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PREFACE

This report summarizes the scientific activities of theitogt for Cosmic Ray Research
(ICRR) of the University of Tokyo in the Japanese FY 2010.

ICRR is an inter-university research institute for studdésosmic rays. The headquar-
ters of ICRR is located in Kashiwa, Chiba prefecture, Jagarorder to promote various
cosmic-ray-related studies efficiently, ICRR has threeaesh divisions; Neutrino and As-
troparticle division, High Energy Cosmic Ray division, aAdtrophysics and Gravity di-
vision. ICRR has 3 observatories in Japan; Kamioka Obsamvé#Kamioka underground,
Gifu prefecture), Norikura Observatory (2770 meters abssa level, Mt. Norikura, Gifu
prefecture), and Akeno Observatory (Yamanashi prefettmgether with 1 research cen-
ter; Research Center for Cosmic Neutrinos (Kashiwa, Chib&pture). In addition, there
are 3 major experimental facilities outside of Japan. Theyacated in Utah in USA, Yang-
bajing in Tibet, China, and Woomera in Australia.

More than 300 researchers from various Japanese instifuice involved in the re-
search programs of ICRR. It should be noted that most of thensfic outputs from this
institute are the results of the collaborative efforts bynsnanstitutions. In order to pro-
duce outstanding results, it is very important to carry auegperiment by an international
collaboration composed of top-level researchers all dventorld. Hence, most of the ex-
perimental collaborations that ICRR is involved are in&tional ones. For example, the
number of collaborators in the Super-Kamiokande expertnsestbout 130; among them 60
are from abroad (USA, Korea, China, Poland and Spain).

Many exciting scientific activities of ICRR are describedtims report. One of the
highlights is the initial results from the T2K long-bas@&ineutrino oscillation experiment,
which studies neutrino oscillations in detail includingg ttinird mixing anglef;3. Another
highlight is the start of the construction of Large-scalgdgrenic Gravitational wave Tele-
scope (LCGT), which intends to detect gravitational wawegle first time and open a new
field of "gravitational wave astronomy”.

We hope that this report is useful for the understanding efdhrrent research activi-
ties of ICRR. Finally, we appreciate very much the strongpsupof our colleagues in this
research field, the University of Tokyo and the Japanese S#inof Education, Culture,
Sports, Science and Technology. They are indispensabliénéocontinuing, and exciting

scientific outcome of ICRR.

Takaaki Kajita,

Director,

Institute for Cosmic Ray Research,
The University of Tokyo



The ICRR building at Kashiwa,
Chiba, Japan.

The inner detector of Super-
Kamiokande-Ill during the full
reconstruction. The purified water
is under filling.

The system of four imaging at-
mospheric Cherenkov telescopes
of 10m diameter of CANGAROO
project for detection of very high
energy gamma-rays The whole sys-
tem is in operation since March
2004 in Woomera, South Australia.



Outer shield of cryostat

Heat links extend from here
to the inner shield
heat anchor,

~ SAS: three stages with
inverted pendulum

SPI sub-mirror

Sapphire fiber
suspending mirror

Main mirror

Tibet-1ll air shower array (37000
m?) at Yangbajing, Tibet (4300 m
in altitude).

Air fluorescence telescopes (left)
and a scintillator surface detector
(right) of the Telescope Array ex-
periment in Utah, USA to explore
the origin of extremely high energy
cosmic rays.

Cryogenic mirror suspension sys-
tem for Large Scale Cryogenic
Gravitational Wave Telescope.



Wide-view telescope of 2.5 m di-
ameter (left telescope) in Arizona,
USA for the Sloan Digital Sky Sur-
vey project.
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A public lecture held by Research
Center for Cosmic Neutrinos.
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Number of Staff Members (As of April 1, 2010)

Scientific | Technical| Research| Administrators| Total
Staff Staff Fellows and
Secretaries
Neutrino and Astroparticle Div 22 5 4 14 45
High Energy Cosmic Ray Div. 15 14 4 5 38
Astrophysics and Gravity Div. 10 0 3 1 14
Administration 1 0 0 11 12
Total 48 19 11 31 109
FY 2005-2010 Budget
2005 2006 2007 2008 2009 2010
Personnel
expenses| 465000 566000f 624000f 632000 590000| 576000
Non-
personnell 1822000 812000| 1253000 1121000/ 1292000| 1048000
expenses
Total 2287000 1378000 1877000| 1753000| 1882000| 1624000

(in 1 000 yen)
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NEUTRINO AND ASTROPARTICLE DIVISION

Overview soon as a block of data (usually a block corresponds to sev-

This division aims to study particle physics with prime ineral minutes) is transferred to the offline system, a program

terests in physics of neutrinos and proton decay, and amro;fa”ed SNWATCH searches for time clustered events. Current

ticle physics with the use of underground experimentalifaci ¢'iteria of SNWATCH are (1) more than or equal to 7 events
ties. within 0.5sec, (2) more than or equal to 8 events within 2sec,

Our most important facility is the Super-Kamiokandé‘nd (3) more than or equal to 13 events within 10sec. When

(SK) detector. It is a 50 kton water Cherenkov detector usirdj [€ast one of these criteria are met, SNWATCH reconstructs
11,129 50 cm-diameter photomultipliers (PMTs) for its inne/€rtex position and energy of the events together with neigh
detector and 1,885 20 cm-diameter PMTs for its outer detdRQriNg cosmic ray muons. In most cases, these clusters are

tor. The data taking of SK started in April 1996. The mo<{ue t0 spallation products whose vertex positions are atign

important physics results are the discovery of neutringloscVith their parent cosmic ray muon. If SNWATCH finds an

lation in atmospheric neutrinos in 1998 and thereby demofvent cluster whose vertex spread is larger than a giveercrit

strating that neutrinos have a finite mass, and the accurff{), n alarm signalis sent to experts by an e-mail. The, th

measurement of the solar neutrino flux from the deca$fof experts check whether it is a real supernova signal or not by

which served to confirm the long-conjectured neutrino escitPOking at various plots which are uploaded to a secured site

lation hypothesis in solar neutrinos beyond doubt. Thecteaccessible from the Internet (including i-mode keitai).clsu
for nucleon decay at SK gives the current best limit whichla'ms happen almost once per month. They are usually due
strongly constrains the grand unification scenario of part® the accidental coincidence of two cosmic ray induced-clus

cle interactions. SK has been monitoring for neutrinos frof§"S- e have a supernova drill at least once per year. So far,
supernova bursts. If a supernova burst occurs at a distafeereal supernova neutrino burst signal has been observed at
from the center of our galaxy, SK will be able to detect abosUPer-Kamiokande. _
8,000 neutrino events. A high intensity neutrino beam exper !N the drill, the SNWATCH conveners and the executive
ment using the J-PARC accelerator (T2K) was started in 206@Mmittee members meet via TV conference system, and dis-
The T2K experiment uses the SK detector as the far detecfdtSS 0 make a decision for a prompt announcement to out-
The third oscillation pattern (the effect of the mixing a‘ﬂg|5|de researchers and the press. We practice thls_ drill as if
613) and the high precision measurement of oscillation paraf-"€l supernova happened. We also have SK shift training
eters are main physics subjects in T2K. In 2010, the first rBY illuminating an LED in the SK detector a few times ev-

sults of the T2K experiment were released as described belGy Month. SK shift members are notified by a dummy alarm
Another activity of the Neutrino and Astroparticle divi-that SNWATCH makes when the LED is illuminated. The

sion is a multi-purpose experiment using liquid xenon agninShift members then call to the SNWATCH experts and give a

at the detection of cold dark matter, neutrino absolute ma&Port- The SK collaborators will be ready for the real super
using neutrinoless double beta decay, and low energy sdig¥ae through the drill and the training. _
neutrinos. The construction of a 800 kg liquid xenon detecto e @lso search for neutrinos from old supernovae, which
which is dedicated for the dark matter search was finished € called Supernova Relic Neutrinos (SRNs). The SRN sig-
2010 and the commissioning of the detector was started. nal is the diffuse supernova neutrino background from all th

Recent progress of research activities in the Neutrino afP€rnovae in the past. This signal has never been detected,
Astroparticle division is presented here. but it is expected to be detectable in the 16-30 MeV energy re-

gion, which is the gap between the energy ranges of solar neu-
) ) trinos and atmospheric neutrinos. We have applied cayefull
Super-Kamiokande experiment tuned data selection to enhance the SRN candidates, improv-
Supernova neutrinos ing the efficiency of our search by over 20% compared to the

Kamiokande and IMB observed the neutrino burst frofi?93 SK-! study, which currently provides the world's best
supernova 1987a. This observation confirmed that the ene@'t on SRN flux. Ourimproved data selection also allows us
released by neutrinos is about severtP%ergs. However, to'now se_arch the 16-18 MeV positron energy region, which
the observed number of events were only 11 by Kamiokan$&S previously un.u.sable due to spallation background. Our
and 8 by IMB, respectively. Super-Kamiokande would bgpdate_d search utilizes SK-Il and SK-IIl data as well as SK-
able to detect several thousand neutrino events if a supernb Considers two new background channels, and performs a
happened near the center of our galaxy. Such an observai@fhisticated maximum likelihood search in multiple regio
would enable us to investigate in detail the mechanics of tR&the Cherenkov angle distribution to extract the most accu
supernova explosion. Galactic supernovae are searched "fF flux limit pOSS|bI§(F|g.1). Multiple systematic eﬁr:zscnitrle
almost in real time at SK. The online data acquisition Syg_ons_ldered. A flux limit of l?et""ee” 2.7 and a&m S
tem running in the mine sends data to the offline computgtoSitron energy- 16 MeV) is our new result, with the ex-
system in the surface building of Kamioka observatory. A&Ct value depending on the shape of the neutrino spectrum
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Fig. 1. SK-I best fit result, assuming Ando et al's LMA model. The
relic best fit is negative, so a relic fit of 0 is shown. SK-Il and SK-IlI

have small but positive relic best fits. Fig. 3. In the new cavern the Gd pre-mixing and pre-treatment 15 ton

tank (front left), the selective filtration system (front right) and the
200 ton tank (rear of the hall) have been installed.

o
g?’ A its lifetime. Since most of the neutrinos that can be detkcte
531 at SK undergo inverse beta decay, electron anti-neutriros a
i i the most copiously detected neutrinos:
o [
L“cljz Ve+p—e€+n (1)
; K Presently, the SK detector can only detect the positrons effi
wo ciently but if we could detect the neutrons, we could greatly
17 reduce the backgrounds that constrain our SRN search. This
could be attained by the coincidence detection of positrah a
F neutron (in space, vertices within tens of cm and in time,
ot with the neutron capture delayed about2€ec). By adding
2.5 3.0 35 40 45 50 55 6.0 65 7.0 7.5 8.0 0.2% of gadolinium (Gd) sulfate into the water tank we could

T, in MeV achieve this goal. Gadolinium has a neutron capture crass se
tion of 49.000 barns (about 5 orders of magnitude larger than
of protons) and emits a gamma cascade of 8 MeV that can be

Fig. 2. Results plotted as an exclusion contour in SN neutrino lu-  easily detected at SK.

minosity vs. neutrino temperature parameter space. The green We want to show that adding Gd into the SK water, SK

and blue contours show IMB and Kamiokande allowed areas for ilb lect ti trino detect ble t III;

1987a data, respectively. The red shows our new 90% c.l. result. wilf become an elec fQ“ an "n_eu ”n_o e eC_Or’ a e_ O'_ ) g

The dashed line shows the individual 90% c.l. results of eachtem- ~ Verse beta decays, while keeping all its previous capsilin

perature considered separately, which is not a true 2-D exclusion  the other analyses like solar and atmospheric neutrinos. Th

contour. EGADS (Evaluation Gadolinium’s Action on Detector Sys-
tems) project was funded in 2009 and since then a new hall

assumed. This new result will replace the 2003 study to hear the SK detector has been excavated and a 200 ton tank

the most accurate measure of the SRN signal ever perform@éih its ancillary equipment has been installed, see Figtt
Furthermore, a new method of presenting the SRN flux limiglea is to mimic the conditions at SK inside the 200 ton tatk. |
is also ready which is of great use to theorists and does h@s been equipped with a selective water filtration systeat, t
depend on any particular model (Fig.2). will filter out water impurities while keeping Gd in the water
a Gd pre-mixing and pre-treatment 15 ton tank and a device
. . . to measure the water attenuation length (UDEAL). Since the
SuPer'Kar_mOkande R&D gadolinium project middle of January, the 200 ton tank has been filled with pure
As mentioned above, although at SK a few SRN events;gyier. The water system, which has been running stably since
year are expected, SRNs have not been detected yet becg{seeginning of February has proven to keep a high water
the large backgrounds constrain our search. The main g%lality, see Fig.4. Soon we will test adding gadoliniumatef
of our research is to reduce _these backgr_ounds and be <';1b|(k_=0tg.Ie pre-mixing 15 ton tank and circulate the water through
detect SRNs. The observation of SRNs in general or neutire water system. The next step will be to add gadolinium
nos from distant supernovae in particular, would give usesongtate to the 200 ton tank and by the end of 2011 we expect
information about the universe, for example the core cskapy mount 240 50-cm photomultipliers, thus entering in the la
rate from SRNs, and the neutrino itself too, for example abOHhase of this exciting project.
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Fig. 4. Water attenuation length for pure water from the 200 ton tank
for three wave lengths: 337nm, 375nm and 405nm. The water

attenuation length decreases first and then increases as soon as 30-8 w
the water filtration system ran continuously. =
N
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=
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Energy resolution +0.2 =
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Spallation +0.2 Fig. 6. Energy spectrum of solar neutrino flux in SK-lll data from 5
External event .CUt +0.25 MeV to 20 MeV. Each point shows the ratio of the data and the
Small cluster hits cut +0.5 expected flux calculated from the SSM. The line indicates the av-
Background shape +0.1 eraged value of the SK-IlI data.
Signal extraction method +0.7
Livetime +0.1
Cross section +05

| data because the amount of the Rn contamination within
Total +2.1(*3%) the fiducial volume has been reduced by changing the wa-
ter flow inside the tank and keeping the water with relatively
Table 1. Systematic uncertainty summary for the total flux in %. SK-I rich radioactivity from entering ”_“O the fiducial volumelsd
values are also shown in parentheses for the largely improved sys-  because pure water was supplied through a RO (reverse os-
tematic sources in the current SK-IIl analysis. mosis) system which seems to have removed radium content
in water. Detector simulation and event reconstructiorstoo
. have been improved in this analysis, which give lower system
Solar neutrinos . ) __atic uncertainties (See Table 1). Among the improvements in
SK detects_ solar neutrinos through elastic ne_umn?ﬁe detector simulation, the position dependence of themat
glectron §catter|ngv Te— Ve where the energy, direc- transparency in the tank was newly implemented and the re-
tion aqd t|me of the recoil el_ectron are measured. Due to. 'ﬁ%ctivity of the sheet, optically separating the inner dede
large fiducial mass of 22.5 kiloton, SK gives the most precigg,  the outer detector, was carefully measured and updated
mea_tsurement of the solar neutrlnos_ flux W_'th_ accurate mfoﬁ\n example of refinement in the reconstruction tools is the
mf';mo_n ofthe energy spgctrum_and fume variations. To a(Eh'el)‘anrovement in the direction fitter, which yields a 10 % bet-
this high precision, precise ca_hbratlons are performedhie ter angular resolution. With all those improvements, the sy
energy scgl_e, energy lresolu.tlon, angular resolut|0.n.a|ad t{éma\tic uncertainties for total flux of the SK-11l data be@sn
vertex position resolution using a LINAC artéN radioiso- +2.1%, which is reduced from2 3% of the SK-I data [2].
tope g_enerated by a DT neutron gene_rator. o , Fig. 5 shows the result of the solar angle distribution for
) 'I_'h|5 year, the SK-IIl data analysis was finalized with the SK-Ill final sample. After subtracting background and fit
livetime of 298 days for the total electron energy range brﬁhg with the8B energy spectrum by Wintet al. [3], we ob-
tween 5 MeV and 6.5 MeV, and 548 days for the range besineq thefB flux value of 232+ 0.04(stat.) +0.05(sys.) x
tween 6.5 MeV and 20 MeV [1]. The SK-lIl data have & oo -25-1 \which is consistent with the previous SK-I and
lower background level in the low energy region than the Sk o5 1ts The energy spectrum of the solar neutrino flux for
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Fig. 7. Allowed region for _neutrlno osc!llatlon parameters, Am? and 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1.0 1.1
tan?@ from solar analysis. The left figure shows the results from tan?(®;,)
the SK-1, Il and Ill combined analysis with the 8B flux constrained
by SNO NC measurement. The right figure presents the result
of global analysis including SK and other solar experiments(SNO, ~ Fig. 8. Allowed region for sin®6y3 and tan®6y, from the three flavor
Borexino, Homestake, GALLEX-GNO and SAGE). analysis. The thick lines and the star mark show the allowed re-
gions and the best fit point of the global solar analysis. The thin
lines and the square mark show the allowed regions and the best
fit point of our KamLAND analysis. The filled areas and the filled

_ . : . circle mark show the allowed regions and the best fit point of the
the SK-IIl data is shown in Fig. 6. The energy range used for combined analysis. For all regions, the innermost area (red), the

the analysis is from 5 to 20 MeV. As shown in the figure, the middie area (green) and the outermost area (blue) show 68.3, 95,
ratio of the data and the expected flux from the Standard Solar 99.7 % C.L. respectively.
Model (SSM) [4] scatters almost flat at 0.4, and the energy

spectrum distortion which is expected from the LMA solution | o
is not observed yet. H g

Oscillation analysis has also been done including the S£°% 4.0-4.5MeV igo.oa 4.5-5.0MeV
Il solar neutrino data. The two flavor analysis for the degm, ot oo bt H CoL
termination of the solar oscillation parametefig; andAmg, & =TT Y002t Sy T
was done with the combined SK-I, Il and Ill data. In the ** . . . .
analysis, the totafB flux is constrained by the SNO NC o o o 929+ 92- 90events
measurement[5][6]. The result is shown in Fig.7. As show preliminary , _ preliminary
in the left figure, the LOW solution is excluded and the LMA % 05 0 05 T

solution is only allowed to explain the solar neutrino dseil
tion. Note that this result was obtained using SK resulty onkig 9. solar angle distributions of 754.1 days SK-IV data sample for
(not global analysis) with th2B flux constraint. solar neutrino with energy between 4.0-4.5 MeV (left) and 4.5-5.0
We have also done the same analysis using MeV (right).

the data from SK and other solar experiments, i.e.
SNO[5][6][7][8], Borexino[9], and radiochemical experi-
ments (Homestake[10], SAGE[11] and GALLEX-GNO[12])jgcted. In SK-IV period, we have introduced a precise tem-
The allowed region from the global analysis is shown ierature control system for the inlet water to avoid water-co
Fig.7(right). The best-fit parameters are46ip = 0.44+0.33  yection which causes Rn rich water to enter the fiducial vol-
andAmg, = (7.6+0.2) x 10 eV, ume. In Fig.9, the solar angle distribution in the 4.5-5.0MMe

_ In addition to the two flavor analysis, _thre_e flavor analénergy region and that in the 4.0-4.5 MeV energy region are
ysis was also done. We used three oscillation paramet&f§own, They show that the solar neutrinos even below 5 MeV
Amg,, 012 and6y3 as free parameters and set a fixed value gfe clearly observed in SK-IV. High qualif solar neutrino

2.4x10"eV? for Amg,. Fig.8 shows the allowed region for yata are being accumulated and the SK-IV data analysis is
sinf613 and tart6;, from the three flavor analysis of SK andy, o,y ongoing.

other solar experiments together with the KamLAND three

flavor analysis[13]. The allowed region for the combined . )

analysis from the solar global and KamLAND analyses is al&tmospheric neutrinos

indicated. The limit of siR@y3 is 0.060 at 95% C.L. for the ~ Cosmic ray interactions in the atmosphere produce neutri-
solar global analysis. After combination with the KamLAND0s. The prediction of the absolute flux has an uncertainty
result, the best fit value of sifli is found to be 0253918  of at least+20%. However, the flavor ratio of the atmo-

and upper bound is obtained as®dg; < 0.059 at 95% C.L. SPheric neutrino flux{v, + Vi)/(Ve + Ve), has been calcu-
These results will be published soon. lated to an accuracy of better than 5%. Another important

Since SK-IV was started with new electronics and onlinfeature of atmospheric neutrinos is that the fluxes of upward
system in October 2008, we continue taking the solar ne@d downward going neutrinos are expected to be nearly equal
trino data without large unscheduled downtime. By the erfll Ev >(afew GeV) where the effect of the geomagnetic field
of March 2011, data of about 754.1 days livetime were coPn Primary cosmic rays is negligible. The livetime and ob-



6

200} Sub-GeV e-like 1-dcye Sub-GeV e-like 0-dcy e Sub-GeV p-like 0-dcy e Sub-Gev p-like 1-dey e

iv-vﬁ%tbﬁ
| e ——— | 200

w
\

i

[
E
[

100+

E
K
)

\

i

0 05

served number of atmospheric neutrino events during the
SK run periods are summarized in Table 2. Fully conta
(FC) events deposit all of their Cherenkov light in the ir .}
detector, while partially contained (PC) events have eg
tracks which deposit some Cherenkov light in the outer d
tor. The neutrino interaction vertex is required to be re: SSRAREA oo e PR o onn
structed within a 22.5 kiloton fiducial volume, defined tc  «} I | ok
> 2 m from the PMT wall. ﬁ
The FC events are classified into “sub-Ge\B{ <
1330 MeV) and “multi-GeV” Eiis > 1330MeV). Thes
events are further separated into sub-samples based 1 [swcwvpmezaye | [ wmmeene s g e Non snoverg 1
number of observed Cherenkov rings. Single- and multi-
are then divided into electron-like (e-like) or muon-like-
like) samples depending on pattern identification of thet
energetic Cherenkov ring. The sub-GeV samples are
tionally divided based on their number of decay-electrord ooV N e - Srowerno
their likelihood of being at. 14 +1 1
The PC events are separated into "OD stopping” and | ] i;ﬁji:i
through-going” categories based on the amount of ligh t
posit by the exiting particle in the OD. E 5 :
i . i . lepton momentum (MeV) cos zenith cos zenith cos zenith
Energetic atmospherig,’s passing through the Earth i..
teract with rock surrounding the detector and produce muons _ o
. . . . Fig. 10. The zenith angle and lepton momentum distributions for each
via charged current interactions. These neutrino evergs ar- j,;, sample. cos® —1 indicates downward-going particles. The
observed as upward going muons. Upward going muons blue histograms show the MC prediction without neutrino oscilla-
are classified into two types. One is “upward through-going tion and the red histograms show the MC prediction for v, < v;
muons” which have passed through the detector, and the oscillations with sin” 26 = 1.0 and An¥ = 2.1 x 10~ %eV2.
other is “upward stopping muons” which come into and stop
inside the detector. The upward through-going muons are

subdivided into "showering” and "non-showering” based oprediction is based on the recent precise measurements of pr
whether their Cherenkov pattern is consistent with lighttem mary cosmic rays by BESS, AMS and a three dimensional

ted from an electro-magnetic shower produced by a very higiiculation of the neutrino flux by Honda al. The u-like

energy muon. data from SK exhibit a strong up-down asymmetry in their

The livetime and number of observed events for the firgenith angle ®) distribution while no significant asymmetry

three SK periods are summarized in Table 3. was observed in thelike data. The data were compared with

the Monte Carlo expectation without neutrino oscillatiansl
Table 2. Atmospheric neutrino livetimes and the number of observed the best-fit expectation fm# = Vr osqlllat|ons. The OS_C"'
FC and PC events for each SK run penod (*)Numbers for SK-IV |a.ted Monte Cal’|0 I’eprOduceS the Zen|th angle dIStI’IbL‘I[ﬂIfn

Table 3. Atmospheric neutrino induced upward-going muon livetime

are preliminary since data taking is still ongoing. the data well.
Livetime(days) FC PC We carried ouvy, — v; 2-flavor oscillation analysis using
SK-I 1,489 12,232 896 the entire SK-1, Il and Il atmospheric neutrino data setd Re
SK-II 799 6,584 429 contours in Figure 11 show the allowed neutrino oscillation
SK-1lI 518 4,356 343 parameter regions far, < v; oscillations. The best fit oscil-
SK-Iv* 763 6,187 485 lation parameters are €86 = 1.0 andAn? = 2.2 x 10 3eV2.

The allowed oscillation parameter range is’§f > 0.96 and
An? = (1.8—2.6) x 103%V2 at 90 % C.L.
The atmospheric neutrino data are well described by neu-

and the number of observed events for the first three SK run peri- trino o_scnla_tlons. Th_e survival prObab_”'ty of aﬂ IS given
ods. (*)Numbers for SK-IV are preliminary since data taking is still by a sinusoidal function df /E, whereL is the distance trav-

ongoing. eled by the neutrino an# is the neutrino energy. We also
Livetime(days) through-going stopping  performed an oscillation analysis binning the data in tha-co

SK-I 1,646 1,856 458  hined variableL/E. Low energy or horizontal-going events

SK-II 828 889 228  are rejected in this analysis since they have either large sc
SK-IlI 636 735 210 tering angles or largdL /d@,enitn This creates a sample with

SK-Iv* 763 924 223 good resolution in thé /E variable that is used to search for

the maximum in the oscillation probability sinusoid. The ob
The zenith angle and lepton momentum distributions fdained allowed oscillation parameter regions are showngn F

each of the above samples compared with the atmospheanie 11. This result is consistent with that of the oscillatio
neutrino Monte Carlo predictions are shown in Fig. 10. Thanalysis using the zenith angle binning. The obseivéd
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Fig. 11. Allowed region of v, — v; neutrino oscillation parameters ob-
tained by SK using contained atmospheric neutrino events and up-
ward-going muon events. Solid and dashed contours correspond
to 90 and 68% C.L. respectively. Red contours are obtained by
the zenith angle analysis and blue contours are obtained by the
L/E analysis (see text). Allowed regions by long-baseline neutrino
oscillation experiment K2K and MINOS are shown in black and
green contours, respectively.
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Fig. 13. x2 distribution as a function of (left:)sin? 8,3 and (right:)sin® 6,3.
The normal hierarchy and inverted hierarchy cases are plotted with
red and black lines, respectively.

SK atmospheric neutrino samples.

We have performed an extended oscillation analysis in-
cluding all the mixing parameters and the CP violating term.
The matter effect in the Earth is also considered in this cal-
culation and both the normal and inverted mass hierarchies
are tested. Figure 12 shows the allowed regions Ao’
si’2623), (AP, sir? 013), and (s B13, &p) for the normal
and inverted mass hierarchies. A comparisory®between
normal and inverted hierarchy case is shown in Figure 13.
The best fit parameter sets afe@,, Sir? 6,3, sir? 813, &p)=

distribution gives the first direct evidence that the netri (2-11'1039\/723: 0-2525, 0.006, 229 for the normal hierarchy
survival probability obeys the sinusoidal function predit and (2.5110%eV<, 0.575, 0.044, 220 for the inverted hier-
by neutrino flavor oscillations.

0.00%

0,005

AmZ,
& 8
/ \
/ |

amg,
5B
~~
)
\JJ

sn 20,
585 s

0.005 0.005 e~
081 0B 0.8 09 02 081 0.% 08 1 0% 01 05 02 05 03 05 04 050 100 1% 200 250 30

s 220,,

o TN .
o0 N— L] N
\ N // /\ \x
o [ .
- N

sh 0y S

Fig. 12. The allowed regions for (Am?, sin?2653); left, (Am?, sin? 613);
middle, and (sir? 613, Jp); right for the normal (upper figure) and
inverted (lower figure) hierarchy. The blue, red, and green con-
tours correspond to 68, 90 and 99% C.L. allowed regions obtained
by this analysis, respectively. The shaded regions corresponds to
the area excluded at 90% C.L. by the CHOOZ experiment.

Two flavor neutrino oscillations which assume ti@gs=0

andA

neutrino data with maximum mixing angléx=r1/4). How-

archy case. All fits are consistent with the two flavor oseilla
tion results and CHOOZ experiment’s upper limit 613. No
indication for either mass hierarchy is seen in the datd]. [14

0.01

T
Do.006

5

Fig. 14. Allowed regions for the anti-neutrino mixing parameters. The

m%Z < Am%s successfully describe the SK atmospheric blue, red and green contours correspond to the 68%, 90%, and

99% C.L. allowed regions respectively. Shaded region shows the
allowed regions by MINOS experiment [15].

ever, nonzerdhz may be observable in the excess of multi-
GeV electron neutrino events, and to a lesser extent in the

oscillations of multi-GeV muon neutrinos. Additionallye

Recently MINOS experiment reported the indication of

effects of the solar oscillation parameters and non-makimae largerAn? in anti-neutrino ¢,) oscillation [15]. We
mixing are observable as a sub-leading oscillation effect @also performed a CPT violation test of the atmospheric neu-
the event rate of the Sub-GeV electron-like samples. If theno data using separated two-neutrino disappearanceinod
CP violating termd, is also considered, there are additionakhich allows neutrino and anti-neutrino to oscillate witfrd
sub-dominant oscillation effects predicted across marthef ferent parameter sets ohif?, 8) and (¥, 8), respectively.
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According to the fitting result, the allowed region for antisuch as the performance of Michel electrons tagging, the en-
neutrino mixing parameters is shown in Figure 14, and thexgy resolution in multi-GeV electron sample, etc. Thetfart
best fit parameters are X\n?, AP, sirf26, sirf20 ) = ( analysis including SK-IV data are going on.

21x10%eV? 20x103eV? 1.0, 1.0). The atmospheric
mixing parameters for anti-neutrino oscillations are Gsiest S
with those for neutrinos and therefore no evidence for CRT vi
olation is found.

earch for nucleon decay

Proton decays and bound neutron decays (nucleon decays

in general) is the most dramatic prediction of Grand Unified
Zenith Distribution Theories in WhICh three fgndamental forces of elgmentary pa
ticles are unified into a single force. Super-Kamiokande)(SK
is the world’s largest detector to search for nucleon deaags
+ it has accumulated data of 91.7yks (SK-I), 49.2 ktyrs (SK-

+ I1), 31.9 ktyrs (SK-III), and 32.9 kiyrs (SK-1V), resulting in
e

Events

206 ktyrs data in total. Various nucleon decay modes have
been looked for in the period from SK-I to SK-IV data but we
—gI>— have found no significant signal excess so far.

L ' A proton decay into one positron and one neutral pion

(p — et ) is one of the most popular decay modes. This

decay mode is mediated by super-heavy gauge bosons and dis-

covery of the signal would give us the information of the mass
of the gauge mesons. To discriminate the signal from the at-
mospheric neutrino background, we reconstruct the number

of particles (Cherenkov rings) and reconstruct the total-vi
ble energy corresponding to parent proton mass and total mo-

200

Iilillll[]llll

[]I[]l[]lll{'

=

150

—

100

50 . .
mentum corresponding to the proton’s Fermi momentum. The
signal efficiency of SK-1V is estimated to be 45.0 % and the
] T I I B background induced by the atmospheric neutrino interastio

[IPRRTS APRTE AP I
-1 -08-06-04-02 0 0.2 04 06 08 1 is estimated to be 0.05. The BG rate was confirmed by an
cos(©) artificial neutrino beam by using 1-kton water Cherenkov de-
tector [16]. There are no candidate events in data from SK-1t
Fig. 15. Zenith angle distribution of tau-selected events by neural net- SK-IV, on the other hand, expected background in total (from

work method. SK-I, II, Ill dataset is used. Zenith angle cog6)=-1 . . .
(1) indicates upward-going (downward-going) direction. The data SK-1to SK-1V) is 0.42. Then we obtained a lower limit on the

(dot with error bar) and the best-fit MC including tau signal (shaded ~ partial lifetime of the protony /B, ¢+ 0 > 1.2 % 10** years
region) and background from atmospheric neutrinos (ve and v,)  at 90% confidence level.

are shown. In addition, we looked for SUSY favored decay modes
which include K mesons in the final state,—~ vK*, n —
vKO p— ptKO andp — e"K®. In p — VK™ search, we
C51ave analyzed data until SK-IV. In this mode, we tag the sig-
nal by decay products froid . The momentum oK™ is be-

low the Cherenkov threshold, and is stopped in the water and

lation, however, the detection of CC events in SK is chal- . i . )
o . . __decay intou™v or rrt i with monochromatic momenta. On
lenging; the interaction rate af; charged current events is : .
. : ; the other hand, the residual nucleus after proton decaysemit
low since the neutrino energy threshold is 3.5 GeV and the o o
. . : . : ytray ( 40% probability) and it is also useful to tag the proton
atmospheric neutrino flux above this energy is relatively.lo decay sianal. In SK-IV. SK electronics has been replaced and
Also tau events are difficult to be identified individually-be y sighal. ' P

) . - all of hits information are recorded by DAQ. As a result, the
cause they tend to produce multiple particles. Tau analysis . o .
decay electron tagging efficiency is improved and the selec-

performed employing neural network technique to discrimlﬁOn efficiencies ofp — vK* are improved. The efficiency of
nate tau events of hadronic decay from backgrounds of at Ra prompty tagging method is increasea from 7.2 % (SK-I)
sphericve and vy events. Figure 15 shows the zenith anglf0 8.2 % (SK-IV), and the efficiency of the* 10 rr;ethod is
distribution of tau-selected events. Tau events are egdect_ '

to appear in the upward-going events because they origina ecreased from 6.5 %10 7.9 %.
bp P going yorg Figure 16 shows one analysis method in which we search

Vi — Vr oscillation. The zenith angle shape of data is fittep r muon with the monochromatic momentum 236 MeV/c. It
with the MC expectation including tau signal and backgrouna_l )

. : . . o shows the comparison of the muon momentum distributions
with their normalizations free. According to thelfel"tglng vt for single-ringp-like events between data, atmospherdC,

; ; ; +
g:/eei;gnzlr]?jxt%?g;?eecj;?astieiitf?ciﬁffo(rsrg)fc)zr%‘%te(zsg) and proton decay MC, and there are no significant excess in
' 9 P X d%ta. We have analyzed the data from SK-I to SK-IV, there are

We have observed 763 days of atmospheric neutrinos d%o candidates in the promptmethod and ther* 7© method.

with SK-IV. The quality of the observed data are ConSIStelﬁwerefore we conclude that there is no evidence of nucleon

with the previous SK-I, Il, 11l results. Due to the electrosi e L L
X dgcays and we calculated partial lifetime limits takingiat-
upgrade, several performance are expected to be improved,

Tau events, which are produced wiacharge current (CC)
interactions oscillated fromy,, are expected to be observe
in SK. It would bring the direct evidence of, — v; oscil-
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Fig. 16. The comparison between data and fitting results of the
muon momentum distribution for single-ring p-like events. The
filled circles show data with statistical errors. The solid line shows
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neutrino MC with free normalization.

count systematic uncertainties. Obtained limit i9 8 1033
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[8] S.N.Ahmeckt al., “Electron Energy Spectra, Fluxes, and
Day-Night Asymmetries ofB Solar Neutrinos from the
391-Day Salt Phase SNO Data Sefhys. Rev. C 72
(2005) 055502.

[9] C.Arpesellaetal., “Direct Measurement of théBe Solar
Neutrino Flux with 192 Days of Borexino DataPhys.
Rev. Lett. 101 (2008) 091302.

[10] B.T.Clevelandet al., “Measurement of the Solar Elec-
tron Neutrino Flux with the Homestake Chlorine Detec-
tor Bruce T. Cleveland”Astrophys. J. 496 (1998) 505.

[11] J.N.Abdurashitoet al., “Measurement of the solar neu-
trino capture rate with gallium metalRhys. Rev. C 60
(1999) 055801.

[12] M.Altmannet al., “GNO solar neutrino observations: re-
sults for GNO I",Phys. Lett. B 490 (2000) 16.

[13] S. Abeetal., “Precise Measurement of Neutrino Oscilla-
tion Parameters with KamLAND'Phys. Rev. Lett. 100
(2008) 221803.

[14] R. Wendell, C. Ishiharat al. [Super-Kamiokande Col-
laboration], “Atmospheric neutrino oscillation analysis
with subleading effects in Super-Kamiokande I, Il, and
111", Phys. Rev. D 81 (2010) 092004.

Moreover, we have performed extensive study for events;

p — KO using decay products fromd?, in which we have [

5] P. Adamsonet al. [MINOS collaboration], “First di-

includeng decays in the previous paper. Now just SK-I data
has been analyzed and the results of all SK data will be com-

ing up soon. [16]
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The T2K (Tokai-to-Kamioka) experiment [1] is a long
baseline neutrino oscillation experiment. Its main goal is
L “Hm to measure the last unknown lepton sector mixing amke

102 101 by observingve appearance in &, beam. It also aims to
sin220,, make a precision measurement of the known neutrino oscil-
lation parameters with precision &{Am3;) ~ 10-4eV? and
5(sir?26,3) ~ 0.01 viav, disappearance studies. In addition
Fig. 1. The expected significance to exclude leptonic CP conservation ~ t0 neutrino oscillation studies, the T2K neutrino beam ffwit
in 613 and & parameter space by using upgraded JPARC v beam  E, ~ 1GeV) will enable a rich fixed-target physics program of
and the Hyper-Kamiokande. P . . . . .
neutrino interaction studies at energies covering thesttim
between the resonance production and deep inelastic Iscatte
OROSS SECTION ing regimes.

T2K adopts the off-axis method [2] to generate the
narrow-band neutrino beam using the new MW-class proton
synchrotron at J-PARC. In this method the neutrino beam
is purposely directed at an angle with respect to the base-
line connecting the proton target and the far detector, Bupe
Kamiokande. The off-axis angle is set ab2so that the
narrow-band muon neutrino beam generated toward the far
detector has a peak energy-at0.6 GeV, which maximizes
the effect of the neutrino oscillation at 295 km and mininsize
the background to electron-neutrino appearance detection

Details of the T2K experimental setup are described else-
where [3]. The J-PARC Main Ring (MR) accelerator [4] pro-
vides 30 GeV protons with a cycle of 0.3Hz. Beam bunches
are single-turn extracted inggs and transported an extraction
line arc defined by superconducting combined-function mag-
nets to the production target. The target is a graphite ral wi
a diameter of 2.6 cm and a length of 90 cm (corresponding to
1.9 interaction length). Charged particles exiting thgéaare
sign selected and focused into the 96 m long decay tunnel by
three magnetic horns pulsed at 250 kA.

The near detector site at 280 m from the production
x 5years and the Hyper-Kamiokande detector with the fiduci@rget houses two detector systems. The on-axis Interac-
volume of 0.54 Megaton [1]. tive Neutrino GRID (INGRID), composed of an array of

If the indication of electron neutrino appearance in thiEon/scintillator sandwiches, measures the neutrino beam

ing possibility of exploring these remaining neutrino para the muon neutrino flux and energy spectrum, and intrinsic
eters,i.e. CP phase and mass hierarchy. The suggested la4@ctron neutrino contamination in the beam in the direc-
size of@y3is really encouraging and it will boost the activitiedion of the far detector, along with measuring rates for ex-
toward realization of the future detector. Conceptual giesi clusive neutrino reactions. These measurements are ggsent

(Fig.2), scheduling, and costing of the detector have been & order to characterize signals and backgrounds that are ob
ready started. served in the Super-Kamiokande far detector. The off-axis

detector consists of three large volume time projectiomeha
. bers (TPCs) [5] interleaved with two fine-grained detectors
Bibliography (FGDs), anP-optimized detector and a surrounding electro-
[1] M. Shiozawa, “Large Underground Water Cherenkoyagnetic calorimeter. The whole off-axis detector is pthace
Detectors”, Proceeding of the XXIV International Conjn 3 0.2 T magnetic field provided by the recycled UA1 mag-
ference on Neutrino Physics and Astrophysics (Neyret, which also serves as part of a side muon range detector.
trin0o2010), June, 2010. to be published in Nuclear The far detector, Super-Kamiokande [6], is a 50 kton wa-
Physics B Proceedings Supplement. ter Cherenkov detector located in the Kamioka Observatory.
[2] K. Abe e al. [T2K Collaboration], “Indica- In 2008, the Super-Kamiokande collaboration completed an

Normal hierarchy
L -

O [T T[T [T T[T TT T[T TIT[TTT

w

Fig. 2. The preliminary design of the Hyper-Kamiokande water tank.
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The NEUT MC event generator [9], which has been tuned
with recent neutrino interaction data in an energy regiamco
patible with T2K, is used to simulate neutrino interactions
in the near and far detectors. An energy-dependent error on
charged-current quasi-elastic interactions (CCQE) igyassl
to account for the uncertainty in the low energy cross-secti
] especially for the different target materials between tharn
o s o and far detectors.

Date An inclusive v, charged-current (CC) measurement in
the off-axis near detector is used to constrain the expected
Fig. 1. Accumulated number of protons on target (green/blue lines) event ra-te at the far d-EteCtor' Neutrino interactions in the
and protons per pulse (red/purple dots) during the T2K's first two FGDs with tracks entering the fjo""”s”?am TPC gre selected.
physics runs. A dE/dx of the most energetic negative track in the TPC
is require to be compatible with a muon. To reduce back-
ground from interactions outside the FGDs, there must be
upgrade to the detector's readout electronics [7]. The ngyy track in the upstream TPC. The analysis selects 1529
electronics includes a new front-end capable of a highex d&lyents. The measured data/MC ratio 66l - 0.028(stat.)
processing rate and also improves upon the triggering mietho 0.044(qet syst 3-0.039(phys.syst.). The detector systematic
In the new system, the arrival time and charge of each PNglrors mainly come from tracking and particle identificatio
hit is sent to a cluster of PCs that organizes the hit data agfiiciencies, and physics uncertainties are related torttes-i
searches for event candidates based on programmable sgftion modeling.
ware triggers. For the T2K experiment, the DAQ system trig- At Super-Kamiokande, a fully-contained fiducial volume
gers in time with the beam spills produced by the J-PARG=CFV) sample is extracted by requiring no event activity in
accelerator. Each beam spill is given a GPS timestamp thagigher the OD or in the 100s before the event trigger time, at
immediately sent to the online Super-Kamiokande PCs. Eaghyst 30 MeV electron-equivalent energy deposited in the ID
timestamp is used to define an additional software trigg@r thdefined as visible energiis), and the reconstructed vertex
records all the PMT hits withi=500us of the expected beamip, the 22.5 kton fiducial region. The Run 1 data have 23 such
arrival time (taking a neutrino time-of-flight into accolint FCFy events. All of them are within the time range from -2 to
These spill events are then collected and written to disker_a 10us around the beam trigger time. The accidental contami-
the events are fed into offline processing which applies th@tion from non-beam related events (predominantly from at
usual Super-Kamiokande software triggers used to search fgospheric neutrino interactions) is estimated to be leas th
neutrino events, and any candidate events found are eadtractg-2 events.
for further T2K data analysis. The electron neutrino appearance analysis produces a

The T2K experiment began accumulating neutrino beaghper-Kamiokande event sample enhancedeCCQE in-
data for physics analysis in January 2010. Figure 1 showgactions arising fromv,, — ve oscillations. The main back-
accumulated number of protons on target (p.o.t.), alond Wi§round are intrinsiwe contamination in the beam and neutral-
number of protons per pulse. The first two physics runs aggrrent (NC) interactions with a misidentified®. The se-
defined as Run 1 (January—June 2010) and Run 2 (Novemjgkion criteria for this analysis were fixed from MC studies
2010-March 2011). During this time period, the MR protoRefore the data were collected, optimized for the initiai-ru
beam power was continuously increased and reached 145 kWqy conditions. The analysis relies on the well-estalelish
with 9 x 10" protons per pulse. The number of bunchegyper-kamiokande reconstruction techniques developed fo
was six during Run 1 and eight during Run 2. By the engiher data samples [10]. Among 23 FCFV events, ten events
of Run 2, a total of 2,474,419 spills were retained for anayre reconstructed with a single ring, and two of those are
ysis after beam and Super-Kamiokande quality cuts, yigldi|ectron-like &-like). Both events satisfy a visible energy
1.43x 107°p.o.t.. The proportion of Super-Kamiokande googyt E,;s > 100 MeV, but one of these has a delayed-electron
spills to the total number of spills selected by beam coadi signal and is rejected. To suppress misidentifi@dnesons,
was 99 %. In FY2010, neutrino oscillation studies were peghe reconstruction of two rings is forced by comparison ef th
formed by using the whole Run 1 data, which correspond ghserved and expected light patterns calculated understhe a
3.23x10%p.o.t.. sumption of two showers [11] , and a cut on the two-ring in-

The neutrino flux is predicted by a Monte Carlo (MC) simygriant masin, < 105MeVk? is imposed. The remaining
ulation based on experimental data. Pion production isbasghe event is not rejected. Finally, the neutrino ene§
on the data by the NA61/SHINE experiment [8], which megs computed using the reconstructed momentum and direc-
sured hadron production by 30 GeV protons on a graphite tgn of the ring, by assuming quasi-elastic kinematics a@d n
get. Other hadronic interactions inside the target are sited glecting Fermi motion. The event is remained after reqgirin
by FLUKA. GEANT3/GCALOR handles particle propagare 1250 MeV, aimed at suppressing events from the intrin-
tion through the magnetic horns, target hall, decay volume agjc v, component arising primarily from kaon decays. Tihe
beam dump. The predicted neutrino flux is predominawily appearance signal efficiency is estimated from MC to be 68 %
with < 1%ve contamination. Pion and kaon production unghile rejection forv, and intrinsicve are > 99 % and 79 %,
certainties dominate the neutrino flux prediction uncetiai  respectively. Figure 2 shows a display of the event satiafles
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Fig. 2. A display of the observed v, candidate event.

Fig. 3. The 90% C.L. upper limit (red) and sensitivity (purple) on

I ) . sin? 26,3 for each value of assuming normal mass hierarchy.
Table 1. Contributions from various sources and the total relative 3 o 9 4

uncertainty for sinf2613=0and 0.1

is used to make the confidence interval, following the unified

Source SiA2613—=0 _sir 2613 =01 ordering prescription of Feldman and Cousins [12]. Figure 3
neutrino flux + %69 % - 1%‘? % shows the upper limit and sensitivity on $&6;3 at 90 % con-
near detector 2% 2% fidence level (C.L.) for normal mass hierarchy. Though the
near det. statistics +2.7% +2.7% constraint onf; 3 obtained from the first T2K data was not as
cross section +14.3% +10.6% stringent as those set by CHOOZ [13] and MINOS [14] due to
far detector +£15.8% £9.5% their low statistics, our strategy in\g appearance search in-
Total SNg"/Ng” 538 % Tlaa% cluding high background suppression by the off-axis neatri

beam technique and a niegn® separation, near/far error can-

cellation, etc., was verified.

_ o In the vy, disappearance studyva CCQE enriched sam-

the ve selection criteria. _ ple is selected by applying the following additional cuts on
E(Ehe. expected number_ of events at Super-Kaml.okang\ee FCFV sample : (1) single ring, (2) muon-likg-{ike),

(Ng() is calculated by using the near detecigr CC in- (3) hymber of delayed-electron signals is 0 or 1, and (4) re-

teraction rate measurement as normalization, and the [ structed muon momentum200 MeVk. Eight events re-

tio of expected events in the near and far detectors, Whefgined in the whole Run 1 data. while the expected num-

common system_atic errors_cancel. The oscillatior; pazran]ge-r of events with a normalization by the near detectgr

ters other than ﬁﬂe%g a-rﬁz fixed atdmg, = 7-%>< 10°°eV*,  cC interaction rate measurement is.@P+ 3.19(syst.) in

Armgs = 2.4 x 10-%eV?2, sir’ 26, = 0.8704, sirf 2623 = 1'Op’ the null oscillation case and.® 4 1.04(syst.) in the two-

and &cp = 0 unless otherwise noted. The cpmput«@ flavor v, — v oscillation case witl\mg, = 2.4 x 10 3eV?

are 0.34(1.20) events for $ig6; 3 = 0(0.1), which consist 514 gjf 26,5 = 1.0. Significance from the null oscillation hy-

of 0.14(0.14)vy + vy, 0.18(0.16) intrinsiaze, and 0.02(0.9) pgthesis is 2.6. Figure 4 shows the reconstructed neutrino

Vi, — Ve Oscillation events. As shown in Table 1, the total SYSnergy distribution of the selected events.

tematic uncertainty ohlg” depends ors. The errors from By the end of Run 2, we have already accumulated about

cross-section modeling are dominated by uncertainties-in ig times as much as the data obtained during Run 1. The re-

tranuclear final state interactions (FSI) and by the knogted g it of the Ve appearance search using these new data with

of the o(ve)/a(vy) ratio. estimated ta-6%. The system- o4y ced systematic errors will be reported in FY2011, as wel
atic uncertainties due to event selection in Super-Kanmidea s the first result of the T2k, disappearance analysis. The
were studied with cosmic-ray muons, electrons from muGfbk peam production has been suspended since the Tohoku
decays, and atmospheric neutrino events. Main Cont”bU“Earthquake occurred on March 11, 2011. Recovery works
Xp /n EXp : g ; , 2011. _
to ONg' /Ny~ for e.g. S”_?’291_3 =0.1is 5.0% from ring o, the damaged accelerator and beamline components are in
counting, 4.9 % from particle identification, and 6.0 % fromy o gress in order to resume the neutrino beam data-taking by

theMiny cut. o _ “December, 2011.
The oscillation analysis is based entirely on comparing

the number ofve candidate events with predictions, varying . .

sin? 26,3 for eachdcp value. At each oscillation paramete%'bhOQVaphy

point, a probability distribution for the expected numbér o [1] Letter of intent: Neutrino oscillation experiment atBH
events is constructed, incorporating systematic errohsch 2003. http://neutrino.kek.jp/jhfnu/loi/lalHFcor.pdf.
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Reconstructed E, Gev XMASS experi ment

The XMASS experiment aims to deteéBe/pp solar
neutrinos, neutrino-less double beta decay, and dark matte
Fig. 4. Reconstructed neutrino energy of the events selected in the searches ”S'”,g UItra'pure liquid xenon. The first stage of
v, disappearance analysis. XMASS experiment is concentrated on dark matter searches
using 800 kg liquid xenon detector. The 800 kg detector con-
struction in the Kamioka mine was funded and started in April
[2] D. Beavis, A. Carroll, I. Chianget al., Long Baseline 2007. Construction work was completed in September 2010
Neutrino Oscillation Experiment at the AGS (Proposaind commissioning run has been started since October 2010.
E889), 1995. Physics Design Report, BNL 52459. Several astronomical observations indicate that the uni-
[3] K. Abe et al. (T2K Collaboration), accepted for publica—\c/)erse ?oEtains a Ialrge %Tount gg nonb?ryorr:ic darl; matte_r.
tion in Nucl. Instrum. Methods, article in press (2011)d nek of the most p ?(?S'. e candidates for the _n:)n V?/rl)&);lc
doi: 10.1016/j.nima.2011.06.067, ar _;nagtﬁr |sha weakly interacting mr?ss]:ve pa:ctlche (I h )
arXiv:1106.1238 [physics.ins-det]. provided by the supersymmetry in the form of the lightest
supersymmetric particle. WIMPs can be directly detected
[4] Y. Yamazakiet al., KEK Report 2002-13 and JAERI- through their elastic scattering off target nuclei in a dete
Tech 2003-44 and J-PARC-03-01 (2003). tor. XMASS searches for the WIMP-xenon nucleus interac-
tion in liquid xenon. Liquid xenon has the several advansage
[5] N. Abgralletal., Nucl. Instrum. Meth. A637, 25 (2011), for dark matter searches. Large amount of scintillatiofhtig
arxiv:1012.0865 [physics.ins-det]. (42,000 photons/MeV), which is as good as Nal(Tl) scintil-
[6] Y. Fukuda et al. (Super-Kamiokande Collaboration),lator enablgs us tq detect smgll energy signals such as dark
Nucl. Instrum. Meth. AS01, 418 (2003). matter recoil. Ovv_mg to the h|gh a_tomlc number of xenon
(Z = 54) and the high density of liquid xenor-(2.9 g/cnr),
[7] S. Yamadaet al. (Super-Kamiokande Collaboration) target volume can be small and external background gamma-
IEEE Trans. Nucl. Sci. 57, 428 (2010). rays can be absorbed within a short distance from the detecto
wall. With 20 cm self-shielding, gamma-rays fraiitU con-
[8] N. Abgrall et al. (NA61/SHINE Collaboration), submit- tamination is expected to be reduced more than 3 orders of
ted to Phys. Rev. C (2011), arXiv:1102.0983 [hep-ex]. magnitude in the 5-50 keV electron recoil energy range from

he simulation study. Figure 1 shows the expected sertgitivi
[9] Y. Hayato, Nucl. Phys. (Proc. Suppl.) B112, 171 (2002);¢ o w\asS experiment. Our goal is to reach B cn?.

[10] Y. Ashie et al. (Super-Kamiokande Collaboration), —Most of the XMASS facilities are located at Hall-C in the
Phys. Rev. D71, 112005 (2005), hep-ex/0501064.  Kamioka mine 1,000m underneath the top of Mt. Ikenoyama.
The XMASS detector consists of the cylindrical water tank
[11] T. Barszczak, (2005), Ph.D. Thesis (University of €aliwith 72 50cm PMTs (outer detector: OD) and spherical liquid
fornia, Irvine), UMI-31-71221. xenon detector with 642 2inch PMTs (inner detector: ID) as
[12] G. J. Feldman and R. D. Cousins, Phys. Rev. D57, 38 Eown _in figure 2. The spherical liquid xenon de_te<_:t0r s con-
(1998). ained in a double wall vessel. The vessel ponS|st|ng ofrinne
and outer vacuum chamber (IVC and OVC) is made from oxy-
[13] M. Apollonio et al. (Chooz Collaboration), Eur. Phys. J.g9en free high conductivity (OFHC) copper. The gap between
C27, 331 (2003), hep-ex/0301017. IVC and OVC is kept vacuum for thermal isolation. The in-
ner surface of IVC was polished with electro-chemical bigffin

[14] P. Adamsoret al. (MINOS Collaboration), Phys. Rev. (ECB) to reduce emanation of hydrogen and radon from cop-
D82, 051102 (2010), arXiv:1006.0996 [hep-ex]. per.
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Water tank

Fig. 4. Photo of liquid xenon vessel inside the water tank as of
September 2010.
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Fig. 3. Photo of IVC (left). The inner surface of upper part (right, top)
and lower part (right, bottom). Fig. 5. Photo of Hall-C. All the facilities of XMASS 800 kg detector
have been completed.

In July 2010, the vessel was delivered at Kamioka mine,

and detector assembling work was started inside the walgF &t the 30 L/min of flow rate and liquefied with two 200 W

tank. We made a clean booth inside the water tank and R&1S€ tube refrigerators.

sembling work was done there while the IVC was opened. After 1stfilling of xenon, we collected liquid xenon from
The radon concentration in the water tank was kept about 2{t§ detector to the reservoir through the stainless parfiicer

mBg/n? which is 1/100 of that in the atmosphere, and the dustCHM mesh) to remove dust. The liquid xenon was evap-
level was less than 1000 particled/fParticle size> 0.5um) ©rated, passed through SAES getter, liquefied with refager

during the assembling work. All the ID PMTs had been afors, and introduced into the detector again. We purifiecken
the above method two times.

ready mounted in the OFHC copper holder in February 20y Shite L
as reported in the last annual report. They were put inside th After xenon purification, we have started commissioning
IVC, and PMT signal and high-voltage cables are connect8d Since October 2010. We put several kind of radio active
to the electronics system at the top of the water tank througﬂurces at several positions inside the IVC by using calibra
the vertical pipe and feed-through. The xenon supplying afign System and observed scintillation photons. About 16%
circulation lines were also connected between the sidesf vdTProvement of light yield was observed wiffiCo source

sel and outside of the water tank. The refrigerators, ciioh  ©WiNg {0 xenon cleaning. - Vertex reconstruction study and

pump, filters, and liquid xenon reservoir were put outside trgvaluation of internal contamination (radon, krypton,.jetc

water tank, and connected each other. The 72 50-cm diamdt@Y€ been carried out.

PMTs were also put on the inner wall of the water tank to tag

the incoming cosmic ray muons. All the detector assembling, .

work was completed in September 2010 (figure 4). A caIBqlb“Ography

bration system was also mounted inside the IVC. This systerfl] Y. Suzuki etal., “Low energy solar neutrino detection by

enables us to drive a radio active source inside the IVC along using liquid xenon”, Aug. 2000, hep-ph/0008296.

one axis with< -1 mm accuracy. . e et e
Internal background needs to be removed before and alécz)] K. A.b N .Et al. (the XMASS collaboratlop), D'St'"at'.on

ee ) . . of Liquid Xenon to Remove Krypton”, Astroparticle

the data taking®°Kr in xenon is a potential source of the in- Physics, 31 (2009) 290

ternal contamination. Therefore, we processed one tonrkeno ' '

with our distillation system [2] to reduce ti§&Kr for ten days [3] S.Moriyama, “Status of XMASS Experiment”, proceed-

in September 2010. After distillation, xenon was introcilice ings of identification of dark matter 2010 (IDM2010),

into the IVC. The gas xenon was passed through SAES get-  Jjuly 2010.
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HIGH ENERGY COSMIC RAY DIVISION

Overview completed in 1995 and an emulsion chamber has been com-
There are three major experimental research activities ined with this air shower array since 1996 to study the pri-
the High Energy Cosmic Ray Division, the study of high enmary cosmic rays around the knee energy region. After suc-
ergy gamma rays and the design study of the next generati@ssive extensions carried out in 1999, 2002 and 2003, the
telescopes by the Cherenkov Cosmic Gamma Ray group, thtal area of the air shower array amounts to 37,080 e
study of extremely high energy cosmic rays by the Telescopen’s shadow in cosmic rays affected by the solar magnetic
Array (TA) group, and the study of very high energy cosmifeld was observed for the first time in 1992, utilizing its gloo
rays and gamma rays by the Tibet AS gamma group. Othargular resolution at multi-TeV energy region. From this ex
activities, such as experiments utilizing the Akeno obaervperiment with better statistics, we expect new informatimn
tory, the Norikura observatory, the Mt. Chacaltaya observhe obtained on the large-scale structure of the solar and in-
tory (jointly operated with Bolivia), and the emulsion-pog  terplanetary magnetic field and its time variation due to the
facilities are closely related to inter-university joirgsearch 11-year-period solar activities.
programs. Also an all-sky high resolution air-shower deiec A new type of detector, called Ashra (all-sky survey high
(Ashra) has been installed on the Hawaii island. The Higksolution air-shower detector), was developed. The first-
Energy Astrophysics Group created in the fiscal year 20@Hhase stations were installed near the Mauna Loa summit in
aims to explore various high energy astrophysical phenamethe Hawaii Island and high-efficiency observation is contin
through theoretical and observational approaches. uing. It monitors optical and particle radiation from high-
The Cherenkov Cosmic Gamma Ray group operates teeergy transient objects with a wide field-of-view.
CANGAROO telescope system, a set of large imaging atmo- The High Energy Astrophysics group is conducting the-
spheric Cherenkov telescopes, to make observations of higjietical researches on fundamental processes respofible
energy air showers originated by TeV gamma rays. The CAMonthermal particle acceleration in various astrophysica
GAROO project started as a single telescope with a relgtivelironments, including first-order diffusive shock accakan,
small mirror (3.8 m in diameter) in 1992. In 1999 a new telesecond order stochastic acceleration in shock downstream r
scope with a 7m reflector has been built, and now it hasgions, modification of shock structure by pick-up interistel
10 m reflector with a fine pixel camera. An array of four 10 nmeutrals, as well as injection processes of suprathernméd pa
telescopes was completed in March 2004 so that more sergds. In addition to these theoretical works, R/D studies fo
tive observations of gamma rays are realized with its stere@dio observations of pulsars and cosmic ray air showers are
scopic imaging capability of Cherenkov light. For further-d also being made.
velopment of Very High Energy Gamma Ray Astronomy, the
Chgrenkov Cosmic Gamma Ray Group is also Worl_<ing_ on t@ANGAROO and TeV Gamma-Ray Projects
design study and development of the next generation interna
tional ground-based gamma ray observatory CTA. CANGAROO-III
At the Akeno observatory, a series of air shower arrays
increasing geometrical sizes were constructed and opkt@te ori]
observe extremely high energy cosmic rays (EHECRS). Tiqne

Akeno Giant Air Shower Array (AGASA) was operated fromCollaboration list:

1991 to January 2004 and covered the ground area of 180 k\ﬂs,t't“te for Cosmic Ray Resgarch, Un|vers[ty of TOkYQ’
as the world largest air shower array. In 13 years of operg'iP@ Japan; School of Chemistry and Physics, University
tion, AGASA observed a handful of cosmic rays exceedirff Adelaide, Australia; Mt Stromlo and Siding Spring Ob-
the theoretical energy end point of the extra-galactic dosm’seryatorles, Australl_an Natlor_1f';1I University, Austr_ahﬁus-
rays (GZK cutoff) at 18°eV. The Telescope Array (TA), atraha Telesco_pe N_atlonaI_Facmty, CSIRQ, Australia; DEQ
large plastic scintillator array with air fluorescence selepes, ment of Radmlog'cal Smences_, Ibaraki Prefectural Ur.wer
has been constructed in Utah, USA, which succeeds AGASHY Of Health Sciences, Ibaraki, Japan; Faculty of Science
and measures the EHECRs with an order of magnitude lardBraki University, Ibaraki, Japan; Department of Physas
aperture than that of AGASA to unveil the origin of supe'an University, Hyogo, Japan; Department of Physics, Ky-
GZK cosmic rays discovered by AGASA. The full-scale T/0to University, Kyoto, Japan; Solar-Terrestrial Envirogmh

has started taking data as the largest array viewing th@ﬂorll_abora_tory, Nagoya University, AiChi’, Japan; National AS-
ern sky. tronomical Observatory of Japan, National Institutes of-Na

An air shower experiment aiming to search for celestidf@ Sciences, Tokyo, Japan; Department of Physics, Tokai

gamma-ray point sources started in 1990 with Chinese phySitiversity, Kanagawa, Japan; Department of Physics, Yama-
cists at Yangbajing (Tibet, 4,300m a.s.l.) and has been sgata U_n|verS|ty, Yamagata, J_apan_; Fac_ulty of Manage_ment In
cessful. This international collaboration is called theeeki formation, Yamanashi Gakuin University, Yamanashi, Japan

ASy Collaboration. An extension of the air shower array Waléaculty of Medical Engineering and Technology, Kitasato

fgpokespersons: R.W. Clay, R. Enomoto, and T. Tani-
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Table 1. Summary of CANGAROO-III observations carried out in the @
fiscal year 2010 (April 2010 to March 2011). A Farmi 30D or flux
q‘E Fermi data fitted funetion
Observation Observation Observation ¢ T S (et anad
! o C-lIl U.L. (padding ana.)
Term Target Time (hr) a1
April 2010 HESS J150%622 23.5 Wb P
June 2010 HESS J156622 20.2 Z T r@//h,,.
September 2010 RX J1713-8946 2.7 G L "a/y
November 2010 Crab Nebula 5.1 | I
December 2010 Crab Nebula 8.2
March 2011 Vela X 6.7 10
B | PRI TY N RS R A | Ll PRt
University, Kanagawa, Japan; Department of Physics, F 107 10° 10° 10" 1 Energy (Tev)

roshima University, Hiroshima, Japan; Department of Basic

Physics, Tokyo Institute of Technology, Tokyo, Japan; Derig. 1. Preliminary 20 upper limits to the TeV gamma-ray flux from 30
partment of Physics, College of Science and Engineerintg, Ri  Doradus in LMC obtained by CANGAROO-III. The red line repre-
sumeikan University; Institute of Particle and Nucleardtu sents the result of the standard analysis, whereas the green line is
. . . that of the analysis with software padding, in which artificial noise
les, ngh Energy Accelerator Research Organization (KEK)’ is added to pixels offline in order to equalize noise levels between

Ibaraki, Japan [1]. on- and off-source data [4]. The gray points represent the fluxes
detected by Fermi LAT [3].

Status of the Project _ , .
CANGAROO s the acronym for the Collaboration OfSeptember 2010. The presentation also included preliminar
Australia and Nippon (Japan) for a GAmma Ray Observ!i@su'ts for the data previously taken from 30 Doradus, which
tory in the Outback. The collaboration started in 1992 with 5 @ Stir_bﬂrSt regtlondlndtge \I;arge 'V'age”af"c (I:IP?Udb(LMCd)
single Imaging Atmospheric Cherenkov Telescope (IACT) fOT (‘;Vb'c an ﬁ;_?nS € deth gng?-ra:ij&%nal as ehe_nh e
3.8 m diameter called CANGAROO-I in the desert area ne}frc ed byFerm : [3], an € SCUIptor disph gaiaxy, whic
Woomera, South Australia (1367E, 31°06'S, 160m a.s.l.). IS a dwarf spherqldal galaxy in the vicinity Of.th? Milley Way
As its third-generation experimental setup, the CANGAROd‘?’alaXy anq po§S|ny causes gamma-ray emission d_ue to dark
Quatter annihilations because of its mass concentratiom-Ho

Il stereoscopic IACT system has been in operation sin - o )
March 2004 with four IACTs of 10m diameter. StereoSVe" M0 statistically S|gn|f|can_t TeV gamma-ray S'gﬂa!“ma
scopic observations of atmospheric Cherenkov light imag gg: df;gg;etg(jmg tSreesi (S)Efv(\:/tsstﬁzduﬂuzrulfrgig l:gnl[fehf?:f
produced by particle showers caused by high-energy pastic ?EJO Dorad - 9 . ith Hrgr i Gev )
bombarding the earth allow effective discrimination of gam rom oradus in comparison with tiieermi GeV: spec
rays from charged cosmic rays which are the overwhelmiﬁrgum'
backgrounds. Two of the four telescopes (called T3 and T4 in
the order of construction) have been used in observatiens,Bibliography
the first and second telescopes have degraded. A stereoscopl] Collaboration website: http://vesper.icrr.
triggering system was installed at the beginning of 2005 and  u- t okyo. ac. j p/ .
has been working properly, rejecting most single muon es/ent
which are the major background component at low energie$2] F. Acero etal., Astron. Astrophys525 A45 (2011).
We are continuing observations of various candidates of c%] A. A. Abdo et al., Astron. Astrophys512, A7 (2010)
lestial gamma-ray emitters on moonless, clear nights. T v ' '

[4] M. F. Cawley, Proc. Towards a Major Atmospheric
CANGAROO-III Observations Cherenkov Detector Il, ed. R. C. Lamb (Calgary), 172

We have carried out six observation shifts in the fiscal year (1993).

2010, which are summarized in Table 1. Relatively strong

TeV gamma-ray sources with hard spectra have been seled®#A Project (Cherenkov Telescope Array)

as observation targets considering dgtgnorated pefrmma[CTA-Japan Spokespersons: T. Totani and M. Teshima]

of the CANGAROO-III system. A preliminary analysis of the laboration list:

data taken in April and June 2010 from the H.E.S.S. unidefg@llaboration list: o

tified gamma-ray source HESS J150822 [2] has been per- Ins.t|tute for Cosmic Ray Researc_h, University of Tokyq,
formed and no statistically significant gamma-ray signa hé:h'ba’ Japan; Department of Phy;lcs, Yamagat_a U|j|vers_|ty,
been found. We therefore estimated preliminary upper Iithamagata’ Japan,_ Faculty Of_ Science, |baraki Un_lversny,
to the gamma-ray flux from HESS J150822, which are Ibaraki, Japan; Institute of Particle anql Ngclear Studitgh _
consistent with the fluxes detected by H.E.S.S. The resui§€rd9y Accelerator Research Organization (KEK), Ibaraki,

were presented in the Japan Physical Society Meeting heldfPan; Department of Physics, Tokyo University of Sci-
ence, Chiba, Japan Department of Physics, The University of
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Tokyo, Tokyo, Japan; Interactive Research Center of Seien
Tokyo Institute of Technology, Tokyo, Japan; Department «
Physics, Aoyama Gakuin University, Tokyo, Japan; Facuity ¢
Science and Engineering, Waseda University, Tokyo, Japi.
Department of Physics, Saitama University, Saitama, Ja
Institute of Space and Astronautical Science, JAXA, Kanig
gawa, Japan; Department of Physics, Tokai University, Kare®;
gawa, Japan; Department of Radiation Oncology, Tokai Ur
versity, Kanagawa, Japan; Faculty of Medical Engineering
and Technology, Kitasato University, Kanagawa, Japan; Faig. 2. Artist view of the CTA observatory. CTA consists of three types
ulty of Management Information, Yamanashi Gakuin Univer- %Itees'zzczze(slrz'ﬁg;n giéiqlﬁ'essiggp%gfome‘ia(?;t)ergn'(\j’”goizg
sity, _Yamgna}shu Japan; Departmen_t of Physms, Nagoya Uni- bro;)d energy band from 20GeV to 100T2v. :
versity, Aichi, Japan; Solar-Terrestrial Environment bad-
tory, Nagoya University, Aichi, Japan; Kobayashi-Maskawa
Institute, Nagoya University, Aichi, Japan; Department of CTA is designed to achieve superior sensitivity and per-
Astronomy, Kyoto University, Kyoto, Japan; Department dformance, utilizing established technologies and expege
Physics, Kyoto University, Kyoto, Japan; Yukawa Institite gained from the current IACTs. The project is presently & it
Theoretical Physics, Kyoto University, Kyoto, Japan; Dépa preparatory phase, with international efforts from Japha,
ment of Earth and Space Science, Osaka University, Japbtg and EU. It will consist of several 10s of IACTSs of three dif-
Department of Physics, Kinki University, Osaka, Japan; Déerent sizes (Large Size Telescopes, Mid Size Telescopds, a
partment of Physics, Konan University, Hyogo, Japan; D&mall Size Telescopes). With a factor of 10 increase in sensi
partment of Physics, Hiroshima University, Hiroshima,alap tivity (1m Crab~ 10~ 1%erg s~ cm~2), together with a much
Hiroshima Astrophysical Science Center, Hiroshima Univebroader energy coverage from 20GeV up to 100TeV, CTA will
sity, Hiroshima, Japan; Faculty of Integrated Arts and Sdbring forth further dramatic advances for VHE gamma ray as-
ences, The University of Tokushima; Department of Appliestonomy. The discovery of more than 1000 Galactic and ex-
Physics, University of Miyazaki, Miyazaki, Japan; Graduattragalactic sources is anticipated with CTA.
School of Science and Technology, Kumamoto University, CTA will allow us to explore numerous diverse topics in
Kumamoto, Japan; Center for Cosmology and Astropartiginysics and astrophysics. The century-old question ofthe o
Physics, Ohio State University, Ohio, USA; Technical Unigin of cosmic rays is expected to be finally settled through de
versity of Dortmund, Dortmund, Germany [1]. tailed observations of supernova remnants and other Galact
objects along with the diffuse Galactic gamma ray emission,
which will also shed light on the physics of the interstellar
CTA Project medium. Observing pulsars and associated pulsar wind neb-

During the past few years, Very High Energy (VHE)lae will clarify physical processes in the vicinity of neurt
gamma ray astronomy has made spectacular progress anddtas and extreme magnetic fields. The physics of accretion
established itself as a vital branch of astrophysics. T@ade onto supermassive black holes, the long-standing puztheeof
this field even further, we propose the Cherenkov Telescopegin of ultrarelativistic jets emanating from them, aslivees
Array (CTA) [2], the next generation VHE gamma ray obsettheir cosmological evolution, will be addressed by extemsi
vatory, in the framework of a worldwide, international @il studies of active galactic nuclei (AGN). Through dedicated
oration. CTA is the ultimate VHE gamma ray observatorybserving strategies, CTA will also elucidate many aspefts
whose sensitivity and broad energy coverage will attainran aghe mysterious nature of gamma ray bursts (GRBs), the most
der of magnitude improvement above those of current Imagnergetic explosions in the Universe. Detailed studiesotf b
ing Atmospheric Cherenkov Telescopes (IACTs). By obsenAGNs and GRBs can also reveal the origin of the highest en-
ing the highest energy photons known, CTA will clarify manyergy cosmic rays in the Universe, probe the cosmic history of
aspects of the extreme Universe, including the origin of thetar formation including the very first stars, as well as jdev
highest energy cosmic rays in our Galaxy and beyond, th@gh precision tests of theories of quantum gravity. Fipall
physics of energetic particle generation in neutron stacs aCTA will search for signatures from elementary particlea-co
black holes, as well as the star formation history of the Unstituting dark matter with the highest sensitivity yet. Rem
verse. CTA will also address critical issues in fundamenttbn of the rich scientific potential of CTA is very much feasi
physics, such as the identity of dark matter particles aed thle, thanks to the positive experience gained from the atirre
nature of quantum gravity. IACTSs.

VHE gamma rays from 100GeV to 10TeV can be ob- The CTA-Japan consortium [1]is aiming at contributingin
served with ground-based IACTs. The history of VHE gammgarticularly to the construction of the Large Size Telessop
ray astronomy began with the discovery of VHE gamma raysSTs) and is involved in their development. The LST cov-
from the Crab Nebula by the Whipple Observatory in 198%rs the low energy domain from 20GeV to 1000GeV and is
To date, the current generation IACTs featuring new teclspecially important for studies of high redshift AGNs and
nologies, such as H.E.S.S., MAGIC, VERITAS, and CANGRBs. The diameter and area of the mirror are 23m and
GAROO, have discovered more than 100 Galactic and ext#00n¥, respectively, in order to achieve the lowest possible
galactic sources of various types. energy threshold of 20GeV. All optical elements/detecters

e
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Fig. 3. Large Size Telescope (23m diameter) designed by Max—
Planck-Institute for Physics. CTA Japan is contributing to the de-
sign and prototyping of the imaging camera at the focal plane, ul-
trafast readout electronics, and high precision segmented mirrors.

quire high specifications, for example, high reflectivitigtn
collection efficiency, high quantum efficiency and ultratfas
digitization of signal, etc. For this purpose, CTA-Japadés
veloping high quantum efficiency photomultipliers, ulasf
readout electronics and high precision segmented mirns.
the strength of their experience gained from constructibn o
the MAGIC telescope, the Max-Planck-Institute for Physics
in Munich is responsible for the design of the 23m diameter
telescope structure, based on a carbon fiber tube space.frame

D=273mm

D=330 mm

D=76 mm

Aluminum D=70,..,130
CF 100mm, 80mm
Steel X100 mm

Fig. 4. Camera cluster for the Large Size Telescope (LST) developed
by CTA-Japan. This cluster consists of seven high quantum effi-
ciency photomultipliers (R11920-100), CW High Voltages, pre-am-
plifier, Slow Control Board, DRS4 Ultra fast waveform recording
system and Trigger. The LST camera can be assembled with 400
of these clusters, cooling plates and camera housing.

The LSTs require very fast rotation (180 degrees/20seQondsg. 5. Prototype of the high precision segmented mirror for the Large
for promptly observing GRBs. Size Telescope (LST) developed by CTA-Japan in cooperation with

The Cherenkov Cosmic Gamma Ray group is also operat-

Sanko Co.LTD. The mirror is made of a 60mm thick aluminum hon-
eycomb sandwiched by 3mm thin glass on both sides. A surface

ing two current observatories; one is MAGIC [4] on La Palma, protection coat consisting of the materials SiO2 and HfO2 will be
Canary Islands, in the Northern hemisphere, and the other applied to enhance the reflectivity and to elongate the lifetime.
is CANGAROO [5] at Woomera, Australia, in the Southern

hemisphere. These two facilities are used not only for scien
tific observations but also for technological development t

Herald, 104 (2011) 333-342.

ward the future observatory CTA. [4] MAGIC Collaboration website: http:// magic.
nppnu. npg. de/ .
Bibliography _ [5] CANGAROO Collaboration website:  htt p:
[1] CTA Consortium  website: htt p: // vwww. /I vesper.icrr.u-tokyo.ac.jpl.

(2]

(3]

cta-observatory.jp/ and http://ww.

cta- observatory. org/. A
Other Activities

Design Concepts for The Cherenkov Telescope Ar-  As a test bench of domestic R & D activities for fu-
ray, The CTA Consortium, (2010), available ature ground-based gamma-ray observatory projects, a used
arxiv1008.3703. Cherenkov telescope of a 3m diameter has been obtained

. and repaired. We have placed it at the Akeno observatory
Status of Very High Energy Gamma Ray Astronomy in November 2010, as shown in Figure 6. Some prototype

and Future Prospects,M. Teshima, The Astronomical . ! .
imaging cameras and electronics systems are planned to be
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construction of the TA was performed mainly by the Grants-
in-Aid for Scientific Research (Kakenhi) of Priority Areas
“The Origin of Highest Energy Cosmic Rays” (JFY2003-
JFY2008) and the US National Science Foundation (NSF).
All the three fluorescence stations started the observation
November 2007. Major construction of the surface detector
array was completed in February 2007, and the array of the
surface detectors started the full operation in March 2008.
The TA is operated by the international collaboration of re-
searchers from US, Russia, Korea and Japan. The main fund
for the TA operation is the Grants-in-Aid for Scientific Re-
search (Kakenhi) of Specially Promoted Research “Extreme
Phenomena in the Universe Explored by Highest Energy Cos-
mic Rays” (JFY2009-JFY2013).

Surface Detector Array

The surface detector (SD) array consists of 507 plastic
scintillators on a grid of 1.2 km spacing. It covers the grdun
area of about 700 kfn

The counter is composed of two layers of plastic scintil-
Fig. 6. 3m Cherenkov telescope installed at the Akeno observat_ory lator overlaid on top of each other. One layer of scintiltato

as a test bench for future ground-based gamma-ray observatories. is 1.2 cm thick and 3 #in area. Light from each layer is

collected by 104 wave length shifter fibers 5 m long, which

installed to this telescope, and test observations will dre ¢ @€ installed in grooves on the surface. Both ends of thesfiber
ried out in the near future. are bundled and optically connected to one photomultifiier
each layer. Power of each SD is supplied by a solar panel and
battery. The communication between SDs and the host at the

TA: Telescope Array Experiment communication tower is performed by wireless LAN.

Spokespersons: Fluorescence Telescope

M. Fukushima / ICRR, University of Tokyo The TA has three fluorescence detector (FD) stations. The

P. Sokolsky / Dept. of Physics, University of Utah fluorescence station in the southeast is located at the Black
Rock Mesa (BRM) site. The southwestern station is located

Collaborating Institutions: at the Long Ridge (LR) site and the station in the north is

. . . ) . located at the Middle Drum (MD) site.
Chiba Univ., Chiba, Japan; Chungnam Nat. Univ., Dae- Twelve reflecting telescopes were newly constructed and

Jjo.n’ gore?; KEhlm.eH_Unl\r/]._, M‘é‘i”{j‘ma’ H.J_apahr_l; Ev\\]/ha Vi\ﬁstalled at each of the BRM and LR stations and cover the sky
niv., Seou’, rorea, Hirosnima LAty Univ., HIrosima, Japa . 30 340 i glevation and 108in azimuth looking toward the
Hanyang Univ., Seoul, Korea; ICRR, Univ. of Tokyo,

. ) L : enter of the surface detector array.
Kashiwa, Japan; INR, Moscow, Russia; IPMU, Unv. of The MD station was constructed using refurbished equip-
Tokyo, Kashiwa, Japan; Kanagawa Univ., Yokohama, Japqﬂé

S . ) . nt from the old HiRes-1 observatory. Fourteen reflecting
KEK/IPNS, Tsukuba, Japan; Kinki Univ., Higashi-Osak a0 : .
Japan: Kochi Univ., Kochi, Japan; Nat. Inst. of Rad. SC?EIGSCOpeS cover the sky of-31° in elevation and 11%4in

X ) . . ) &zimuth.
Chiba, Japan; Osaka City Univ., Osaka, Japan; Rutgers,Univ. We also built a laser shooting facility (Central Laser Fa-

Piscataway, NJ, USA; Saitama Univ., Saitama, Japan; Toké/(i) ) o .
. : ) ifity: CLF), which is located at an equal-distance (20.8%k
City Univ., Tokyo, Japan; Tokyo Inst. of Tech., Tokyo, Japa rom three fluorescence stations for atmospheric monitoe T

T_okyg Un_|v. of Science, Noda, Japan; ULB, Br.ussgls, Be ayleigh scattering at high altitude can be consideredtas+s
gium; Univ. of Utah, Salt Lake City, UT, USA; Univ. of dard candle” observable at all the stations.

Yamanashi, Kofu, Japan; Waseda Univ., Tokyo, Japan; Yonsel A LIDAR (LIght Detection And Ranging) system located

Univ., Seoul, Korea at the BRM station is used for the atmospheric monitoring. It
Overview and Status of TA consists of a pulsed Nd: YAG laser and a telescope attached to
n alto-azimuth. The back-scattered light is received ley th

The TA [1]is the detector that consists of the surface arr L o
telescope to analyze the extinction coefficient along thh pa

of plastic scintillator detectors (a la AGASA) and fluoresce
detectors (a la HiRes). The aim of the TA is to explore thdf the Iaser.. . . . .

origin of extremely-high energy (EHE) cosmic rays by mea- For monitoring the cloud in the nlght_sky, we installed an
suring energy, arrival direction and mass composition.s|t [nfra-red CCD camera at the BRM station, and take data of
located in the West Desert of Utah, 140 miles south of Séﬁe night sky every hour during FD observation.

Lake City (lat. 39.3N, long. 112.9W, alt. ~1400 m). The In order to c_onf!rm abS.O|Ute energy scale of the fluqres-
cence detector in situ, we installed a compact electroratine
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accelerator (Electron Light Source: ELS) [2] at the BRM FD ~ Novoz = . Feb- 11
site. A beam of 1® electrons with energy of 40 MeV and a A ]
duration of 1us well simulates a shower energy deposition
of ~4x10'% eV 100 m away from the station, which corre-
sponds to a shower ef4x10%° eV 10 km away. The cali-
bration is performed by comparing the observed fluorescenc

C G ]
signal with the expected energy deposition calculated by th OM LA W ; | T )% ‘ ]

Observation Time [hr]

GEANT simulation [3]. We began to start up the ELS in June 0
2010, and we shot electron beam vertically up into the atmo ]

UL

55000 55500

MJD

FD Observation Fig. 3. Observation hours per night and integrated observation hours

Sep.3.2010 Beam Shot into the Sky, and Observed by FD for the BRM (upper) and LR (lower) fluorescence detector sites
from November 2007 through February 2011. The horizontal axes
represent modified Julius day (MJD).

sphere from the ELS for the first time and took the images
with FD on September 3rd, 2010. Fig. 1 shows the image
of the pseudo shower by the electron beam together with th
image by Geant MC simulation. o

Observation Time [hr]

Sep.3. 2010 22:00
Observed !!

Energy spectrum

The Auger group and the HiRes group published the re-
sults of energy spectrum, which are consistent with GZK cut-
off with their energy scales determined by the method of flu-
orescence telescope [4, 5]. We present energy spectra using
: three different methods: the MD monocular FD analysis, hy-
Geantd Simulation of 40MeV electron beam . brid ana|ysisi and SD ana|ysis_

Fig. 1. The image of the pseudo shower by the electron beam that Energy spectrum by the MD monocular ED analysis
was shot from the ELS at the BRM FD site for the first time on

September 3rd, 2010 (upper). The image by Geant MC simulation The analysis of monocular FD data at the MD station
(lower). provides a direct comparison between the TA and HiRes en-
ergy spectra. The MD spectrum uses the data collected over
a three-year period between December 2007 and September
Status of TA Observation 2010. The MD spectrum is based on the monocular observa-
Fig. 2 shows the rate of operation of the surface detectalsn technique and is analyzed using the profile-constchine
from May 2008 through March 2011. There were periods fjeometry reconstruction technique developed by the HiRes-
which the fraction of operation decreased because of mainfehe preliminary monocular energy spectrum from the MD flu-
nance and bad weather. The average rate of operation is cleggscence detector is shown in Fig. 4. The TA MD monocular
to 100%. energy spectrum is in good agreement with the HiRes spectra.

Fig. 3 shows the observation hours for the BRM and LRhe details of the analysis of the MD FD data is described in
fluorescence detectors from November 2007 through Febyeg.

ary 2011. We observe during moonless night, and the obser-
vation time per night in winter is longer than that in summeEnergy spectrum by hybrid analysis

The hybrid events which are detected both by FD and SD
are useful to compare the reconstructed results from FD and

100 WWW i 100 . ) |

9 i RN T {9 SD. In addition, we improve the reconstruction of FD events
fg ' | I Ll jz more precisely by using information both of FD and SD for
60 : 60 hybrid events than FD monocular analysis alone. Here we use

(%)

50 50
40 40

tngger/lo4

timing information from one SD. When we use only data of

2 2 the fluorescence detectors, the aperture depends on erfergy o
2 20 primary cosmic rays, but hybrid analysis has the merit that t
p i v aperture is kept constant above'1@V by the size of the sur-

0
Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar
Date

face detector array and the systematic error of the apdrgxe
comes smaller. The hybrid event candidates were searched fo
Fig. 2. The rate of operation of the surface detectors in red and the by the condition that the trigger time difference between FD
integrated number of triggered air shower events in green from .
March 2008 through March 2011 and SD is less than 2Q0s from May 2008 through S_eptember
2009. We found 1978 hybrid events. The effective aperture
after the quality cuts is obtained from the Monte Carlo simu-
lation code COSMOS [7] with QGSJET-II model for pure pro-
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Fig. 4. The preliminary monocular energy spectrum from the TA MD
fluorescence detector (black circles). Green triangles and purple
downward triangles represent those for the HiRes-1 and HiRes-2
detectors, respectively.

ton including calibration factors for the whole period. Tde
posure of the hybrid analysis is approximately¥® m? sr s

above 189 eV, After the reconstruction procedure, 124 events 205
remain above 1%$%° eV. The total systematic uncertainties
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There are two types of fits in SD event reconstruction: the
fit to determine the geometry of the shower and the fit to deter-
mine the lateral density distribution. Monte Carlo dataever
generated by CORSIKA air shower simulation program [9]
with QGSJET-II proton model. The detector simulation with
front-end electronics and trigger was constructed withra
simulation. The fit result of the Monte Carlo data by the pa-
rameters tuned by the observed data is also good in the same
way as that of the observed data.

The basic idea of the energy reconstruction is to use the
charge density at a distance of 800 m from shower cogg)S
as an energy estimator. The correlation gfgSand zenith
angle with primary energy from Monte Carlo study is used
for the first estimation of the primary energy of the data.

We compare the energy scales of FD and SD using hybrid
events. The scatter plot of the energies of well-recongtdic
331 events is shown in Fig. 6. It shows that the energy of SD
is 27% larger than that of FD. We choose the energy scale of
FD, and the SD energy is rescaled by 27%.

2 1 Entries 331

LI L L R N R

»
(=3

are 19% in energy measurement, and 10% in flux from cloud
monitoring. The preliminary energy spectrum from the hglbri
analysis is shown in Fig. 5. The energy spectrum by this anal-
ysis is consistent with the other TA results. The detailshef t

-
=3
o
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hybrid analysis are described in [8].

- TA FD: Hybrid
—&— TAFD: MD
10%

—e—TASD

E% J(E) [eVHm?s/str]
=)
.
| }
ne
-
-
om
L ]
£ 3
I
>
e
o~ —E—
A
—me
—ae
—

| L ]

18 19 20
10 loEnergy [eV] 10

Fig. 5. The preliminary TA energy spectra measured by three differ-
ent methods. Green downward triangles denote the spectrum by
hybrid analysis. Black squares denote the spectrum by the MD
monocular FD analysis. Red circles denote the spectrum by the
data of the surface detectors with “energy scaled to FD energy”.

Energy spectrum by using the data of the surface detec-
tors

Egp. log, (EleV)
=
o

-
=3

&
=]
T T T [T [T [ TT T [T T
|FWEWE PR FERTE FEWT FEwe S

w N B s 45 s N N8
E;p (BR,LR Hyb. lkeda, MD Mono Rodriguez), Iogm(EJeV)

Fig. 6. The preliminary result of the comparison of the energies be-
tween FD and SD. The red line corresponds to Esp = Efrp. The
blue line corresponds to Eqy = 1.27 XEgp.

After the reconstruction procedure, 6264 events with
zenith angles below 45emain. We obtain the energy spec-
trum from the number of events in each energy bin by us-
ing the effective aperture obtained from the Monte Carl@adat
The preliminary energy spectrum is shown in Fig. 5. An ex-
cess of UHECRs exceeding the prediction by GZK, which had
been observed by AGASA in 1998, was not confirmed. We
performed a fit using power laws in three regions, and found
the two breaks at Idg (E in eV) of 19.75 and 18.71, which
correspond to the GZK suppression [10, 11] and the ankle,
respectively. We observed five events above the break point
at 10:%75 eV while the expected number of events along the
continuous spectrum is 18.4. This result provides evidénce
the flux suppression with the significance of&.5'he details

We measure the energy spectrum by using the SD d%tlathe SD analysis are described in [12].

from May 2008 through February 2010. The exposure is ap-
proximately 1500 krf sr yr which is equivalent to the total

exposure of the AGASA.

The obtained preliminary energy spectra by three differ-
ent methods from the TA experiment are shown together with
other experiments in Fig. 7.
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10% 10%° 109 Fig. 8. The preliminary reconstructed Xmax distribution for the TA
Energy [eV] stereo data (points) along with QGSJET-01 Monte Carlo data in
the energy region from 1088 to 10190 eV. The red and blue his-
Fig. 7. The preliminary spectra from the Telescope Array together tograms are the proton and iron predictions, respectively.

with the spectra from other experiments. The green closed down-
ward triangles represent the TA hybrid spectrum, the black closed
squares the monocular FD spectrum from the MD station, and the
red closed circles the TA SD spectrum. The light-blue closed trian-

900

Preliminar

850

gles represent the AGASA spectrum, the blue open squares the 2
HiRes-1 spectrum, the blue open circles the HiRes-2 spectrum, 500 Y 7 4 2]
and the purple open triangles the PAO spectrum. The light-blue < 47 I
dotted bars are 90% C.L. upper limits for the AGASA. iE’g a2 7 533//§/§/“/
N 750 g
Measurement of mass composition by shower 0
maximum depth (Xmax) - FeGESIETO —
The basic idea to determine the mass composition of Fe-SIBYLL 0
UHECRSs is to use the dependence of the atmospheric depth 08 185 19 195 20
of shower maximum on the primary energy and mass compo- log(EreV)
sition.

For composition in EHE region, the Auger data suggestsig. 9. The preliminary result of the average reconstructed Xmax as
gchange toa heavier composition _[13] while the HiRes dgta ahfunction Ofter;tig%yiing:zrglatr?:d?giigass gf t:ri T/r\o Sﬁ;exltﬂ?i
is consistent with constant elongation rate which stays wit ;t:rgst[i)gr: sn?oé)els of QGSJETF-)Ol (solid line) Emd SpIBYLL (dashed
proton [14]. line). The lower set of blue lines are under the assumption of iron.

The data set from November 2007 through September
2010 is used in this analysis. The events observed simulta-
neously at two new FD stations are analyzed for the showskdy are described in [15].
geometry by stereo technique and for the longitudinal devel
opment in the same way as hybrid technique to measure §g5rch for UHE photons

atm_lt_)sphl\iric degth Iofghower maximumrﬁ% CORSIKA wi Several models were proposed for the interpretation of the
e Monte Carlo data are generated by WI"Qrigin of highest energy cosmic rays. There is a possibil-

the particle types of proton and iron, and the mteractlortdmoity that cosmic rays were generated and accelerated in very

els of QGSJET-01 and SIBYLL. The resolution of energy iactive reqi : :
: 0 gion up to highest energy cosmic rays (bottom-up
8% and that 0Kmax is 23 g/cnf at energy around 16° ev model), and were observed at the earth through GZK pro-

fLom hQGS‘]ET'Ol prot(r)]n Mor;t_e Cfarlo sir:null_ati_on.f V;]/e ?_Olt(ijcgess. If highest energy cosmic rays are generated and accel-
that the m_easur_eumgx as a bias from the limit of the field o 5164 ot the sources such as AGN, there is a possibility that
of view. Since this bias also depends on the model, the recQiine photons with energy around ¥0eV are generated by
structedXmax from the observed data and Monte Carlo data 8{& ¢y yant0 production in GZK-type process. It is also ex-

compared by gpplyin_g the same analysis procedure. An %cted that large amount of UHE photons with energy above
ample of the distribution GKmax for the TA stereo data along 119 e\ could be generated by non-accelerated model (top-
W.'th.QG.S‘]ET'Ol Monte Carlo data is s_h(_)wn in Fig. 8. Thgqyn model) such as unknown super-heavy particles. It is ex-
d|§tr|but|on OfXmax Of the observed data is in good agreemerE)tected that UHE photons with energy abové®léV interact

with that of the Monte Carlo data for protons. in deeper atmosphere than UHE hadrons. Then the curvature

The evolution of thg averag¥nax with energy Was Mea- o air shower front of photons around the ground is largentha
sured and compared with the Monte Carlo data in the energy.+ of hadrons

.2 0.0 H H
range from 16 to 107°° eV as shown in Fig. 9. The ob- Fig. 10 shows the curvature of air shower front for the

served TA data are in good agreement with the QGSJET—géta of the surface detectors taken from May 2008 through
pure proton prediction. The details of the mass Compositi}hioher 2009. We obtained the limit on the integral flux of



photons with energy above 10eV to be
3.4x 10 2km2grtyr1

at 95% confidence level as shown in Fig. 11 [16].
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Fig. 10. The preliminary result of the distribution of the curvature of
shower front of UHE cosmic rays (Linsley curvature parameter)
for zenith angle from 45° to 60°. Black points denote the distri-
bution of curvature of the TA data. The histogram corresponds to
the expected distribution of the curvatures for the photons that are
generated by the spectrum with power index of -2.
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Fig. 11. Upper limits on the integral flux of UHE photons for different
experiments: the latest preliminary TA result (TA) in red, TA at
ICRCO09 (TA ICRC) in gray, AGASA (A), Auger (PA), and Yakutsk
).

Arrival directions of UHE cosmic rays

23

We use the 2MASS Galaxy Redshift Catalog (XSCz) [19]
that is derived from the 2MASS Extended Source Catalog
(XSC) with redshifts that have either been derived from the
2MASS photometric measurements or measured spectroscop-
ically. We use the galaxies at distances from 5 to 250 Mpc
and with Ks magnitudes less than 12.5. This catalog provides
the most accurate information about three-dimensionabgal
distribution. We assume that UHECRs are protons. We also
assume that the effects of the Galactic and extragalactic ma
netic fields are approximated by a Gaussian smearing angle.
The flux map calculated with these assumptions at the energy
threshold of 57 EeV is shown in Fig. 12. The rectangular
region around the Galactic centéb|(< 10° and|l| < 90°) is
excluded from the analysis because the underlying galaxy ca
alog is incomplete. We choose an a priori confidence level of
95%, which means that the two distributions are incompatibl
at the 95% C.L. if the KS-test probability (p-value) is sreall
than 0.05. The data both above 40 EeV and 57 EeV are com-
patible with LSS model. For isotropic model, the data above
40 EeV are compatible while the data above 57 EeV are in-
compatible at the 95% C.L. [20, 21]

1=360° 1=0°

Fig. 12. The sky map of expected flux from LSS model together with
observed arrival directions of UHECRs with energies above 57
EeV (green points) in the Galactic coordinates. Darker gray region
indicates larger flux and each band contains 1/5 of the total flux.
The region |b] < 10° and |I| < 90° is excluded from the analysis.
The smearing angle is 6°.

Correlations with AGN

The Pierre Auger Collaboration reported correlations be-
tween the arrival directions of UHECRSs with energies above
57 EeV and positions of nearby AGN [22]. The probability
that the correlations for angular separations less thaht&ag
occurred by chance is 110 3. However, the HiRes group
reported that no correlations have been found [23]. To test
AGN hypothesis, we use nearby AGN from Véron 2006 cata-
log [24], with the cut on redshift@z<0.018. As is seen from
Fig. 13[20], the preliminary TA result is compatible bothtkvi

We present the analysis of UHECRSs for correlations witigotropic distribution and the AGN hypothesis.
the large-scale structure (LSS), correlations with AGN and )
small-scale anisotropy. The analysis is based on the SD dafg@/l-scale anisotropy

collected for zenith angles less than°4om March 2008

through September 2010.

Correlations with LSS

The small-scale clusters of UHECR arrival directions
were observed by the AGASA experiment at the angular scale
of 2.5° [25, 26]. On the other hand, the result of small-
scale anisotropy by the HiRes experiment is consistent with

At large angular scales, the anisotropy in the PAO dagd isotropic distribution [27]. Following the analysis dfet
was claimed [17], and that in the HiRes data was not coAGASA, we used the events with energies above 10 EeV and

firmed [18].

40 EeV. Fig. 14 shows the distribution of separation angles f



24

16

14 4

12 F 9

10 F expectation g
§ 1
z 6f g

data . +
4t +
+ + + +
2F + 4+ + background
0 T T
0 2 4 6 8 10 12 14 16
N tot

Fig. 13. The preliminary result of the correlations with AGN. The hori-
zontal axis is the number of observed events and the vertical axis
is the number of correlated events with AGN. The red crosses are
the TA data. The turquoise shaded area shows 10 region and the
light-blue shaded area shows 20 region. The black solid line is the
prediction from isotropic distribution and the blue solid line is the
prediction from the result of the Pierre Auger Observatory [22].

In the near future, we plan to determine energies of air
showers within total uncertainty of about 10% and measure
the spectrum of UHE cosmic rays precisely by using end-
to-end absolute energy calibration of fluorescence tefesto
with the ELS.

Towards large-scale UHECR observatory, wide attention
has been raised to the detection of UHECR with radio tech-
niques, either passive and active, in addition to the extens
with the surface detectors and/or fluorescence detectons. A
R/D study of the detection of radar echoes from extensive air
showers (EAS) has started by installing a transmitter and re
ceivers at the TA site. The R/D studies of the detection of
bremsstrahlung from EAS are being discussed first by using
the ELS.

A construction of TALE, a Low Energy extension of TA
with the energy range down to 10eV is proposed to investi-
gate the modulation of cosmic ray composition and spectrum
expected by the galactic to extra-galactic transition aieic
ray origins including “second knee” in the iV decade. By

any two cosmic rays with energies above 40 EeV normalizéite TA+TALE project, comprehensive studies on UHE cos-
by solid angle. Then we count the number of pairs separateic rays will be possible for wide energy range from'4®to
by less than 25 For the events with energies above 10 Ee\,0?° eV or above.

we find 311 pairs while 323 are expected for the isotrop
model. For the events with energies above 40 EeV, we fi

,ﬁjbliography

one pair while 0.8 are expected for the isotropic model. Nd1] H. Kawaiet al. (Telescope Array CollaborationNucl.

significant autocorrelations (clustering) at small scalese
found in the data sets [20, 28].
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isotropic model. Error bars represent the Poisson upper and lower
limits at 68% C.L.
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have a D-PMT. A 0.5 cm thick lead plate is put on the top
of each counter in order to increase the counter sensityjity
converting gamma rays into electron-positron pairs in ac-el
tromagnetic shower. The mode energy of the triggered events
in Tibet Il is 10 TeV.

In 1996, we added 77 FT counters with a 7.5 m lattice in-
terval to a 5,200 rharea inside the northern part of the Tibet |1
[26] M. Takedaet al., J. Phys. Soc. Jpn (Suppl.) B 70(2001) array. We called this high-density array Tibet HD. The mode

15. energy of the triggered events in Tibet HD is a few TeV.

In the late fall of 1999, the array was further upgraded by
adding 235 FT-counters so as to enlarge the high-densigy are
from 5,200 nf to 22,050 M, and we call this array and further
upgraded one Tibet llI. In 2002, all of the 36,908 area was
covered by the high-density array by adding 200 FT-counters
more. Finally we set up 56 FT-counters around the 36,990 m
high density array and equipped 8 D-counters with FT-PMT
in 2003. At present, the Tibet air shower array consists df 76
. FT-counters (249 of which have a D-PMT) and 28 D-counters
Experiment as in Fig. 1.

The Tibet air shower experiment has been successfully op- The performance of the Tibet air shower array has been
erated at Yangbajing (981' E, 3006’ N; 4300 m above sea ye|| examined by observing the Moon’s shadow (approxi-
level) in Tibet, China since 1990. It has continuously madenara»[e|y 0.5 degrees in diameter) in cosmic rays. The deficit
wide field-of-view (approximately 2 steradian) observatid  map of cosmic rays around the Moon demonstrates the angu-
cosmic rays and gamma rays in the northern sky. lar resolution to be around 0.t a few TeV for the Tibet Il

The Tibet | array was constructed in 1990 and it was gragrray. The pointing error is estimated to be better thaaTL,
ually upgraded to the Tibet Il by 1994 which consisted qfy displacement of the shadow’s center from the apparent cen
185 fast-timing (FT) scintillation counters placed on a 15 Ry in the north-south direction, as the east-west compisfen
square grid covering 36,9004nand 36 density (D) countersthe geomagnetic field is very small at the experimental site.
around the FT-counter array. Each counter has a plastie sqifh, the other hand, the shadow center displacement in the east
tillator plate of 0.5 i in area and 3 cm in thickness. All the\yest direction due to the geomagnetic field enables us te spec
FT counters are equipped with a fast-timing 2-inch-diametgqoscopically estimate the energy scale uncertainty less t
photomultiplier tube (FT-PMT), and 52 out of 185 FT coun=z12 o
ters are also equipped with a wide dynamic range 1.5-inch- Thanks to high statistics, the Tibet air shower experiment
diameter PMT (D-PMT) by which we measure up to 500 pajntroduces a new method for energy scale calibration other
ticles which saturates FT-PMT output, and all the D-coutefhan the conventional estimation by the difference between
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the measured cosmic-ray flux by an air shower experiment araimination of the individuaj-rays was made by comparing
the higher-energy extrapolation of cosmic-ray flux meadurehe transition curve of the optical density of the showertspo
by direct measurements by balloon-borne or satellite expewith electromagnetic shower theory. Such procedure of the
ments. energy determination using X-ray films was calibrated using
200 GeV electron beam at FNAL. A bundle of high eneygy
rays from successive nuclear interactions of the primast co
mic rays in the atmosphere is callgefamily, which can be
Our current research theme is classified into 4 categoriedétected by spatial reconstruction of the shower spots+eg
tered on X-ray films with angular resolution of 2.5They
(1) TeV celestial gamma-ray point/diffuse sources, are reconstructed as groups of parallel tracks with typatal
eral spread of at most several cm among uncorrelated single
(2) Chemical composition and energy spectrum of primatyacks, which are dropped off as background. The assignment
cosmic rays in the knee energy region [3], of ayfamily to an accompanied AS was made through the po-
sitional correlation between the X-ray film and the sciatilir,
(3) Cosmic-ray anisotropy in the multi-TeV region with highand the correlation between the burst and air shower was made
precision[4], by their time stamps. The arrival directions obtained frdm a
shower and the reconstruction of the shower spots were also
(4) Global 3-dimensional structure of the solar and inteused to uniquely determine the air shower candidate.
planetary magnetic fields by observing the Sun’s shadow in Such y-family events are more efficiently generated by
cosmic rays. light primaries than the case of heavy primaries because of
the penetrating nature in the atmosphere. Therefore, the AS
o ) .. core detectors can select the air showers of light primairy or
We will introduce a part of the results obtained in this f'sgin naturally. The contamination of the events of heavy eiucl
cal year. o _ origin was estimated using Artificial Neural Network (ANN)
The first topic is on the knee-physics-related one. based on extensive Monte Carlo simulation of air showers
‘We use the air shower array to measure the energy a?:RIQC) assuming interaction models and primary models us-
arrival direction of each air shower. The primary energy qf,g CORSIKA code. Two interaction models of QGSJET and
each event is determined by the shower Sigewhichis cal-  ggy|| are used in estimating the efficiency of thdamily
culated by fitting the lateral particle density distributim the generation, and also two mass composition models of proton
modified NKG structure function. The energy resqlutior? iSominant (PD) and heavy dominant (HD) are used to appreci-
less than 20% for the knee energy range. The arrival diregs the contamination rate of heavy primaries. The effigienc
tion of an air shower is determined as follows. The directiogs e family generation for various primary nuclei and its e
cosine of the shower axis is determined using a least SqQUgf§y dependence is calculated by MC and used for obtaining
method where the difference is minimized between the drrivg o primary proton and helium fluxes. For example, the effi-
time signals of each FT counter and the expected values Qancies by protons at the knee energy 4 PeV in phase | experi-
the assumed cone with a given direction cosine. This prgsent are about 7 % and 10 % by QGSJET model and SIBYLL

cedure determines the arrival angle with an accuracy smallfoge|, respectively. ANN is also used in procedures to abtai
than 02° at energies above beV. The core detector WaS proton and helium spectra. Phase | experiment selected 177

designed to detect the high-energy particles at the AS opre ;pfamily events with core energy E, > 20 TeV and AS size
converting them into electromagnetic cascade showersu)buq\le ~ 2% 10P.

using lead absorber of 160 cmS0 cminareaand 7.cm (in - |, the second phase experiment, X-ray films were not used
Phase I) or 3.5 cm (in Phase I1) in thickness. The burst sizg q proton+helium (P+He) spectrum was studied without sep-

under the lead plate was measured by scintillation Count%ﬁ%tingthem but with higher statistics than that of phaséé

of the same size as the lead plate in area and 2 cm in thigkse detector was tuned to decrease the detection threshiold

ness. Four photo-diodes were mounted to the each comegy of the AS core to have several times higher efficiency.
the scintillator whose attenuation length for the sciatitin The energy spectrum of all particles was obtained as

light was calibrated with electron beam. From the 4 photQnqn in Fig. 2 together with other data. The uncertainty of
diode signals, we can estimate the burst size and the positige apsolute intensity due to the interaction models used in
of the burst center with spatial resolution of 10 cm. One hug; analysis is shown by QGSJET and SIBYLL (10 % differ-
dred core detectors were used (total area is thmdetect ence at most). The uncertainty due to the assumed primary
burst size greater than>§104. The study of the primary mass 555 composition is also shown by HD and PD. Although the
composition was made in two experimental phases. In the fifg§mnosition is fairly different between HD and PD models at
phase, 6 layers of X-ray films were placed between lead plaigsergies above 1BeV, the difference of the absolute intensity
with 1 cm depth interval to register the development of Showgs 5o at most between the two models and it decreases with
spots induced by high-energyand electrons (hereafter abbreincreasing primary energy. Note that the shapes of the spect

viated asy-rays) over a few TeV which are incident upon thgrom gifferent models are almost the same and the position of
detector, and detailed analysis on the structure of theémgh 10 knee is clearly found at the energy around 4 PeV.

ergy core has been made with use of image scanner in 2004 £y, the second phase experiment of air shower core ob-
to obtain proton and helium spectra in 2006. The energy dgsryation, the energy spectrum of P+He was obtained with

Physics Results



27

10¢ T T T T 1018 .
QGS+HD —e—
SIB+HD - @
= " — +
5 i %"!8 o T Global+X
o T :gti.i =) S
e ;
N$ 4 M .éE 8 1017 3
‘E Grigorov i - 80* N'”
w N okl =
L 1 KASCADE-QGS & LS T3 o
o oo -
o o Oapx >
m BASJE2004 i og ®
L 113 9,
<] 2. o w
3 Akeno ¥ T e, T 10%6 |
& Akeno arrayl +--o--- L XN =]
W Akeno array20 :--e §%° e 0
Tibet3-QGSJET+HD ° 7 oo o
oo 9 w
1gp L_Tibet3-SIBYLLHD e ) ) °
10 10° 10° 10’ 10° 10° 5 3
Primary Energy [GeV/particle 10 X X X X
y gy [GeVip ] 103 104 1015 10%6 107 1018

Primary Energy [eV/patrticle]

Fig. 2. All particle spectrum obtained by Tibet Ill. The results from
three models of QGSJET+HD, QGSJET+PD, and SIBYLL+HD

adopted in the analysis are shown. Fig. 4. Model A:Sharp knee is attributed to extra component (dashed

line) from nearby source. Solid red line represents sum of the
global component and the extra component.

10
QGSJET . .

T 1001 ponent around 1§ eV are; (1) The power index is steeper

Q gﬁﬁﬂ% than that of all-particle spectrum before the knee, sudgugst

fg ’“EEDDDD . that the light component has the break point at lower energy
1 10° BESS + ‘Eh % than the knee. (2) The fraction of the light component to the
8 M "’f%% all-particles is less than 30 % which tells that the main comp
3L, JACEE o L nent responsible for the knee structure is heavier thamimeli

W 0T AsCaDE e The features of the energy spectrum and primary mass com-

TibetBD e position obtained by Tibet experiment can be interpreted by
10t by Thework e L two scenarios of the origin of cosmic rays.
10° 100 10° 10" 10° 10 107 10" 10 Model A : Sharp knee is caused by extra component from

Eneroy [Geviparticle] nearby source(s) as first pointed out by single source model.
Figure 4 shows that the sharp knee of the all-particle spectr
Fig. 3. P+He spectrum obtained by AS core observation (black closed ~ can be reproduced by adding extra component around the knee
circle). over the global component which can be calculated as diffu-
sive cosmic rays originating from multiple sources. The en-

. - ; : ergy spectrum of the extra component can be approximated by
high statistics and in good agreement with phase | as sho ~2exp(—E /4PeV), which is close to the source spectrum

in Fig. 3, in which QGSJET model was used for the anal expected from diffusive shock acceleration (DSA) mechanis

sis. Use of SIBYLL model results in about 30 % lower inten-

sity than that of the QGSJET analysis There is a problem %ﬁ‘ COSMIC rays. .A possible epranaU_o_n Of. such extra compo-
nent together with the knee composition is to assume nearby

discrepancy between Tibet and KASCADE data as Shovvns|8urce(s) dominated by heavy elements such as type la SNRs

Fig.3, e.qg., the flux of the light nuclei by KASCADE is hlgherOr pulsars.

than Tibet by more than a factor of 2. However, if SIBYI‘I‘Model B : The knee is due to the characteristics of the DSA

model is used in the analysis of KASCADE, the difference be- o . . .
mechanism in which nonlinear effect plays an important role

tween two data is much reduced. This fact does not necessar-" ..~ .
resulting in hard source spectrum of cosmic rays near accel-

ily mean that SIBYLL model is more preferable to explain the

data at this energy range. KASCADE reported that QGS\]Iﬂ'at.I(.)n limit energy. F|gur(_e 5 shows th_e primary mass com-
osition calculated by nonlinear model in which it is assdme

model explains high energy data better than SIBYLL, on t - .
other hand, SIBYLL model is better at lower energies. Thisﬁa:nheen?éy elements are more efficiently accelerated tgan |
problem is related to the interac_tion model de_pendence of This model predicts the rigidity-dependent hardening of
caIcuI_atlons and ‘.""SO to the dnfferent experlmental mei;ho_grhe energy spectrum before the knee and heavy elements dom-
used in two expenm_ents. The Tibet experiment observes h'ﬁ’]ate at the knee and beyond. Recent direct observations of
energy part of the air showers, namely, the _most fo_rvvard "XT1C and CREAM reported hardening of the energy spectrum
gion of the center of mass system (CMS) of interacting partl:'y g2 14 6y region and model B seems to be favorable to
gles, .Wh'le. KASCADE experiment opservﬁgf N, correla- afcount for these data. It is also possible that both of nsodel
tion, in which the muon component is sensitive to the centrg and B contribute to the structure of the knee

region of the CMS. The model dependence in forward region The second topic is related to cosmic-ray a.nisotropy

is about 30 % as studied by Tibet, but that of central region Past cosmic-ray experiments that observed cosm.ic-ray

seems to be as large as a factor of 2. anisotropy in the sidereal time frame consistently repbitat
Remarkable features of the energy spectrum of light com- Py y
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In Eq.(3), the orientationd>, &) denotes the reference axis

Grigorov ~ + . K
SOKOE of the BDF, anday the amplitude of the BDF. The UDF is
RUNJOB decomposed into two; one that is parallel to the BDF and has
ATIC-1 0O . . .
ATIC-2 an amplitude ofy, and the other that is perpendicular to the
GREmvs o BDF, parallel to the axisds, &), and has an amplitude af .
Tibet SIBYLE o The x1 denotes the angular distance of the center of tbe)
HESSQeE pixel measured from the reference axig (d1), and thexs

denotes that measured from the axis,(d,). Fig.6(b) shows
the anisotropy map reproduced by attempting to fit Fig.6(a)
with 184 alone. Although Fig.6(b) successfully reproduces
the global “tail-in” and “loss-cone” structures, there rains
the midscale anisotropy as can be seen in Fig.6(c). I*rme

12 s

0 : : : s . - . . -
1012 108 10 10 10'® 10 10'® incorporated to model the residual midscale anisotropsiis
Primary Energy [eV/patrticle] pressed as:
: : : : (Ghm— ®)?
Fig. 5. Model B:Nonlinear effect in the DSA mechanism can ex- Ir':/lrﬁ: biexp| ————— | +
plain the structure of the knee when high acceleration efficiency ’ 2 (Zp

for heavy elements is assumed.

2 2
vewn( - @250 oo J). o
in the anisotropy there are two distinct broad structureth wi % %

an amplitude of-0.1%; one is a deficit in the cosmic-ray flu
called “loss-cone”, distributed around 15t 240 in Right
Ascension, and the other an excess called “tail-in”, disted
around 40 to 9C° in Right Ascension. Recent undergroun(g
muon and air-shower experiments are studying the anisptr
in great detail at multi-TeV energies. It is considered that
anisotropy of galactic cosmic rays at TeV energies reflérs t“longitude" of the center of ther( m) pixel measured from the
structure of the local interstellar magnetic field surroimgd

the heliosoh ) the traiectori t ch d >~ heliotail direction and its “latitude” measured from thesbe
€ heliosphere, Since e trajeclores ot chargea COSayE I g, plane, respectively. Fig.6(e) and (f) show the reprodice

el . . g
: ) . . 2 “anisotropy and the residual anisotropy when we fit Fig.6(a)
field while they are traveling through the interstellar medi With I%Jr Ir%_ ThelMA extracted from Fig.6(e) is shown in

The air-shower events collected during the per_iod frorig'gﬁ(d). Note that the obtained best-fit plane along whieh t
November 1999 through December 2008 (1916 live day A is assumed is fairly consistent with the Hydrogen Deflec-

are used for analysis. After our standard data selection ; .
4.5x101° events are left with a modal energy of 7 TeV. ®n Plane (HDP) suggested by Gurnett et al. which contains

Th . ¢ " tob ted foris th ihe directions of the interstellar wind velocity and theeint
€ main systematic errorto be accounteatoris the ampge, magnetic field upstream the helionose; the angle dif

tude of the anisotropy observed in the anti-sidereal timenfs ference between the direction normal to our best-fit plare an

(364.2422 cycleslyr), because a possible seasonal cheﬁngﬁqgt to Gurnett's HDP is only 2°1 The best-fit parameters in

the solar daily variation due to solar activities might prol-%q.(3) and Eq.(4) are listed in Table 1.

duce a spurious variation in the sidereal time frame, whic The GA can be interpreted as follows (for details. The
can be estimated by the daily variation observed in the aq%—cal interstellar space of scale2 pc surrounding the he-
sidereal time frame. The root mean square of the anti-sidler osphere would be responsible for the GA. The BDF is pro-

anisotropy in each declination band is calculated and ad &-ed by cosmic rays drifting parallel to the Local Inteliate

0 th%statﬁt'cﬁll etrrorfbor tge ;lr(]jerea_l agl_so{rop)_/ n:htber;;at_ Magnetic Field (LISMF) line into the heliosphere from out-
sponding declination 3”0 . own In +1g- (2) is the r Aide the Local Interstellar Cloud surrounding the heliegph
intensity map obtained in°5< 5° pixels, which we model in

terms of two components as: The UDF, perpendicular to the LISMR{, > a;) with an

' amplitude comparable to that of the BD& ( ~ ay|), can be

Inm = |E§n+ |r'¥,'r/37 (2) produced by a diamagnetic drift arising from a spatial dgnsi
' ' ' gradient (On/n) of galactic cosmic rays in the LISMF.

wherel S andI Y7, respectively, denote the intensities of the A sketch of a possible mechanism for the MA is shown in
Global Anisotropy (GA) and the Midscale Anisotropy (MA)Fig.7(a). During the period of the data we analyzed, the ori-
of the (, m) pixel in the equatorial coordinate system. Thentation of the magnetic field in the heliotBilejio is directed
GA component 34 is written as the combination of a uni-toward (away from) the Sun in the northern (southern) hemi-

)\Nherebl and b, denote the amplitudes of the two excesses
along the best-fit plane with the heliotail direction on ibttp

f which are symmetrically centered away from the heliotail
irection by an anglep along the plane. The, andgg de-

%Rote the widths of the excesses parallel and perpendiaular t

the best-fit plane, respectively. Tlggm and 6, m denote the

directional flow (UDF) and a bi-directional flow (BDF): sphere. Suppose, for simplicity, that tBgeji, Surrounding
GA _ the solar system is uniform within the spatial schaleoward
lnm = @& cosxi(n.m:ay, o) the heliotail direction. Then the uniforBejio bends the tra-
+ay) cosxz(n,m: az, &) jectories of cosmic rays propagating along the HDP from the

+ay co X2(N,m: a2, 5). (3) heliotail direction, leading them to the solar system. Aslien



geometrical consideration gives the following relation: B e s Ll
N

L[AU] = R_[AU] sin® 5
= 206(E [TeV]/Bhelio [UG]) SIN®, (5) R =

whereR_ is the Larmor radius of cosmic rays with energy =g, s = — I

E in Bhelio. This equation implies that sih 0 1/E if L is © \ fl/ (TR e i SO A R e
independent of energy. The observed energy dependence ot~ T T T
sin®, shown in Fig.7(b), gives the following function:

Fig. 6. Two-dimensional anisotropy maps of galactic cosmic rays ob-

sin® = (0.68+0.04) (E/10 [TeV])fO‘ZOiO‘OS, (6) served and reproduced at the modal energy of 7 TeV. Each panel
shows the relative intensity map or the significance map in 5° x 5°
suggesting. [ E®8. This energy dependencelofmight result pixels in the equatorial coordinate system.

(a): the observed cosmic-ray intensity (Iﬁ?,ﬁ), (b): the best-fit Global

from actual complex spatial structuresBfjio. These struc- Anisotropy (GA) component (14), (c): the significance map of the

tures could be identified in the future by studies onthe cosmi 5/ anisotropy after subtracting I18A from 19 (d): the best—
ray traqsport |theIio_ bY means of_Magneto-Hydrodynaml_c fit Midscale Anisotropy (MA) component (IM2), (e): the best-fit
simulations. Substituting Eq.(6) into Eq.(5) and assuming ga+ma components (IGA +1M4) "and (f): the significance map of

,m

Bhelio = 101G, the following equation holds: the residual anisotropy after subtracting 1S+ 1Y from 1955,
The solid black curves represent the galactic plane. The dashed
L [AU] = (140+8) (E/10 [Tew)o.80i0.087 (7) black curves represent the Hydrogen Deflection Plane reported by

Gurnett et al. and Lallement et al. The heliotail direction (a,d)

i P i . = (75.9°, 17.4°) is indicated by the black filled circle. The open
Eq'(7) |mpI|es that in the energy range 0+-80 TeV Bheiio cross and the inverted star with the attached characters “F” and

within ~70 AU to N340 AU from the Sun is responsible for .« represent the orientation of the local interstellar magnetic field
the MA. The MA being placed along the HDP suggests that (LISMF) by Frisch and by Heerikhuisen et al., respectively. The
it possib'y Originates from the modulation of ga|actic cosm open triangle with “B” indicates the orientation of the best-fit bi-di-
rays inBreiio. Another candidate for the heIiospheric signa- rectional cosmic-ray flow (BDF) obtained in this analysis.

ture could be the excess region first reported as the “hafspo

by the Milagro experiment. This region corresponds to theyture Plans

pixel in Fig.6(a) centered at (72,517.5), close to the helio- (1) Gamma-ray astronomy in the 100 TeV region

tail, observed with the highest significance 9308mong all We have a plan to construct a large 10,000 n?x1.5m

the pixels. The excess region is so_colllmated that it is di eep) underground( 2.5 m soil+concrete overburden) wa-
ficult to construe it as a cosmic-ray inflow along the neutr

r Cherenkov muon detector array (Tibet MD) around an ex-
sheet that separat8ejio between the northern and SOUthe”t‘ended version (Tibet AS»83,000 r?) of Tibet Iil. By Ti-

hemispheres. The Milagro experiment reported that the-“h et AS + MD, we aim at background-free detection of celes-

spot” has a localized spatial extension with a half-width qf point-source gamma rays in the 100 TeV region (10 TeV —
2.6°+0.3° and a half-length of ° +1.1°. It should be noted

h hat the si f h I | , ]]000 TeV) with world-best sensitivity and at locating the or
ere that the size of such a small-scale structure Is grealing of cosmic rays accelerated up to the knee energy region

susceptible to the si.ze and shape of the analysis win.dow R'the northern sky. The measurement of cut off energies in
background estimation to subtract the large-scale awigptr energy spectra of such gamma rays in the 100 TeV region
superposed on the structure. may contribute significantly to understanding of the cosmic
ray acceleration limit at SNRs. Search for extremely difus
Other Activities gamma-ray sources by Tibet AS + MD, for example, from

This group has developed and completed several autBe galactic plane or from the Cygnus region may be very in-
matic measuring systems that are powerful for analyzing cdgguing as well. Above 100 TeV, the angular resolution of
mic ray tracks or air shower SpOtS, that is’ automatic mi:lbet AS with 2-steradian wide field of view is 0.2nd the
crodensitometers, precise coordinate-measuring systechs hadron rejection power of Tibet MD is 1/10000. The proposed
image scanners controlled by a computer. Enormous ddt®et AS + MD, demonstrated in Fig. 8, has the world-best
recorded on nuclear emulsion plates or X-ray films are rgpidfensitivity in the 100 TeV region, superior to HESS above 10-
and precisely measured by the use of these measuring $@-TeV and to CTA above 30-40 TeV.
tems. Then, how many unknown/known sources do we expect

The emulsion-pouring facilities can meet the demands f&t detect by Tibet AS + MD, assuming the energy spectra
making any kind of nuclear emulsion plates which are uséd the gamma-ray sources extend up to the 100 TeV region?
for cosmic ray or accelerator experiments. The thermastaffleven of the HESS new 14 sources discovered by the galac-
emulsion-processing facilities are operated in order tettg  tic plane survey in the southern sky would be detected by Ti-
nuclear emulsion plates or X-ray films. Using these faeiifi bet AS + MD, if it were located at the HESS site. As no ex-
it is also possible to make and develop emulsion pellicles iinsive search has been done by an apparatus with segsitivit
600um thickness each. In this way, these facilities are openg@mparable to HESS (1 % in unit of RX J1713.7-3946/50-

all the qualified scientists who want to carry out joint resa hour observation) in the northern sky, we expect to discover
program successfully. some 10 new gamma-ray sources in the northern sky. In ad-
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Table 1. Best-fit parameters in Eq.(3) and Eq.(4) for the 2D galactic-cosmic-ray anisotropy map observed at 7 TeV.

Global Anisotropy (GA)

a1 (%) ay (%) ay)| (%) a1(°) (%) a2(°) %(°)
0.139+0.002 0.00A4-0.002 0.1310.004 33.3:1.1 38.4+1.2 279.940.9 -26.7+2.0
Midscale Anisotropy (MA)
by (%) b2 (%) (%) 0(°) @ (%)

0.1544+0.018 0.092:0.006 24.5-1.1 10.7£0.8 49.2+1.4
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Fig. 7. (a): a possible mechanism for the Midscale Anisotropy. (b): the observed energy dependence of sin®.

dition to unknown point-like sources, we expect to deteet es }
tablished sources in the 100 TeV region: TeV J2032+4130, |
HESS J1837-069, Crab, some new Milagro sources, Mrk421,
Mrk501 are sufficiently detectable and Cas A, HESS J1834-
087,LS I+63 303, IC443 and M87 are marginal.

Furthermore, our integral flux sensitivity to diffuse
gamma rays will be the world-best as well. The diffuse
gamma rays from the Cygnus region reported by the Milagro
group and also diffuse gamma-rays from the galactic plane
will be clearly detected. Diffuse gamma-rays of extragatac
origin may be an interesting target as well.

ez Mol
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In fall, 2007, a prototype underground muon detector, { ekt ey,
composed of two 52fwater pools, was successfully con- | I o B oo 2 i
structed in Tibet to demonstrate the technical feasibitiost 1L
estimate, validity of our Monte Carlo simulation. Preliraiy
analysis indicates that our MC simulation reproduces ratd d
quite reasonably. Fig. 8. Tibet AS + MD (red curve) integral flux sensitivity (50 or 10

In 2010, construction of roughly one-third of the full-sgal ~ events/1yr) for a point source.

MD started and the concrete-based water pools were success-
fully completed, as in Fig. 9. The data-taking of the Tibét Il
and the partial MD will is scheduled in 2011.

ey (Tavh

than helium. The next step is to identify the chemical com-

ponent making the knee in the all particle energy spectrum.

(2) Chemical composition of primary cosmic rays mak- We have a pIan_to install an air shower core_detector array
(1000 to 5000 rhiin area) around the center of Tibet |1l to dis-

ing the knee in the all-particle energy spectrum U . .
We have measured the energy spectra of primary cosmﬁ' 1guish the heavy component making the knee by measuring

ray protons, heliums, all particles around the knee en&sgyll e difference in lateral distribution of energetic air sleo

gion. The main component responsible for making the kn%gres. This will be the first experiment to select_ively measu
structure in the all particle energy spectrum is heavielgiuc & energy spectrum of the heavy componentin the knee en-
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Japan; Max-Planck Institute foer Physik, Munich, Germany;
Shonan Inst. of Technology, Fujisawa, Japan; RIKEN, Wako,
Japan; School of General Education, Shinshu Univ. Mat-
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China.
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the light collectors in 2008. By analyzing the accumulatelfleV cosmic rays; For fluorescence lights from VHE cosmic
data from optical observations, we have already searched fays the effective light gathering efficiency is comparable
early optical emissions in the field of GRB081203A [6] andvith that of the High Resolution Fly’s Eye detector (HiRes).
GRB100906A [7] around the Swift/BAT-triggered GRB timeThe arcmin pixel resolution of Ashra provides finer images
Furthermore, we reported [8] the first observational sefoch of longitudinal development profiles of EeV cosmic ray
tau neutrinos \{;) from gamma-ray bursts (GRBs) using th€EeV-CR) air showers. The resolution of arrival direction
light collector facing Mauna Kea. The earth-skimming with the stereo reconstruction is thus significantly immdv
technique of imaging Cherenkavshowers was applied as aand it is better than one arcmin for the primary energy of EeV
detection method in this search. We set stringent uppetdimand higher [10]. This is useful to investigate events cheste

on thev; fluence in PeV—EeV region for 3780 s (between 2.88round the galactic and/or extragalactic sources. Thigrim t
and 1.78 hr before) and another 3780 s (between 21.2 and 22dlild give us information as to the strength and coherence
hr after) surrounding th8wift trigger time of GRB081203A. properties of the magnetic field.

This first search for PeV-EeV; complements other experi-

ments in energy range and detection method, and implies ®&/-EeV neutrinos; Ashra may detect Cherenkov and/or
prologue of “multi-particle astronomy” [9] with a precised fluorescence signals generated from tau-particle induced

termination of time and location. air-showers that is generated from interactions of tau neu-
_ trinos with the mountain and/or the earth. This is identified
Project by peculiar geometry of the air-shower axis. The 1-year

The observatory will firstly consist of one main station havdetection sensitivity with the full configuration of Ashra
ing 12 detector units and two sub-stations having 8 and 4 de-5 and 2 times larger than the Waxman-Bahcall limit for
tector units. One detector unit has a few light collecting-symountain-produced event (Cherenkov) and earth-skimming
tems with segmented mirrors. The features of the system wesgnt (fluorescence), respectively. The most sensitiveggne
studied with a prototype detector unit located on Haleakalsf around 100 PeV is suitable for the GZK neutrino detection.
The main station was constructed on Mauna Loa (3,300 m) in
2007. The expected performance for each observational object
The key technical feature of the Ashra detector rests @ summarized in Table 1. An example of a 42-degree FOV
the use of electrostatic lenses to generate convergentsbeaage taken by the Ashra light collector is shown in Figure 1.
rather than optical lens systems. This enables us to realize
high resolution over a wide field of view. This electron optic
requires:

081128 UT 07:43:07.21 DSC_8000_n.fits

e image pipeling; the image transportation from imaging 2000
tube (image intensifier) to a trigger device and imagea.

sensors of fine pixels (CCD+CMOS), with high gain > "**

and resolution, and 1600

e parallel self-trigger: the systems that trigger separately 400

for atmospheric Cherenkov and fluorescence lights. 2200

Observational Objectives 1000
optical transients; Ashra will acquire optical image every 6
s after 4-s exposure. This enables us to explore optical trar
sients, possibly associated with gamma ray bursts (GRBs
flares of soft gamma-ray repeaters (SGRS), SUPErnove .4
explosion, and so on, in so far as they are brighter ian13

mag, for which we expect & signals. The unique advantage

is the on-time detection of the events without resorting to I R e Py S e o
usual satellite alerts. R0 events per year are expected in X [pix]
coincidence with the Swift gamma-ray events. The field of

view that is wider than satellite instruments allows to dete
more optical transients, including an interesting poéisjbi
for an optical flash, not visible with gamma rays.

200

Fig. 1. Example of a 42-degree FOV image taken by the Ashra light
collector. The solid lines are drawn to indicate constellations.

TeV gamma rays, Atmospheric Cherenkov radiation will be )
imaged by Ashra. Requiring the signal-to-noise ratio (SNFite Prepgr_atlc_)n _
5, the system will allow to explore VHE gamma-ray sources After finishing the grading work for the area of 2,418 m

with the energy threshold of several TeV at the limiting fluat the Mauna Loa site at the end of July 2005, installation
sensitivity of 5% Crab for 1-year observation. of electrical power lines and transformers was performed un

til the beginning of September. We started the construction
of the detector in October 2005 after receiving materiadsir
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Opt. Transients TeV-y Mountainv Earth-skimmingy EeV-CR
B-UV Cherenkov Cherenkov Fluorescence Fluorescence
A=300~420nm several TeV afew 100 TeV afew 10 PeV afew 100 PeV
15 mag./4s @8 | 5% Crab/lyr@% | 5 WB-limit/1yr 2 WB-limit/1yr 1600/1yr>10 EeV
2 arcmin 6 arcmin unknown 3 arcmin @ 100 PeVf 1 arcmin @ 10 EeV,

Table 1. Summary of performance with the full configuration (Ashra-2) of three Ashra sites. Detected light, energy threshold, sensitivity limit,
and angular resolution are listed from top down for each objective. For EeV-CRs, trigger requirement is two or more stations. Waxman
and Bahcall have calculated a neutrino flux upper limit from astrophysical transparent source, here referred to as the WB-limit. For the
observation time for objectives other than optical transients, the realistic detection efficiency is taken into account.

Japan. By the middle of December 2005, the first shelters hAWe have accumulated more than 3500 hours of observation
ing motorized rolling doors, acrylic plate windows to maiimt  time in two years of observation. Good weather rate of 94%
air-tightness, and heat-insulating walls and floors havenbeshows the superiority of our site and operation efficiency of
constructed and positioned on eight construction pier®of ¢ 99% demonstrates the stability of our operation, where good
crete blocks at the Mauna Loa site. In the shelters, the @ptieveather rate is defined by observable time divided by maxi-
elements of the light collectors have been already ingtallenum observation time and operation efficiency is defined by
The optical performance were checked and adjusted to be opserved time divided by observable time.
timum with star light images from the pilot observation.

In December 2005, we evaluated the night sky back:[ Ashra Observation |
ground flux on Mauna Loa using the Ashra light collector  4s00
installed and aligned in a shelter. The result is fairly ¢siest
with the background in La Palma and Namibia by the HESS
group From the star light observations, our understanding o
the light correction efficiency to be accurate within 5% leve

Duty Factor 19.2% (in total 765 days)
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The civil engineering construction of light collectors in
shelters at the Mauna Loa site was completed in August 200°
Figure 2 shows a picture of the constructed Mauna Loa sta élsoo
tions. In this Ashra-1 experiment, we are performing device & 1000
installation and specific observation in a step-by-step teay
enhance the scientific impacts.

g 2000

5006/
S00!
SO0.

SU0GF™
L S00:
0.

Observable Time ~ 3546.0 hr ( 94.2%)

500

Observed Time 3526.5 hr (1 99.5%)
L I L T T T T T T
&0702 081001 090101 090402 090702 091002 100101 100402 100702 101002

Date [yymmdd]

L5200 O LI A L A I I 0 O
[}
o
Su
o
o

Fig. 3. Summary of Ashra optical transient observation time.

GRB100906A: Ashra-1 observation of early optical
emission [7]

Our wide field observation covered the Swift-BAT error
circle at the time of GRB100906A. We searched for opti-
cal emission in the field of GRB100906A around the BAT-
Fig. 2. The Ashra main and sub stations at the Mauna Loa site. triggered GRB time (T0) with one of the light collector units
in the Ashra-1 detector. The Ashra-1 light collector uniédis
in this analysis has the achieved resolution of a few arcmin,
viewing 42 degree circle region of which center is located at

Observation ewing 42 degree o
As a first step, we have started the observation of opﬁ‘- - €g, AzI = U deg.

cal transients. During observation, Optical images were co R\évleoggécgg ear;a:lyzzd 23]0 Afl;nggecs)sc?(\a/etrll:]z trgi f('eeclg glf
stantly collected every 6 s after 4-s exposure. Figure 3 su%— Very 6s wi xposure pectively

marizes our observation statistics up to now. Maximum Og_urlng the observatlon betwgen TO.'G.OOS and T0+600s. _We
servable time is defined by the following condition: detected no new optical object ywthm the PSF resolution
around the GRB100906A determined by Swift-UVOT. As a
e Suncondition; the altitude of the sun must be lower tharfesult of our preliminary analysis, the 3-sigma limiting gra
—18 degree. nitudes were estimated in comparison with stars in Tycho-
2 Catalog to be distributed between 12.0 and 12.2. Figure

* Moon condition; the altitude of the moon is lower thanof |imiting optical magnitudes vs time comparing with other
0 degree, or the moon fraction is less than 0.2. measurements is shown in Fig.4.
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| GRB100906A Optical Observations |
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Fig. 4. Summarized lightcurve for GRB100906A around the trigger
time. 3-sigma limiting magnitudes of our observation (labeled as
Ashra-1) and other observations are compared as a function of
time since GRB. The horizontal axis is in linear scale to show the
limiting magnitudes in the precursor phase.

Performance of a 20-in. photoelectric lens image inten-
sifier tube [5]

[

Fig. 5. A photograph of a 20-inch photoelectric lens image intensifier
tube (PLI) [5].

with other experiments using photomultiplier arrays atfthe
cal surface. Figure 5 shows a photograph of a 20-inch PLI.
The design and performance of the 20-in. PLI in Ref. [5].

Observational search for PeV—EeV tau neutrino from
GRB081203A [8]

First physics publication [8] from the Ashra-1 experi-
ment was achieved by PeV-EeV tau neutrino search from
GRBO081203A. Here, we summarized our first published re-
sult.

The GRB standard model [11], which is based on inter-
nal/external shock acceleration, has been used to deshebe
general features of a GRB and the observed multi-wavelength
afterglow. However, the standard model cannot well repro-
duce the complicated time evolution of GRBs and the high
energy components in the prompt emission [12, 13, 14]. Al-
though many authors have proposed theoretical models to re-
produce these features, none of them are conclusive [15]. To
better understand the ambiguous mechanisms of GRBs, obser-
vational probes of the optically thick region of the eleatiay-
netic components, as well as hadron acceleration processes
throughout the precursor, prompt, and afterglow phases are
required. VHEvs can be used as direct observational probes,
which are effective even in optically thick regions. A mamit
search with sufficient time and spatial resolution and syrve
capability for VHEVs associated with GRBs is plausible.

The earth-skimming tau neutrinas{) technique [16],
which detects extensive air showers, has the advantage of a
large target mass, since it uses air showers produced by de-
cay particles of tau leptongg) in the atmosphere as the ob-
served signals.ts emerge out of the side of the mountain
or the ground facing the detector; they are the product of
interactions between VHE; and the earth matter they tra-
verse. No air Cherenkov observation was made to date based
on the earth-skimming; technique with air showers induced
by 1 decays (hereafter referred to as the Cherernkekiower
method). However, it can achieve sufficient detection sensi
tivity in the PeV—EeV region to be useful in the searchfsr
originating from hadrons accelerated to EeV at astronomica
objects. Additional advantages of the Cherenkoshower
method are its perfect shielding of cosmic-ray secondary pa
ticles, highly precise arrival direction determinatiorr fari-
mary v; and negligible background contamination by atmo-
sphericvs in the PeV-EeV energy range.

As shown in Fig. 6, one of the Ashra light collectors built
on Mauna Loa has two geometrical advantages: (1) it faces
Mauna Kea, allowing it to encompass the large target mass
of Mauna Kea in the observational FOV, (2) it has an appro-
priate distance 0of~30 km from Mauna Kea, yielding good
observational efficiency when imaging air-shower Cherenko

We have evaluated a 20-in. photoelectric lens image intdfghts which are directional with respect to the air-showeis.
sifier tube (PLI) to be mounted on the spherical focal surfadésing the advanced features, we performed commissioning
of the Ashra light collectors. The PLI, the worlds largest imSearch for Cherenkowshowers for 197.1 hr between October
age intensifier, has a very large effective photocathodzaire and Dgcgmber of 2008. We ser.ved limited 62 channels of pho-
20-in. diameter and reduces an image size to less than 1ifnultiplier tubes (PMTs) as trigger sensors preparedtier t
diameter using the electric lens effect. This enables us¢o FOMMIssioning runs to cover the view of the surface area of
a solid-state imager to take focal surface images in theasHfiauna Kea, maximizing the trigger efficiency for Cherenkov
light collector. Thus, PLI is a key technology for the Ashrd Showers from Monte Carlo (MC) study. Adjacent-two logic
experiment to realize a much lower pixel cost in compariso@s adopted to trigger the fine imaging, by judging discrim-
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- fective areas for Cherenkow showers induced by;s from
[l —— = the GRB081203A counterpart with changingenergy E,,)

2F T Ve were obtained from an MC study that assumed seven origi-
i nal positions on the GRB counterpart trajectory. On thedasi
P P T T S P R I of the above null result and the estimated effective areas, w
el Distance (k“n‘:) & e 70 placed 90% confidence level (CL) upper limits on theflu-
ence of precursor and afterglow emissions in the PeV-EeV
Fig. 6. Conceptual drawing of Cherenkov T shower method. The right region, for two 3780 s periods, the first between 2.83 and
mountain is Mauna Kea and the left is Mauna Loa. 1.78 hr before GRB081203A and the second between 21.2
and 22.2 hr after it, as shown in Fig. 8. As sources of system-
. . ) ) atic uncertainty in the MC estimates of the effective détect
m_ated waveform S'Q”a's from each p|>_<el of the mUIt"PME\reas, we considered tlve charged current interaction cross
tr!gger sensor. During the search period2 hr before the section, the energy loss hyin the earth and the mountain,
trigger of GRBOB1203A. GRB c_ounterpart (RA. 15:32:07'5§he geological model around the observation site, and thre ga
decl. +63:31:14.9) passed behind Mauna Kea, as viewed fr%mibration of the light collector, which were evaluatedo®
the Ashlra-l o.bservatory. . L 50%, 50%, 10%, and 30%, respectively. The conservatively
To investigate the features, selection criteria, dete(‘:,bmbined systematic sensitivity error was obtained from th

tic;]n effilt(:iency,hand background rate for the obserlvation Quare sum of the above uncertainties as 77%, which affects
Cherenkovt shower images, intensive Monte Carlo (MCho veqit of the 90% CL upper limit shown in Fig. 8, where

studies were performed by utilizing CORSIKA, _TAUOL_A'We assumed a typic#; ? flux to ensure unbiased constraints
and (_)t_h_er reIe_vant_MC packages. The photometric and rigggy observationally undefined physical mechanisms of a GRB.
sensitivity calibration of the Ashra light collector wasdea For comparison, Fig. 8 shows other observational limits
on a very stable YAP-light pulser. Non-uniformity in the de'on thev fluence from point sources [19, 20]. Our results
tector gain due to the input light position was relatively-co re the most stringent in the PeV-EeV region and comple-
rected by mounting a spherical plate uniformly covered wit entary to the IceCube results for the sub-PeV energy re-

Ium_m_ous paint on the Input W'ndOW' To correct f_or the tlm%]ion, and indicate the advanced instantaneous sensitifity
variation of the photometric and trigger sensitivity besau the system even during this commissioning phase. Fulescal

of variations in atmospheric optical thickness, we perfetm g, - ohservations are expected to have 100 times better sen
careful cross-calibration to compare the instrumentaltgho sitivity, since the trigger pixel size is halved (1/4 the gix

electric response with the photometry of sta}ndard starb s ea) and the trigger sensor will cover the entire FOV of the
as BD+75D325 of B-magnitude 9.2, _for which the detecftq_ ht collector. With this higher sensitivity, contamiia of
images passed through the same optical and photoelec—tncd_ 5 clusters of air-shower secondary patrticles is exjgeicte

sFruments except for the final trigger-controlled readoex done year of observation data. The advanced angular determi-
vIce. , , " ____nation of Ashra for Cherenkov showers to within 01 will

To confirm the detection sensitivity and gain cahbratloguow perfect rejection against contamination from aiowsier
for the Cherenkowr shpwer, we detected and analyzed 14Qecondary particles, and will provide a viable search netho
events of normal cosmic-ray alr-shower(:_herenkov|mag|esf]%r earth-skimmingv; events, fully utilizing the zero back-
a total of 24:4 hrin .2008bDecemberbusmfg the same !nStrHFound conditions. Our first search for PeV-EeyVreported
ments used in neutrino observation, but after rearrandieg §, pef [g] complements other experiments in energy range
trigger pixel layout to view the sky field above Mauna Kea. IRnd detection method, and implies the prologue of “multi-

the cosmic-ray observation, the trigger pixel layout |ste(_aaa’d article astronomy” [9] with a precise determination of ¢im
at zenith angle of-65°. The observed and MC cosmlc-ra)};nd location

flux spectra are shown in Fig. 7, in which the MC prediction

used the typically observed cosmic-ray flux in the knee re-

gion [17, 18]. Since the primary cosmic-ray components aRibliography

observationally undefined, we present the MC prediction ofl] http://www.icrr.u-tokyo.ac.jptashra

cosmic-ray flux spectra, assuming either only protons arsro .

as the primary cosmic rays in Fig. 7. Note that the same reLZ] M. Sasaki, J. Phys. Soc. Japansg 83 (2008).

construction procedure was applied to both of the observeg] v, Ajta et al., in Proc. of 30th ICRC (Mexico, 2007),

and MC data to extract the observed energy. In both cases, \p|. 3, p. 1405 (2008).

the observed data and the MC prediction agreed well on the

normalization and the shape of the distribution within tke e [4] M. Sasakiet al., in Proc. of 30th ICRC (Mexico, 2007),
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the trigger for 197.1 hr in only case of the data status defg] v, Ajta et al., GCN Circ., 8632 (2008).

fined as good out of the total observation time of 215.8 hr.
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primary (hatched band) and iron primary (shaded band) assumptions [8]. The width of the bands shows the evaluated systematic error of
30% of the MC prediction.
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in the PeV-EeV region [8]. For comparison, IceCube limits [19] in the prompt (long dashed dotted (gray)) and precursor (long dashed dotted
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Fig. 1. Particle acceleration in a sheared flow, Vy(y) = 0.3ctanh(?) 5
(c: the velocity of light) with superposed time-dependent perturba-
tions. The magnetic field is in the x direction. (a) An example of
the particle trajectories in the y-z plane, where the spatial scale is
normalized by a characteristic gyro radius, ¢/Q¢ (Qc: the non-rela-
tivistic cyclotron frequency). (b) An example of the energy history
of accelerated particles.
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nonthermal cosmic ray particles are being accelerated- Tar

QEFS of the groups StUdy 'nCIUde_h'gh energy astrophy3|c,a|g_ 2. (a) VLF (very low frequency) wave propagation path from the
objects such as supernova explosions/pulsar magnet@spher “NpM transmitter in Hawaii to the ATl observing station in Brazil.
giant flares and repeating bursts of magnetars, jets froiveact = The gray-shaded hemisphere indicates the nightside part of the
galactic nuclei (AGN), star-burst galaxies, mysterioumg&a Earth at 6:48 UT on 22 January_ZOOE_), when the largest burst oc-

curred. The part of the Earth illuminated by gamma rays from
ray bursts (GRB), as well as galaxy clusters. Research works . magnetar SGR J1550-5418 is shaded by lines. (b) Amplitude
on the origin of ultra high energy cosmic rays (UHECRS) are and phase variations of a VLF signal from the NPM transmitter
also within the coverage of the group. (21.4kHz) observed at ATl from 5:15 UT to 5:20 UT, when repeated

i ; SGR bursts were detected at 05:17:51.7 UT and 05:18:39.5 UT.

In addltlon’. St.UdIeS ha\./e been made also for nthermal (c) The same as (b) but from 06:40 UT to 06:50 UT when re-
phenomena within the heliosphere [5,11], such as interplan peated SGR bursts were detected at 06:41:02.1 UT, 06:44:36.4
etary shocks and the earth’s bow shock, magnetic reconnec-uT, 06:45:13.9 UT, 06:47:57.1 UT, and 06:48:04.3 UT. (d) The
tion, the interaction processes between the solar wind and same as (b) but from 08:15 UT to 08:25 UT when a repeated

. - . P SGR burst was detected at 08:17:29.4 UT. (e) Relation between
the moon. While these heliospheric phenomena are limited J "~ amplitude changes of VLF signals (NPM-ATI) and gam-

in their.energy_covgrage, thei_r studies have p_rovec_i t0 giVe @ ma-ray fluences (25 keV to 2 MeV) measured by the INTEGRAL
theoretical basis to interpret distant astrophysical legérgy satellite. (f) Same as (e) but for observed phase changes of the
phenomena. VLF signals.

Research topics: 1. Reevaluation of acceleration processe

While the diffusive shock acceleration process has been
accepted as the standard model of astrophysical particﬁ—acSPheriC disturbance can be used as a new monitoring method
eration, interests are being renewed on other processés sig¢ magnetars [4,10] (Figure 2).
as second-order stochastic acceleration in relativistibu- Crab pulsar, the remnant of the supernova explosion in
lences. We have presented new results on the stochastie ack@>4 A.D., is one of the well-known neutron stars. While
eration in time-dependent velocity-shear turbulence fog{ its physical properties have been studied for more than 40

ure 1) expected in relativistic jets in AGNs and GRBs. years since its discovery, there remains an enigma about the
origin of giant radio pulses (GRPs). While for a long time

Research topics: 2. Magnetars and pulsars _the GRPs had been regarded as a phenomenon limited to the
~ The magnetosphere around neutron stars are candidafgio frequency pulsar emission, a 3% enhancement of the
sites for efficient particle acceleration. Magnetars, 6w qntical emission at the GRP timing was discovered recently
rotating neutron stars with strong magnetic field of36° Snearer et al.Science, 2003). Since only a very loose up-
G, occasionally show giant-flare (GF) activities with peaéer limit (<250%) was obtained for the enhancement, if any,
gamma-ray luminosities reaching toTlrg s [1], which  of the hard X-ray emission at the GRP timing (Lundgren et
are as strong as the luminosities of AGNs. In addition to 941, 1995), we have started a correlational study between th
ant flares, magnetars also show burst activities, much weakggio and hard X-ray observations collaborating with radio
than GFs butrepeating many times. Recently we have disc@yig x-ray astronomers at National Institute of Information

ered ionospheric disturbances caused by repeating burst$, g4 communications Technology, Tokyo Institute of Technol
the magnetar SGR J1550-5418 in January 2009. Such iono-
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Fig. 3. (a) upper panel: Superposed intensity profile of the radio sig-

nal from the Crab pulsar in the interval of +1 pulse from the arrival
of the GRPs. (b) lower panel: A blue curve shows the averaged
X-ray intensity profile (SUZAKU/HXD, 15-75 keV) when the inten-
sity of the radio pulses are normal (repeated 3 cycles). The red
histogram shows the superposed X-ray intensity profile in the in-
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Fig. 4. A multi-static forward scattering radar system for the detec-

tion of extraterrestrial grains (meteors) was set over the Honshu
island of Japan during the July-August season in 2007. Three
amateur-radio beacon transmitters were at Sabae, Ikeda, and
Toyoshina (blue dots), while a receiver array consisting of six sta-
tions (red dots) was deployed around the Tokyo bay. The impact
geometry of an interplanetary grain at 19:04:50.5 JST (10:04:50.5
UT) on 31 July 2007 was successfully determined: It is found that

terval of £1 pulse from the arrival of the GRPs. this meteor had a radiant point (RA, DEC)=(22.2 hour, -14.7 deg)

with the input velocity=33.5 km/s, and impacted against the atmo-
sphere at the point (138.7°E, 35.8°N) (a black arrow in the center
of the figure). Black-blue-yellow-red contours show the residual
errors in the least-square fitting procedure for the impact point
search. A blue hyperbola on the lower-right corner of the figure
shows the footprint of the meteor radio echo at the timing of its
first ground detection.

ogy, and Institute of Space and Astronautical Science indap
Aerospace Exploration Agency.

Figure 3 [7] shows the preliminary result of our analy-
sis: The average photon count rates around the main-pulse
GRP peaks was 2148.5 s bin~! while the average pho-
ton count rates at the same timing of normal radio pulses was
18.0+0.4 s 1 bin~1. Therefore while a weak enhancement oResearch topics: 4. Interaction process between super-
the photon count rates at the GRP peaks is seen, this is f@Ric flow and solid objects
statistically significant. We are continuing this corridagl It is expected that the interactions between supersonic
study to improve the photon statistics. plasma flows and surfaces of solid bodies play importansrole

_ i in many astrophysical environments.
Research topics: 3. R/D study for radar detection of UHE- The nearest example found recently is in the solar-wind-
CRs and extraterrestrial grains _ moon interaction [2,3,8,9], where detailed studies of tine

W|de attention ha_ls been attracted to_ the d_etectlon. of lHFoperties of plasmas can be made. Figure 5 [2, 9] shows
tra high energy cosmic rays (UHECRs) with radio techniquege time series data from SELENE, the Japanese lunar qrbiter
either passive and active, towards futu_re Iarge—scale URIEG atween 12:00 and 18:00 UT on 4 April 2008, showing quiet
observatory on the ground. Collaborating with the TA grougy 1) and active (# 3) conditions of the wake in the near-Moon
of ICRR, we have made a R/D study of the active methodn,ce  From these observations, a new model of the near-
namely, the detection of radar echoes from extensive awshoy;50n wake environment is proposed ([2], Figure 6), where
ers of UHECRs (UHECR echoes, hereafter). Parallel {f¢ glectromagnetic acceleration of the solar wind pasicl
the above R/D study, we have also joined a radar reseatgly he kinetic plasma instability (two stream instab)liaye
project for extraterrestrial grains (meteors) collabmmgivith playing the dominant role.
radar physicists and planetary physicists at Nationaltlrst
for Polar Research, Research Institute for Sustainable "B'rbliography
manosphere in Kyoto University, and Department of Eartlga ers in refereed iournals
Planetary Sciences in the University of Tokyo. Despite more P J
than three orders of magnitude difference in the echo dura-1. Masada, Y., S. Nagataki, K. Shibata, and T. Terasawa,
tion between UHECR echoes:{- us, expected but not yet “Solar-type magnetic reconnection model for magnetar

identified) and meteor echoes (several - several tens of ms, giant flares”, Pub. Astron. Soc. Japan, 104, 1093-1102,

observed), the know-how developed in the latter project pro 2010.
vides a technical basis for the former (Figure 4, Yoshidd.et a o B _
in preparation). 2. Nishino, M. N., M. Fujimoto, Y. Saito, S. Yokota, Y.

Kasahara, Y. Omura, Y. Goto, K. Hashimoto, A. Ku-
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protons of the solar wind origin scattered at the sunlit region of the
Moon and accelerated by the -VxB electric field are penetrating
deeply into the middle of the wake region and forming the proton
governed region (PGR) [2]. Vectors in the figure, SW, E, and IMF,
show directions of the solar wind flow, the ambipolar electric field,
and the interplanetary magnetic field, respectively.

Thesis

6. Fujinuma, A., “Acceleration of UHECR in relativistic

Fig. 5. Energy-time spectra of (a) protons and (b) electrons, (c) mag-
netic field in the SSE (Selenocentric Solar Ecliptic) coordinate, (d)
frequency-time spectrogram of the plasma wave detector, and (e
and f) spacecraft locations in the SSE coordinates and solar zenith
angle (SZA) are shown [2]. Intervals of sunlit/shadow regions are
indicated by orange/blue bars at the top of the figure, where the

wake was observed within the shadow region.
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ASTROPHYSICS and GRAVITY DIVISION

Overview LCGT Project

Astrophysics and Gravity Division consists of GravitajcRR, Univ. of Tokyo, Kashiwa, Chiba 277-8582
tional Wave Group, The Sloan Digital Sky Survey Groupyn collaboration with the members of:
Theory Group and Primary Cosmic Ray Group. The Graviti-

. ; CGT collaboration; National Astronomical Observatory
tional Wave Group conducts experimental research of giaVII(NAOJ) High Energy Accelerator Research Organization
tional wave with researchers of gravitational wave expenm '

and theory in Japan. The main items are the construction(oKfEK)’ Department of Physics (University of Tokyo, abbre-

o - viated as UT hereafter), Research Center for the Early Uni-
the large scale cryogenic interferometer(LCGT) at K"]lml()k\fierse (UT), Institute for Laser Science (University of Etee

underground and the operation of CLIO. The Sloan D|g|t% mmunications), Photonic Innovation Center (University

Sky Survey Group has. complete(_j the planned imaging ag ectro-Communications), Department of Advanced Materi-
spectroscopy observations, and it continues publishing p

. . . . . Xs Science (UT), Earthquake Research Institute (UT), De-
pers in collaboration with worldwide researchers. Thisugro .
. . . ._partment of Astronomy (UT), Department of Physics (Osaka
has started a new optical deep survey project with the W'd(é?t University), Faculty of Engineering (Hosei Univesgit
field imager of Hyper Suprime-Cam mounted on the Suba y Y), Y g 9

. trology and Measurement Science (National Institute of
telescope. Theory Group conducts both theoretical StUdnyST), Space-Time Standards Group (National Instituteef |

the Universe and astroparticle physics.Primary Cosmic R?a/ . o
. . rmation and Communication Technology), Department of
Group reconstructs past cosmic ray changes and studigs tIEe| . . .
impacts on climate change arth_ and Space S_men_ce (Osaka UnIVE_I‘SItY), Department of
' Physics (Kyoto University), Yukawa Institute for Theooati

o Physics (Kyoto University), Graduate School of Humanities
Gravitational Wave Group and Sciences (Ochanomizu University), Advanced Research
Introduction Institute for the Sciences and Humanities (Nihon Univer-

A gravitational wave is a physical entity in space-time preiity), Department of Advanced Physics (Hirosaki Univefsit
dicted by Einstein’s theory of general relativity. Its emisce AStronomical Institute (Tohoku University), Departmerft o
was proven by the observation of PSR1913+16 by Taylor afidysics (Niigata University), Department of Physics (Rirk
Hulsel, who won the Nobel prize in 1993. However, nobod{’Niversity), Department of Physics (Waseda Universitygl-C
has succeeded to directly detect gravitational waves. fitre t/€9€ Of Industrial Technology (Nihon University), Depart-

ory of gravitation can be tested by the detection of gravitd?€nt of Humanities (Yamanashi Eiwa College), Department
tional waves. A gravitational wave detector is the last to&f Physical Science (Hiroshima University), Faculty of Sci

of mankind to inspect the universe. In order to directly og2nce (University of the Ryukyu), Max Planck Institute for
serve gravitational waves, we have started to construct tféavitational physics (AEI), California Institute of Tewdi-
Large scale Cryogenic Gravitational wave Telescope (LCGT189Y: Departmentof Physics (University of Western Ausipli

In prior to the construction of LCGT, we developed a 300 riépartment of Physics (Louisiana State University), Cente
baseline interferometric gravitational wave detectorMi, ~ for Computational Relativity and Gravitation (Rochestestl-

at the Mitaka campus of the National Astronomical Obseft€ of Technology), Department of Physics (Glasgow Univer
vatory of Japan (NAOJ) and nine observation runs had be®fy), Columbia Astrophysics Laboratory (Columbia Univer
conducted. TAMA project started in April, 1995, as a fiveSity in the city of New York), Department of Physics (Birm-
year project and it was extended by two years after 1999. Wigham University), Department of Astronomy (Beijing Nor-
acquired the interferometer technology and knowledgerfer tmal University), Inter University Center for Astronomy &
large scale interferometer by the experience of TAMA projec/Strophysics (Pune University), Sternberg State Astrorom
which was organized by researchers belonging to univessitcal Institute (Moscow University), LATMOS (CNRS), Center
and national laboratories. We conducted the development'8f Astrophysics (University of Science and Technology of

Seismic Attenuation System (SAS) installed for four maifyNina), Center for Astrophysics (Tsinghua Universitystin
mirrors and tried to enhance the interferometer sengtivittt® of High Energy Physics (Chinese Academy of Sciences),

In regard with CLIO project, the construction of which was>hanghai United Center for Astrophysics (Shanghai Normal

started in 2003 and ended in March, 2007, we have succeefftiversity) , Center for Measurement Standards (Industria
to break the room temperature limit by cryogenic mirror sysechnology Research Institute), Physics Department (Mary

tem that is operated at cryogenic temperature at first in thghd University)

world. Objective of LCGT
*+J.H. Taylor and J. M. Weisberg, Astrophysical345(1989) 434. After the discovery of the highly relativistic binary neu-
tron star systent, a new young binary pulsar was detected

*2 M. Burgay,et al., Nature,426(2003) 531.
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3. The former discovery increased the coalescence rate fro

- . . 'gl)le 1. LCGT design parameters to detect binary neutron-star coa-
6 5
10% to 10°° a year in a galaxy as big as our Galakand lescence events in 250 Mpc.

the latter pushed up by another factor of six. Although it was [tem Parameter

good news for the detection of gravitational waves, we still Baseline Length 3 km

need to wait for long time to detect by the presently existing Interferometer One set

detectors. This is the reason why we need to construct LCGT Power recycled Fabry-Perot
(Large-scale Cryogenic Gravitational wave Telescope)e Th -Michelson with RSE
objective of LCGT is to detect a few events of gravitational Optical Power Laser:180 W: Finesse:1550
wave in a year. Since there are many other possible gravita- Input power at BS: 825 W
tional wave sources in the universe other than the coalescen Cavity power 780 kW

of binary neutron stars, those sources are possible tanfets Beam radius 3.4 cm(ITM)/4.5 cm(ETM)
LCGT project. Main Mirror Sapphire 30 kg, 20 K

. Diameter 25 cm
Status of LCGT Project Mechanical Q:18

In order to fulfill the objective of LCGT, we designed the Suspension Frequency: 1 Hz:
sensitivity of LCGT so as to observe binary neutron star coa- Q:5x 108 ’
lescence events occurring at 250 Mpc with S/N=8 in its opti- Pendulum 16 K
mum configuration[1]. This is ten-times more sensitive than vacuum <107 pa
that of the LIGO (I), and by two orders more than that of —
TAMA at their most sensitive frequencies. This is achieved
by the laser interferometer located underground, usingethr
kilometer length baseline, cooling mirrors at cryogenimie
perature, and a high-power laser source employing 180
output. The optical configuration is a power recycled Fabnr
Perot-Michelson interferometer with the resonant-siseba g _
extraction (RSE) scheme (in Fig. 1). The detailed design {5
the control system was tested for the resonant sideband — 17"
traction scheme.[2] Table 1 lists the important parametérs € 10" -
LCGT. You may trace the history of the evolution of LCGT5 10
by references. [3] Ultimate sensitivity of a laser intedier- > 10
eter is determined by seismic noise at low frequencies (1g 10'2‘ uGo
30 Hz) (which is reduced by improving the vibration isolatio "’:m _\_____————-’/
system), and it is limited by photon shot noise at higher fr Ly —
quencies (more than 300 Hz), which can be improved on
by increasing the light power in the main cavities. The sel Frequency [Hz]
sitivity of middle frequencies (30-300 Hz) is limited by the
fluctuation of the photon recoil force noise. This requitestt
thermal noise is reduced both by decreasing the temperature _ o _
and by decreasing the internal mechanical lass {ncreasing F'gi.z' LCGT design sensitivity compared with those of TAMA (red

B . . ine), CLIO (a 100m prototype cryogenic interferometer placed un-
the mechanical Q of vibration modes). The source of thermal gerground of kamioka mine, biue line), LIGO (initial LIGO, yellow
noise comes from both mirror internal vibration, mechahica line) and the CLIO limit at room temperature (red broken line). The
loss of the optical coating and swing noise of the pendulum horiz_o_n?al axis is frequency_[H_z] and the vertical axis represents
suspending the mirror. The reduction of thermal noise is at- sensitivity spectrum for gravitational waves [1/y/Hz].
tained by cooling both the mirror, itself, and the suspemsio
system that suspends the mirror.

Figure 2 compares the sensitivity curve of LCGT withCryogenic Mirror development
those of TAMA, CLIO (a 100 m prototype cryogenic interfer-  The design of the cryogenic mirror system is shown in
ometer placed underground of Kamioka mine), LIGO (initigtig. 3. The mirror is suspended by two loops of sapphire
LIGO) and the design of TAMA. The sensitivity at low fre-fibers connected to an auxiliary mirror that is a part of sus-
quencies of LCGT is attained by SAS, which will be provepension point interferometer. This mirror is also suspehde
by the current SAS in TAMA. That of higher frequencies is atfrom an alignment control platform that is suspended with an
tained by higher laser power, which has been basically showgulator rod connected through the center holes of theradi
by TAMA. The mid-frequency region is improved by cryo-tion shields to an isolation table suspended by a low-fraque
genic mirror and suspension system, which has been provgbration isolator, which is placed at room temperaturee Th
by CLIO (described in the next section*). The sensitivity imauxiliary mirror has a heat link to the platform and another
provement of two orders of magnitude at low frequencies feat link connects the platform and a heat anchor point (4 K)
certainly realized by the completion of LCGT interferomete inside the vacuum located just above the platform. Both the
*3 DR, Lorimer.et al., Astrophysical J640(2006) 428, cryogenic system and the vibration isolator are put inside a

*4C.Kim, V. Kalogera and D. R. Lorimer, AstrophysicabB4(2003) 985. COmmon high-vacuum chamber.

TAMA in 2008 (improved after installation of SAS)
300 m arm length

CLIO at cryo temperature, 2010/3/7
100 m arm length
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|

-
o
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Fig. 1. Optical design of LCGT. The optical configuration is a power recycled Fabry-Perot-Michelson interferometer with the resonant-side-

band-extraction (RSE) scheme.

To realize this concept, the following research subjects
were conducted and reported:

1. Removal of heat produced by high-power laser illumi-
nation (annual report 1997-1998 and also in references
[4])
== E 2. Holding the high Qs of the mirror internal modes and
Vikina EE JF""H"““‘mﬂhr suspension pendulum [5]
Isolation System
(Room temp.)
Gl I 3. Reducing the contamination of mirror surfaces (annual
¥ 4 report 2000-2001 and also in [6])
4. Estimating heat production by optical loss in the mirror
Hszolnti':[ [7]
B
c D e Ay 5. Alignment control of mirrors in a cryogenic environ-
- B ey ment [8]
Reecoll Mass - [~ Dempl nets
—, um:'::m 6. Low mechanical loss of the optical coating (annual re-
Sl;spensio; (sP1) ml:l'gas port 2003-2004 and also in reference [9])
4K-20K System
Cafl-magnet 17| i As for item 5, we confirmed that a superconducting film
Actustars | Test Mass Vibration . .
main1r0) PO ommp|  COUID be used for the receptor of the magnetic force in place
-] of permanent bar magnets that are normally used in the ex-

Innes shield ‘Outer shield

isting detectors. The film can be easily sputtered on the mir-
ror surface without harmfully degrading the mechanical Q of

Fig. 3. Schematic design of the cryogenic suspension system. The
mirror is suspended by sapphire fibers connected to an auxiliary
mirror, which is suspended by metal wires from a platform that has
a heat link to a 4 K heat anchor inside the vacuum. The platform is
also suspended with an insulator rod connected through the holes
of radiation shields to an isolation table suspended by a seismic
attenuation system placed at room temperature in the common
high vacuum.

the mirror. With respe

temperature in the ann

ct to the last item, we reported on a
measurement of the bulk substrate of the mirror at cryogenic
ual report (2003-2004). We could cor-

rectly estimate the thermal vibration noise of the opticate

ing while considering the inhomogeneous loss that had been
stage of interferometer development.
The substrate of the cryogenic mirror is sapphire, whichéhas

neglected at an early
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large thermo-elastic thermal noise at room temperaturev-Hoaveragedf. The BRSE configuration (red curve) has wider
ever, since the thermal-expansion ratio of sapphire at-cryobservation band to cover various sources, and moderate ob-
genic temperature goes down to nearly 0 and the heat condservable range of 114 Mpc for neutron-star inspirals. Thie bl
tivity becomes greater, the thermo-elastic noise drdstioa=  and sky-blue curves are for the VRSE configuration with a de-
duces at the cryogenic temperature. Thermal noise estimatened mode VRSE (D) and with a broadband mode VRSE (B),
from the Q of the coating is well below the design sensitivityespectively. They have slightly narrower and wider obaerv
of LCGT, which means that this coating noise does not limiton bands than the BRSE (red curve) configuration, respec-
the sensitivity, whereas, the sensitivity of a room-terapae tively.
mirror is limited by this effect. Also thermal lens effectsdi Scientific outcomes obtained from GW observation highly
appears at cryogenic temperature in the LCGT design. Thekspend on the sensitivity and observation band of a detector
are the significant merits of the cryogenic mirror system. We surveyed possible GW sources which would be targets of
LCGT, and discussed advantages and disadvantages of each
Study on the Bandwidth Optimization of LCGT candidate interferometer configurations.

A broad band RSE (resonant-sideband extraction) config- The most important criteria in the comparison is to in-
uration was selected as a default LCGT optical design sinegease the possibility to achieve the minimum success of
2004. With recent progresses in technology, it appearsitbat | CGT: detect at least a few GW events within one year opera-
have a chance to enhance the sensitivity of LCGT by selectitign. The primary target of LCGT is coalescences of neutron-
more suitable optical parameters. We obtained a recommegar binaries. We estimated the observable range, expected
dation by a working group to discuss and optimize the optévent rates, required observation period for the first detec
cal configuration including a possibility of the detuned RSEon, and measurement accuracy of binary mass parameters fo
which has a narrower bandwidth but a better sensitivity in téhese sources. Figure 5 shows the expected detection rate as
tal (annual report 2009-2010). The purpose of this working function of sky average detection range. Then we surveyed
group was to investigate and to make recommendations s#lentific outcomes from the other GW sources: black-hole bi
the interferometer optical configuration design of LCGT andaries, black-hole ringdown, supernovae with stellaeam-
its observation band for gravitational waves. lapses, pulsars. We also compare the candidate configusatio
from a viewpoint of international observation network. Eer
we show Table 3 summarizing the range for black-hole bina-

7 i \ fies, etc.
E % The working group concluded the following interferom-
> e eter design and observation strategy as a part of new default
2 / LCGT design.
2 4074 \
% e s Q — fixed BRSE e The optical configuration of LCGT should be VRSE:
5 : \\ i - . . .
S \ f\ fixed DRSE a RSE (resonant-sideband extraction) with variable ob-
9 — Vv-RSE (B)
§:\/ — V-RSE (D) servation band.
2 3 4 5 (IS ; é 2 3 4 5 67 é EI) T >

2

9100Fre sency (H2) 1000 e In the first observation phase, LCGT interferometer
quency should be operated with a detuned mode, VRSE (D),
Fig. 4. Sensitivity curves of the candidate configurations: BRSE (red for e.arher dete(.:tlon of graVIFatlonal_W.ave Slgnals' Afte
curve), DRSE (green curve), and VRSE (B/D) with sky-blue/blue the f|rs_t detections, the variable gonflguratlon provides
curves. the option to change the observation band to broadband,
VRSE (B), so as to obtain more scientific information.

It is possible to optimize and tune the observation fresonstruction of LCGT
quency band for target gravitational-wave sources, by sho@rganization

ing suitable optical parameters. So as to determine thealpti In order to conduct the construction of LCGT according

parameters, we define three candidate parameter sets:-broaghq 1 qget under the program of the leading edge research
band RSE (BRSE),’ detuned R_SE (D,RSE)' and variable Rﬁaﬁ:ilities, the LCGT collaboration was reinforced by nomtin
(\./.R.SE) conflguratlons. VRSE is designed .to have good ,Selﬂ'g the director of ICRR as the project integrator of LCGT and
sitivity both with tuned and detuned operation, and to S'W'tccreating an executive committee controlling each sub-imgrk
observation bands depending on the observation purpoges g, 1 that was chaired by chief leader. The origin of each sub
targets. The detector sensitivity curves are estimatelal the working group was based on the team that functioned to es-

current best-estimated boundary conditions of LCGT: aminpy,pjishy the design of LCGT. The structure of the organizatio
laser power, suspension and mirror thermal noises, Seisr@‘?epresented in Fig.6.

noise, and optical readout noises. The estimated sengitivi

curves are shown in Fig_ 4. and Table 2 shows brief summaf@/ Here, observable distance is defined as the range withinwevients are
of optical parameters detected with higher signal-to-noise ratio than 8. Deteatdenna pat-

. . tern and wave polarizations are all-sky-averaged. Whetbashorizon
The DRSE Conflguratlon (green Curve) has the best floor- distance is the most remote distance under optimum confignsaof

level sensitivity at around 100 Hz, and the best observable d  the interferometer and the orbit.
tance of 132 Mpc for neutron-star inspiral events (SNR=§, sk
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Table 2. Setup parameters, inspiral range (IR), and strain sensitivity at 1 kHz of each configuration. The first number in each IR column is with
the assumption that wave come from the optimal direction for LCGT, and each number in parenthesis is with the average over whole sky.

T (Finesse) Ts [0)] 4 IR Sensitivity
[deg] [deg]  [Mpc] [Hz /2]

BRSE 0.004 (1550) 0.23 90 127.6 259(114).4%10 B

DRSE 0.009 (690) 0.08 74.6 103.8 299 (132).1210 22

VRSE (B) 0.004 (1550) 0.15 90 121.8 255(112).1%10 =

VRSE (D) 0.004 (1550) 0.15 86.5 134.7 281(123)5%210 &

100 5_| Binary coalescences BH quasi-normal mode|

© 4 — BRSE - BRSE
o = 3 — DRSE - DRSE
e & 2 VRSE(B) VRSE(B)
£ 10} NN — VRSE(D) -~ VRSE(D)
E § 5 10°
c [a sy 7
g 5% ¢
8 | 1event/year” Seo 4
® 7 L2 g
3 2=
: 53 °
o OB g
g 0.1 sky average range of Q 1074
£ BRSE < g
° DRSE 2
2 VRSEEB; 4
8001‘ y ‘ ‘ _——— VRSE(D) 5 [ ‘
u% “o 5.x107 1.x10° 1.5x10° 2.x10° 10° 10" 2 3 10*

10 10
detection range [pc] mass of star [Msolar]
Fig. 5. Left: Solid thick black line is Expected event rate as a function of sky average detection range, and gray shaded zone is a confidence band
of 95%. Solid thin lines show the range for binary coalescence. Colors are corresponding to the IFO configurations. Right: Sky-averaged
detection ranges as a function of total mass of the source. Solid lines show the range for binary coalescence. Dashed lines show the range
for ringdown GW from black-hole quasi-normal mode. Colors are corresponding to the IFO configurations.

Schedule of excavation of the tunnel. The problem of the underground

The funding was available for manufacturing the laser invater forced us to design the inclined base floor of the tun-
terferometer including its vacuum system for three yearsesi nel, the effect of which was the increase of cross coupling
FY 2010 and the excavation of the underground would start ig¢tween vertical vibration to horizontal. Without this line-

FY 2011 for the period of two years. We planned to take tHion, we need to introduce drain water pumping system along
most efficient and most reliable way under these constraitide beam tubes, which might produce unexpected result on
The present schedule is shown in Fig. 7. We note that tHe seismic noise in low frequency. One of the recommenda-

detail of the schedule would be flexibly changed due to thi@ns by the review B (see the following sub-section*) was to
funding status in future. lower the observational bandwidth from the present desfgn o
LCGT, which might reduce the laser power and ease the load
Special working groups of the heat extraction in the input test mass made of relgtive
We have established 14 sub-working groups under the ehxigheroptical absorption. We decided not to adopt thismeco
ecutive committee. These groups shared the role of Constrnz:endation by fearing lose of objective range of observation
tion of LCGT Aloﬁg with activities of these groups we es oth the results of last two items; study of the bandwidth and
tablished several special working groups for solving oimgo roadmap, will be presented in the report of the next year.

problems. They were _
Topical R&Ds

¢ Installation of two story floors for seismic attenuation Although we have confirmed the performances of new in-
system struments applied to the interferometer of LCGT, some parts
e Cope with inclination of tunnel from horizontal level'€quire the practical tests using the real models of those in
for drain water struments. For example, the SAS (seismic attenuationsyste
was applied to TAMA interferometer and produced expected
result. However, we have to technically know the difference
between TAMA300 and LCGT with 3 km baseline. In prior
to the installation of the real system, we plan to test thé rea
model of SAS using TAMA interferometer at Mitaka campus.

respect with the cryogenic system, its prototype had been

: . I
The idea of two story floors came from the effective usage g?ready applied to CLIO interferometer. However, the size

rock structure of the underground, which guarantees the sfa 4 power of the refrigerator were increased and the cryo-
ble footing of the seismic attenuation system with lowertcos

¢ Shift to low frequency band
e Study of bandwidth design

e Roadmap to objective
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Table 3. BH observations. In this estimation, we assume the amplitude of ringdown GW corresponding to 3% of mass.

IFO configurations
BRSE | VRSE (B) VRSE (D)| DRSE

Binary coalescences NS-BH (1.4M10)
Detection rang@avg [Mpc] 240 235 261 278

Expected event rate [events/yr 0.006— 6

Binary coalescences BH-BH (10-4Q)
Detection rang@layg [Mpc] 570 557 615 677

Expected event rate [events/yr 0.07-7

Quasi-normal mode :
Detection rang&lavg [Gpc] for 200M, 2.1 2.0 2.3 3.0
Survey mass region at 1 GpeIfp] || 110-910| 115-760 100 -490| 100 - 450

[ty

—

Project Integrator g Advi
LCGT Council rogram Advisory

— T.Kajita D E— Board
Theory R&D
T.Nakamura  S.Kawamura
(KyotoU) (CRR) Executive Committee Executive support
Numerical QND, . .
simulation, Newtonian 1 Nak I, K Kuroda, Yl.Smto, T.Suzuki, :
Perturvation noise M.Ohashi, N.Mio, N",(‘"I'(‘"': Rg L".‘h;.sh"
5 .Kanda, S.Miyoki,
cancellation S.Kawamura, M.Ando T.Uchiyama, O Miyakawa
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Fig. 6. LCGT organization for construction in the end of FY 2010.

genic payload completely changed from the prototype. It iszeen LIGO laboratory in Caltech and ICRR. The agreement
natural to test in prior to the practical installation to LECG was exchanged in prior fiscal year for introducing digitaheo
The test was planned to conduct in the next fiscal year. trol system from LIGO to CLIO. Second, we exchanged the
academic agreement of collaboration of gravity wave resear
Reviews between EGO/Virgo and ICRR. Third, the research agreement
After finishing the design detail by sub-working groupshetween Shanghai United Center of Astrophysics in Shang-
we conducted peer review on each sub-working group repen& Normal University and ICRR was exchanged to promote
edly since the November of 2010 and ended in January 20R&D of LCGT and data analysis. Preparation of exchange of
Summarizing these results, we organized the externalweviacademic agreements was ongoing with GEO, Sannio Univer-
committee consisting of overseas specialists chaired by Bity, and so on.
Mike Zucker in MIT (LIGO MIT), which was held for one
week in the end of February and the beginning of Marciublic Relations
The committee scrutinized the detailed design of LCGT ex- The nickname of LCGT was being searched by the naming
cept the facility and geophysical interferometer sub-vimgk committee chaired by Writer, Yoko Ogawa. The announce-
group. The report with recommendation was presented ment of the recommendation of the committee was postponed
March and we coped with the problems for solution. Thege the next fiscal year due to the Eastern Japan disaster.
series of reviews will be summarized by the review of the pro- The current activity of LCGT was uploaded in the web-
gram advisory board in the next fiscal year. page: http://gwcenter.icrr.u-tokyo.ac.jp/en/

Academic Agreements with overseas projects .
In order to exchange technical information and suppoﬁlb“Ogr‘m:)hy . )
from overseas projects, we exchanged academic agreemehts K- Kurodaetal., “Status of LCGT", Class. Quantum
with gravitational wave research projects in abroad. Fingt Grav.27(2010) 084004.
made an attachment of collaborative research agreement be-
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Fig. 7. Tentative schedule of LCGT for construction being discussed in the roadmap meeting.

[2] F. Kawazoeet al., J. Phys.: Conference Serid22
(2008) 012017.

[3] K. Kurodaet.al., Int. J. Mod. PhysD 8 (1999) 557; K.
Kurodagt al., Class. Quantum Grad9 (2002) 1237;
T. Uchiyama,et al., Class. Quantum Gra21 (2004)
S1161.

[4] T. Uchiyamast.al., Phys. LettA 242(1998) 211.

[5] T. Uchiyama, et.al., Phys. Lett.A 261 (1999) 5ibid
A273(2000)310.

[6] S. Miyoki, et al., Cryogenics40 (2000) 61: ibid 41
(2001) 415.

[7] T. Tomaru,et al., Phys. LettA 283 (2001) 80.
[8] N. Sato,et al., Cryogenic#43(2003) 425.

Fig. 9. Overview of the CLIO interferometer.

design sensitivity at the room temperature after noiseihgnt
[9] K. Yamamoto,et al., Class. Quantum Gra21 (2004) (aken in 2008 (Annual report 2008) [2]. After then, we stdrte
S1075. out cooling the mirrors and noise hunting with the mirrors un
der 20K had been done. We firstly observed the sensitivity
] improvement due to the mirror thermal noise reduction.
CLIO Project CLIO sensitivity curve with cooled mirrors (cryogenic
[Spokesperson : Masatake Ohashi] sensitivity) and without cooling (300K sensitivity) areostm
ICRR, Univ. of Tokyo, Kashiwa, Chiba 277-8582 in Fig. 12 with estimation curves of the mirror thermal noise
In collaboration with members of: KEK, Tsukuba; Kyoto-U,The 300K sensitivity and the cryogenic sensm\{lty were mea
Kyoto: ERI of UT, Tokyo sured at.2008/1.1_/5 and at 2010/03/20, respectwel.y. When th
cryogenic sensitivity was measured, two front mirrors were
) cooled and the rest of two end mirrors were at the room tem-
Overview of CLIO perature. Temperature of the front mirrors were 17K and 18K.
CLIO (Cryogenic Laser Interferometer Observatory) is f1odifications possibly affecting the sensitivity at the @ry
100 m-baseline underground cryogenic interferometer @t tenjc sensitivity measurement are exchange of final suspen-
Kamioka Mine. CLIO forms a bridge connecting the CLIKsjon wires and addition of heat link wires to the suspension
(7 m prototype cryogenic interferometer at Kashiwa campusystems. Cooling the mirror took about 250 hours and vacuum
and the LCGT (3 km cryogenic interferometer at Kamiokahressure was better than HPa for both sensitivity measure-
The site of CLIO, near the Super-Kamiokande neutrino dgjents.
tector, is shown in Fig. 8. The tunnel was dug in 2002, and The noise floor level of the cryogenic sensitivity from
a strain meter for geophysics was installed in 2003 [1]. ThgoHz to 240Hz is below the 300K sensitivity. Observation
construction of CLIO began in late 2003, and installation ghnge for GWs from neutron star binary coalescence was also
the mode cleaner vacuum system was reported in the anfiigghroved to 159kpc from 148kpc for the optimum direction.
report (2003-2004). Four sets of cryostats and whole vacuuRs is the first observation of sensitivity improvement hg t
system were installed (annual report 2004-2005). We starigyogenic mirrors. The noise floor at 165Hz was reduced to
the operation of CLIO in 2006 (annual report 2006). 2.2x 1071°m/v/Hz from 31 x 10-1°m/+/Hz after cooling

The prime purpose of CLIO is to demonstrate mirror thefhe front mirrors. Amount of this noise floor reduction is eon
mal noise reduction with cryogenic mirrors. We achieved the
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CLIO

CLIO Locationin Kamioka Mine

Fig. 8. Location of the CLIO interferometer.

sistent with the estimation of mirror thermal noise redoiati 10e=—r—rre —

due to cooling. 105 \H‘ g

R&D: Local Suspension Point Interferometer - iy ]
Local Suspension Point Interferometer (LSPI) is an active :i’ 1g

control system for a cryogenic mirror suspension system of 8

CLIO. One set of LSPI has been installed in a cryostat of g ob

CLIO since 2010 and we successfully observed the damping 0.01f

effect in the room temperature as shown in Fig. 10. We found

low effectiveness of a conventional magnet damping system oootl— a1

for a cryogenic mirror suspension system, when the mirrors 01 1 10

were at cryogenic temperature. Purpose of a damping system Frequency [Hz]

is to reduce amplitude of mirror motion. Without the damp-_. _ , . . .

. N . . Fig. 10. Comparison with transfer function of a mirror suspension
ing system, it is impossible to keep a Fabry-Perot cavity on “system with and without LSPI. There are two high Q resonances
resonance. Thus, we have developed LSPI as a new damp-at 0.48Hz and 1.18Hz in the curve of without LSPI (servo off).
ing system that is possible to use at cryogenic temperature, Those resonances are damped by LSPI.

LSPI consists of a motion sensor using an interferometer and

a feedback control system. The interferometer senses motio

of a mass of the mirror suspension system. Feedback sighglegrees of freedom for length contrel40 degrees of free-
generated by the control system is converted to dampin@forgy m for alignment control, ane-100 degrees of freedom for
by coil magnet actuators on the mass. Figure 10 shows trapgs,| controls of damping suspensions. It is really impotta
fer function of the mirror suspension system with and withoy, jmplement a digital control system to deal with such a com-
LSPI in the room temperature. High Q factor resonances gficated interferometer since the digital system provides
0.48Hz and 1.18Hz in the curve of without LSPI were clearlyery flexible human interface. The flexibility leads a drasti
damped by LSP!. reduction of time for noise hunting.

We developed a digital controls system for the gravita-

Digital system in CLI.O . o tional wave detector by an international collaborationhwit
The next generation interferometer for gravitational Wave o group in the U.S and installed it into CLIO. This first
detection will have a very complicated control topolog

as called RSE (resonant sideband extraction) which héé/sstem is a very simple standalone model to check the perfor-
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These noises have been effectively reduced using the whiten
ing/dewhitening fileters. Finally we have shown the perfor-
mance that the ADC and DAC noises are at least 10times
lower than the best sensitivity of CLIO (See Fig. 13). Actu-
ally, the noise floor can be 10 times smaller if we use stronger
whitening/dewhitening filters because we still can affdrd t
dynamic range of whitening/dewhitening filters. We believe
that this CLIO digital system showed an enough performance
even for the km class interferometer like LCGT.

This digital control system has many number of input and
output channels, so it can be used for many purposes, not only
for the main arm length control. For example in CLIO, we
implemented Mode Cleaner auto alignment, laser power con-
troller injected into photo detector, local control systémn
LSPI1 which is used for the damping of mirror suspension, and
so on. Currently we are planning to have an engineering ob-
servation run using this system to develop a data analysis en
vironment including analysis software and data pipe line in
Fig. 11. A sapphire mirror and cryogenic suspension system this fiscal year.

This study at CLIO is a very good test bench for LCGT
and it will lead not only a smooth installation of a full digit
— e system into LCGT but also a smooth commissioning work for
e whole LCGT project.
(All mirrors 300K)

10 A | e T Cryogenic mirror thermal noise,
3 ! (Front 20K & End 300K)
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Fig. 12. Comparison of CLIO sensitivity curves. 300K sensitivity (solid 102
blue line) and Cryogenic sensitivity (solid red line) show CLIO sen-
sitivity curves without cooling mirrors measured at 2008/11/05 and
with front mirrors under 20K measured at 2010/03/20, respectively.
300K mirror thermal noise (dot dash gray line) and Cryogenic mir-
ror thermal noise (dot dash blue line) show estimation curve of
mirror thermal noise corresponding to the each sensitivity mea-
surements.

Fig. 13. Noise contribution of ADC and DAC noises. Green: DAC
noise, blue: ADC noise, red: best sensitivity using digital servo,
gray: best sensitivity of CLIO using analog servo. ADC and DAC
noise is at least 10 times lower than CLIO best sensitivity.

mance of digital system for noise, feasibility, flexibilayd so
on. This system consists of a computer, an /O extension box,
ADCs, DACs, and the related analog circuits like anti aliaBibliography
ing/imaging filters, whitening/dewhitening filters. The 8D [1] S. Takemotogt al., Journal of Geodynamicl (2006)
has 32 differential channels and the DAC has 16 differential 23.
channels.

With this system we have established the lock acquisit2] S. Miyoki, et al., Journal of Physics: Conference Series
tion of the single test mass control loop. The error sig- 203(2010) 012075.
nal of this arm motion is always monitored and calibrate
into the sensitivity for gravitational waves. Using thislr d[3] R. W.P. Drevergtal., Appl. Phys. B31(1983) 97-105.
nary sensitivity monitor, noise hunting has been performed
very smoothly. It is known that the noise of ADC and DAC
is typically 1000times higher than general analog circuits



Sloan Digital Sky Survey

Observational Cosmology
[Spokesperson : Masami Ouchi]

Statistics of 207 Ly o Emitters at a Redshift
Near 7: Constraints on Reionization and
Galaxy Formation Models

In collaboration with the members of Observatories of the
Carnegie Institution of Washington, University of TokycaN
tional Astronomical Observatory, IPMU, Tohoku University
ICRR, and Okayama Astrophysical Observatory

We have investigated loy luminosity function (LF), clus-
tering, and Ly line profiles based on the largest sample,
to date, of 207 Lg emitters (LAEsS) atz = 6.6 on the 1-
ded sky of Subaru/XMM-Newton Deep Survey (SXDS) field
(Fig. 1). Ourz= 6.6 Lya LF including cosmic variance
estimates yields the best-fit Schechter parameterg*of
8539 x 10 *Mpc 2 andL{,, = 44132 x 10*%rg s* with
afixeda = —1.5, and indicates a decrease fram 5.7 at the
2 90% confidence level (Fig. 2). However, this decrease is
not large, only~ 30% in Lya luminosity, which is too small
to be identified in the previous studies. A clustering sigrfal
Z=6.6 LAEs is detected for the first time. We obtain the cor-
relation length ofg = 2—5 h; &, Mpc and bias ob = 36,
and find no significant boost of clustering amplitude by reion
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ization atz= 6.6. The average hosting dark halo mass inferreffid- 1. Spectra and snapshots of some of our z= 6.6 LAEs confirmed

from clustering is 18— 10'M..,, and duty cycle of LAE pop-
ulation is roughly~ 1% albeit with large uncertainties. The
average of our high-quality Keck/DEIMOS spectra shows an
FWHM velocity width of 251+ 16km s'X. We find no large
evolution of Lya line profile fromz= 5.7 to 6.6, and no anti-
correlation between Lg luminosity and line width at = 6.6.

with Keck/DEIMOS. Each object has a spectrum in the right panel
and snapshots of B, V, R, i/, Z, and NB921images in the left pan-
els. Each snapshot is presented in a 6” x 6” box. The right bottom
panel shows a typical DEIMOS spectrum of the sky background
that is obtained in the process of sky subtraction. This figure is
reproduced by permission of the AAS.

The combination of various reionization models and our olin several blank fields. The total survey area i4 8quare
servational results about the LF, clustering, and line aft  degrees, corresponding to a comoving volume @>110°

dicates that there would exist a small decrease of IGM& LyMpc3. Using a uniform detection threshold of1x 10 18 erg
transmission owing to reionization, butthat the hydrogeMl  s-1 cm~2 arcsec? for the Lya images, we construct a sam-
is not highly neutral az = 6.6 (Fig. 3). Our neutral-hydrogen ple of 14 LAB candidates with major-axis diameters larger
fraction constraint implies that the major reionization@ess than 100 kpc, including five previously known blobs and two

took place az > 7.

Bibliography

[1] Ouchi, M., et al. 2010, Astrophys. J., 723, 869

known quasars. This survey triples the number of known
LABs over 100 kpc. The giant LAB sample shows a possi-
ble "morphology-density relation”: filamentary LABs resid

in average density environments as derived from compaat Ly

emitters, while circular LABs reside in both average densit

[2] Ouchi, M., et al. 2008, Astrophysical Journal Suppleand overdense environments. Although it is hard to exam-

ment, 176, 301

The Subaru Ly o blob survey: A sample of
100 kpc Ly a blobs at z=3

In collaboration with the members of Durham University, To

ine the formation mechanisms of LABs only from thed.y
morphologies, more filamentary LABs may relate to cold gas
accretion from the surrounding inter-galactic medium (IGM
and more circular LABs may relate to large-scale gas out-
flows, which are driven by intense starbursts and/or by AGN
activities. Our survey highlights the potential usefumes$

giant LABs to investigate the interactions between gakxie

hoku University, Carnegie Institution of Washington, Usriv
sity of Tokyo, and University of Tsukuba.

We have conducted a survey for giant dynebulae
(LABSs) atz= 3 with Subaru/Suprime-Cam. We obtainediLy
imaging az= 3.09+4 0.03 around the SSA22 protocluster and

and the surrounding IGM from the field to overdense environ-
ments at high-redshift.
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Fig. 2. Error ellipses of our Schechter parameters, Liya and ¢*. Red

contours represent the fit of z= 6.6 LF with the fixed slope of
o = —1.5based on SXDS and SDF data. The inner and outer con-
tours indicate 68% and 90% confidence levels, respectively, which
include cosmic variance errors. Blue contours denote z= 5.7 LFs
given by [2], which are similarly derived with cosmic variance er-
rors. For a fair comparison with our z= 6.6 LF, we show error el-
lipses of the z= 5.7 LF derived by the classical method (see more
details in [2]). The error ellipses of the z= 5.7 LF are larger than
those of our z= 6.6 LF. This is because the data of z=5.7 LF have
more uncertainties of cosmic variance. Black solid and dotted lines
indicate 1, 2, and 3 sigma confidence levels of z=6.6 and z=5.7
LFs with no cosmic variance errors previously derived solely with
the smaller data of SDF. This figure is reproduced by permission
of the AAS.
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Keck Spectroscopy of Faint 3<z<7 Lyman
Break Galaxies:- Il. A High Fraction of Line
Emitters at Redshift Six

In collaboration with the members of University of Cambigdg

and California Institute of Technology.
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Fig. 3. Neutral hydrogen fraction, x4, of IGM as a function of red-
shift. Top and bottom panels are the same, but with a vertical axis
of linear and log scales, respectively. Filled square and circle are
the upper limits of x4, that we obtain from the evolution of Lya LF
and clustering, respectively. Open symbols denote the upper limits
from Lya LF and Lya damping wing of GRB given by the previous
studies. Filled hexagon and pentagons indicate constraints given
by GRB spectra and QSO dark gap statistics, respectively. Filled
diamonds represent the measurements from GP optical depth of
SDSS QSOs. Triangle plots the 1o lower-limit of redshift of a neu-
tral universe given by WMAP?7 in the case of instantaneous reion-
ization. Avoiding overlapping symbols, we give a small offset along

Dotted, dashed, and solid lines show the evolution of xy; for mini-
halo, small, and large halo cases, respectively, predicted by the
semi-analytic models. Gray solid line presents the prediction in the
double reionization scenario suggested by the theoretical model.
This figure is reproduced by permission of the AAS.

pendence of line emission more robustly and to higher rédshi
than was hitherto possible. We find 5411% oof faintz~ 6
Lyman break galaxies show strong (y¥ o > 25A) emission,

As Lymana photons are scattered by neutral hydrogen, & increase of 1.6 from a similar sample observed at- 4

change with redshift in the Ly equivalent width distribution (Fig- 4). With a total sample of 72~ 6 LBGs, we determine

of distant galaxies offers a promising probe of the degree Bf¢ luminosity-dependent lay equivalent width distribution.
ionization in the intergalactic medium and hence when codssuming continuity in these trends to the new population of
mic reionization ended. This simple test is complicatecHsy t Z~ 7 sources located with the Hubble WFC3/IR camera, we
fact that Lya emission can also be affected by the evolvinBrediCt that unless the neutral fraction rises in the irgarv
astrophysical details of the host galaxies. In the first pap®9 200 Myr, the success rate for spectroscopic confirmation
in this series, we demonstrated both a luminosity and rédsH#sing Lya emission should be high.

dependent trend in the fraction of tyemitters seen within

color-selected ‘Lyman-break’ galaxies (LBGs) over thegan Bipliography

3 <z< 6; Iowe_r Ium|n05|ty_ ga_IaX|es and those at _hlg_her red-[l] Stark, D. P., Ellis, R. S., & Ouchi, M. 2011, Astrophys.
shift show an increased likelihood of strong emission. We J. 728,12

have studied the results from much deeper 12.5 hour expo-

sures with the Keck DEIMOS spectrograph focused primarily

on LBGs atz~ 6 which enable us to confirm the redshift de-
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Cosmic Time (Gyr) rate, resulting in little evolution of the rest-frame UV Lfom
GFL 18 15 13 11 10 090 081 073 067 061 z=6to 3. The rest-frame UV LF of both LAEs and LBGs
[ o w25 =20.25<M<-18.75 | atz:_ 3&6 can_be _des_cribed well by the stochastic scenario
L WLY"'°>55 i A ] provided the extinctionis m(_)deralx_%(B—y) ~0.15, for both
UC] 1 ] populations, although our simulation might be overpredict
I + ] the number of bright LBGs &= 6. We also discuss the cor-
e sl % ] relation function and bias of LAEs. The byLFs atz= 6 in

a field-of-view of 02 ded show a significantly larger scatter

[ S — + A ] owing to cosmic variance relative to that in a 1 8égld, and
02 * o + : R the scatter seen in the current observational estimatdseof t
I ' ] Lya LF can be accounted for by cosmic variance.
0.0f : : : :
Fe W,,>254 —21.75<M,<-20.25 ] Bibliography
04F Wizas>55 A E [1] Nagamine, K., Ouchi, M., Springel, V., & Hernquist, L.
A ] 2010, Publications of the Astronomical Society of Japan
03 E , 62, 1455
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01_ * | 3 _ [Spokesperson : H. Miyahara]
: ] ICRR, Univ. of Tokyo, Kashiwa, Chiba 277-8582
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7 8 Reconstruction of solar cycles at the grand

solar minima

Fig. 4. Evolution in the overall fraction of Lya emitters (X.yq) in the  In collaboration with the members of Univ. of Tokyo, Yama-

LBG population over 4 < z< 6. Luminous LBGs are considered  gata Univ. Hirosaki Univ. and Australian National Univ.
in the bottom panel, and less luminous systems in the top panel.

In each panel, we derive the Lya fraction of LBGs with Lya EWs o h b ducti th tructi f
larger than 25 A (circles) and 55 A (squares). Assuming a linear ur group has been conducling the reconstruction ot so-

relationship between Xiya and z, we extrapolate these trends to lar cycles during the prolonged sunspot absence such as the
z~7 (triangles with dashed-line error bars). This figure is repro-  Maunder Minimum and the transitional periods, by measur-

5 6
Redshift (z)

duced by permission of the AAS. ing the cosmogenic nuclide in tree rings with annual resolu-
tion using the Accelerator Mass Spectrometer. It will poavi
Lyman- o Emitters and Lyman-break Galax- a clue for understanding the mechanism of long-term changes
ies at z=3-6in Cosmological SPH Simula- in solar activity and constructing a methodology of forgeas
tions ing near future solar activity. For this study, trees frorrkia

Island, Nara prefecture, Aomori prefecture and Shizuolea Pr
In collaboration with the members of IPMU, University oftecture have been used. We use the Accelerator Mass Spec-
Nevada Las Vegas, Observatories of the Carnegie Instifgsmeters at the University of Tokyo, Yamagata University
tion of Washington, Max-Planck-Institut fur Astrophysénd  5nq The Australian National University. We have detected th
Harvard University. deviations of solar cycle lengths from 11 years around the tw
nd preceding cycles of grand solar minima, although the charac

We study the properties of Lymamemﬂtgrs (LAEs) a . teristics may be different by the duration of event (Miyahar
Lyman-break galaxies (LBGSs) at= 3 — 6 using cosmologi- etal., 2010)

cal SPH simulations. We investigate two simple scenarips fo
explaining the observed lgy and rest-frame UV luminosity
functions (LFs) of LAEs: (i) the éscapefraction” scenario, in  Bibliography

which theeffective escape fraction (including the IGM attenu- [1] H. Miyahara, K. Kitazawa, K. Nagaya, Y. Yokoyama,
ation) of Lya photons isfiyq ~ 0.1 (0.15) az= 3 (6), and (ii) H. Matsuzaki, K. Masuda, T. Nakamura, and Y. Muraki,
the “stochastic” scenario, in which the fraction of LAEs that Journal of Cosmologyg (2010) 1970.

are turned on at = 3 (6) isCsioc~ 0.07 (0.2) after correcting
for the IGM attenuation. Our comparisons with a number
different observations suggest that the stochastic siceisar . : . -
preferred over the escape fraction scenario. We find that t @'@C.“C cosmic rays in the heliosphere and

mean values of stellar mass, metallicity and black hole ma eir influence on climate change

hosted by LAEs are all smaller in the stochastic scenario thin collaboration with the members of Univ. of Tokyo, Nagoya
in the escape fraction scenario. In our simulations, thexgal Univ. Hirosaki Univ. and National Institute of Polar Resgfar
stellar mass function evolves rapidly, as expected in hibia

cal structure formation. However, its evolution is largetym- We have investigated solar modulation of galactic cosmic
pensated by a beginning decline in the specific star formatit2ys around the Maunder Minimum based on beryllium-10

f . .
ci_ong-term changes in solar modulation of
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B Fig. 2. Comparison of cosmic rays and reconstructed climate around
S the Maudner Minimum (Yamaguchi et al., 2010). (a) Recon-
© structed relative humidity in Japan around June. (b) Recon-
(?) St structed temperature based on oxygen-18/oxygen-16 ratio in the

< > Greenland ice core by Vinther et al. (2003). (c) Beryllium-10 record
from Greenland ice core by Berggren et al. (2009). The blue
solar cycle - ;
shaded areas correspond to the solar cycle minima of polarity neg-
ative determined by carbon-14 record.

Fig. 1. Model of cosmic ray variations at present (above) and at . .
the Maunder Minimum (below) (Miyahara et al., 2009) estimated INfluence of solar rotation on the tropical

based on the results of numerical simulation of solar modulation ~convective clouds

by Kota and Jokipii (2001). For the Maunder Minimum, the range . . .
of the tilt angle is assumed to be 0-75 degrees. For this case, the ~IN collaboration with the members of Univ. of Tokyo and

variability of cosmic rays at negative solar polarity get anomalously Hokkaido Univ.
increased, resulting in the amplification of the 22-year cosmic-ray

cycles. We have examined the influence of the 27-day rotation of
the Sun on cloud formation. Total solar Irradiance (TSI}, so

records from ice cores. Variation of beryllium-10 contenf@r Ultraviolet (UV), and galactic cosmic rays change incass

provides the information on the state of solar modulation &fation with the 27-day rotation of the Sun. The variability
cosmic rays at sunspot absence, and thus the state of sBfafolar-related parameters at a range of 27-day periodstend
magnetic field and the heliosphere. We find that the variatid P€ larger at solar maximal periods. We have found that
of cosmic rays associated with solar polarity reversalsewe}’® 27-day solar rotational period affect cloud activitamd
unique at the Maunder Minimum. About 30-50 the Western_PaC|f|c Warm Pool _(WI?WP) and I_n(_jlan Ocean.
The generation of 30-60 day period in cloud activity called a
o Madden-Julian Oscillation (MJO) in tropics has not beer wel
Bibliography understood. We suggest that its rhythm is under the control o
[1] H. Miyahara, Y. Yokoyama, and Y. T. Yamaguchi, Properiodic variation of solar related parameters. Our study a
ceedings of the IAU symposium No. 264, (2009) 427. suggests that the areas 27-day variations are detectatlare i
[2] Y. T. Yamaguchi, Y. Yokoyama, H. Miyahara, K. ShOenced by the two phases of Quasi-Biennial Oscillation (QBO)

and T. Nakatsuka, Synchronized Northern Hemi" the stratosphere (Fig. 3).

sphere Climate Change and Solar Magnetic Cy-

cles during the Maunder Minimum, Proceedings oBibliography

the National Academy of Sciences, (2010) doi:[1] Y. Takahashi, Y. Okazaki, M. Sato, H. Miyahara,

10.1073/pnas.1000113107. K. Sakanoi, and P. K. Hong, Atmospheric Chemistry and
Physics10(2010), 290.
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a  QBOEast/SolarMax b  QBOWest/Solar Max reliable short-term record of variations since 1978. Hogrev
o 2N o N this instrumental record has not yet led to a consensustresul
| i for solar variations on multi-decadal and longer timesgale
is important to clarify the actual variability of TSI in tesof
distinguishing the contribution of change in TSI to the leitt
Ice Age. We have conducted the re-analysis of thermal prop-
erties of lunar regolith obtained by the Apollo Heat Flow Ex-
periments, and conducted numerical simulations of heat flow
in the regolith. We have shown that the historical changes in
Total Solar Irradiance can be distinguished by small but po-
= ; A tentially detectable differences in temperature, on ttike oof
g e oo gy R e i e e ¥ 0.01 K and larger depending on latitude, within 10 m depth of
the Moon’s surface (Fig. 5). In order to accomplish this ex-
periment, we are now conducting discussions on the possible
future missions. We are now discussing the potential prelim
inary mission for shallower depth at the next Japanese lunar
[2] P. K. Hong, H. Miyahara, Y. Yokoyama, Y. Takahashilanding mission.
M, Sato, Implications for the low latitude cloud for-
mations from solar activity and the Quasi-Biennial Os-. ., .
cillation, Journal of Atmospheric and Solar—Terrestrizﬁlblmgraphy

Physics (2011), doi:10.1016/.jastp.2010.11.026. [1] H. Miyahara, G. Web, and R. F. Cahalan, Geophysical
Research Letter35(2008), L02716.

soN (T, g he O “a N

o 60°E 120°E 180°'W 120°'W 60°'W  0° o 60°E 120'E 180°'W 120'W 6&0'W 0°

c QBOEast/Solar Min 4 QBO West/ Solar Min

Fig. 3. Power of the 27-day periodicity in cloud activity for solar max-
ima/solar minima and for QBO easterly/westerly phases.

Reconstruction of climate change based on
stable isotopes in tree rings

In collaboration with the members of Univ. of Tokyo, Nagoya
Univ. and Tokyo Institute of Technology. =

_ _ = 0,005 |\ gos
We are now conducting the measurements of multiple sta—%‘

ble isotopes in tree rings from Japan in order to reconstruct §
the climate changes during the past two millenia in Japan. We s -0.01 ¢ 40S
have mainly conducting measurements using the 1850-year§

old cedar tree from Yakushima (Fig. 4) as well as the recents -0.015
150-year trees from the same area for the calibration.

Equator

Tempe

-0.02 ‘ ‘ ‘ ‘ : ‘ :
0 5 10 15 20 25 30 35 40
Depth (m)
Fig. 5. Temperature anomalies in lunar regolith as response to 2
W/m?2 difference in total solar irradiance at the Maunder Minimum,

at the equator, mid-latitude (40S) and near the south pole (80S)
(Miyahara et al., 2008).

Theory Group
We have studied particle physics (mainly particle physics
Fig. 4. Japanese cedar tree used in this study. The tree has been phenomenO|Ogy) and aStrOpamde phySICS (mamly paartlcl

obtained from the Yaku Island. cosmology).
The supersymmetric (SUSY) extension of the standard

model (SM) in the particle physics is considered to be one

Deriving Historical Total Solar Irradiance of the most promising models beyond the standard model. It
from Lunar Borehole Temperatures solves the naturalness problem for the Higgs boson mass term
In collaboration with the members of JAXA andihthe standard model, and itis also compatible with the gran
NASA/Goddard Space Flight Center. unified theories (GUTSs). Our group has been studying phe-

nomenological and cosmological aspects of the SUSY mod-

As the Moon lacks atmosphere as well as any influenets.
of human activities, lunar borehole temperatures are pilyna Recent cosmological observations determine precisely the
driven by changes in solar irradiance. Variations of total s mean densities of matter and baryon in the Universe, and ex-
lar irradiance (TSI), directly measured by radiometers flonistence of non-baryonic dark matter is established. Weakly
onboard several satellites in recent decades, have pebeideinteracting massive particles (WIMPSs) are considered to be
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good candidates of the dark matter. They act as the cdidn is smaller than the previous results by more than anrorde
dark matter in the structure formation of the universe. Owf magnitude, while the cross section of the first Kaluzaile
group has been studying model building for dark matter aqphoton dark matter turns out to be larger by up to a factor of
detectability in direct and indirect search experiments. ten.

For understanding of the early universe, a role of the ele-
mentary particle physics is crucial. Recent progress ip#re Bibliography

ticle physics such as grand unification theories and supersy ,[j] J. Hisano, K. Ishiwata and N. Nagata, Phys. Re8D

metry leads us to a more deeper insight into the fundament - K
aspects of the early universe. In the inflationary univetfse, (2010) 115007 [arXiv:1007.2601 [hep-ph]].

guantum fluctuations of the scalar field which drives the infla[2] J. Hisano, K. Ishiwata and N. Nagata, Phys. Let6 ¥

tion become the density fluctuations and lead to formation of  (2010) 311 [arXiv:1004.4090 [hep-ph]].

the structure observed in the present universe. On the oth

hand cosmology and astrophysics are used to test new th

ries in particle physics. Such particle cosmology is one of

main subjects of our group. . . )

Big Bang Nucleosynthesis (BBN) is one of the most imD'reCt Detection of Electroweak-Interacting

portant subjects in modern cosmology. Predicted abundang%ark Matter

of the light elements are very sensitive to the cosmologicial collaboration with the members of ICRR .

scenario. On the other hand, physics beyond the standard

model predicts the new particles which would have existed Assuming that the lightest neutral component in an

at the BBN epoch. Such particles may spoil the success 3 (2). gauge multiplet is the main ingredient of dark mat-

BBN, which leads to constraints on the new particles and tiey in the universe, we calculate the elastic scatteringscro

particle physics models. section of the dark matter with nucleon, which is an impadrtan

The grand unified theories (GUT) predict that our univergguantity for the direct detection experiments. When theédar

undergoes several vacuum phase transitions. In the coumsaiter is a real scalar or a Majorana fermion which has only

of phase transitions topological defects (monopoles, @osnelectroweak gauge interactions, the scattering with cuiark

strings and domain walls) are generally produced dependiagd gluon are induced through one- and two-loop quantum

on symmetries of the vacua. Our group has studied evolutiprocesses, respectively, and both of them give rise to com-

of various topological defects. parable contributions to the elastic scattering crossisect
We evaluate all of the contributions at the leading order and
find that there is an accidental cancellation among them. As

] J. Hisano, K. Ishiwata, N. Nagata and M. Yamanaka,
arXiv:1012.5455 [hep-ph].

Particle Phenomenology a result, the spin-independent cross section is found to be

[Spokesperson : J. Hisano] ©(10(46-48)) cnr?, which is far below the current experimen-
tal bounds.

Gluon contribution to dark matter direct de-

tection Bibliography

In collaboration with the members of ICRR, Nagoya Univer-[1] J. Hisano, K. Ishiwata, N. Nagata, T. Takesako,

sity, IPMU, California Institute of Technology, Univergiof [arXiv:1104.0228 [hep-ph]].

Tokyo, and MISC .

We calculate the nucleon-dark matter elastic scatterigstrophysics and Cosmology
cross sectiqn qt the leading order of the strong coupling €Y pokesperson : M. Kawasaki]
stantas, which is relevant to the dark matter direct detection
experiments. Our approach based on the effective field yhe . . .
reveals that the interaction of dark matter with gluon ad a| Kahler moduli double inflation
quarks yields sizable contribution to the scattering ceess  In collaboration with the members of ICRR.
tion, though the gluon contribution is induced at loop level ) o . )
In the evaluation of the contribution, we treat separately t  We show that double inflation is naturally realized in
loop diagrams whose typical loop momentum scales are t@hler moduliinflation, which is caused by moduli assceiat
masses of quarks and other heavier particles. Then, we h#{j#h string compactification. We find that there is a small-cou
properly taken into account each contribution and comglet@ling between the two inflatons which leads to amplification
formulae for the cross section. As an application of our foff perturbations through parametric resonance in theriméer
mulae, we study the direct detection of pure bino[1] and wirjate stage of double inflation. This results in the appezan
dark matter[1, 2] in the supersymmetric model, and the fir8f & peak in the power spectrum of the primordial curvature
Kaluza-Klein photon dark matter in the minimal universal exPerturbation. We numerically calculate the power spectrum
tra dimension model[3]. It is found that there is a substantiand show that the power spectrum can have a peak on observa-
difference between all of the results and those in the previotionally interesting scales. We also compute the TT-spetr

works. In the wino dark matter scenario we find the cross sef CMB based on the power spectrum with a peak and see that
it better fits WMAP 7-years data.
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Bibliography inflation model on the reheating temperature which influsnce
[1] M. Kawasaki and K. Miyamoto, JCAP102 004 (2011) the amplitude and shape of the spectrum, and find that the
[arXiv:1010.3095 [astro-ph.CO]]. gravitational waves could be detected for chaotic/nainfta-
tion models with high reheating temperature. From the detec
Inflation from a Supersymmetric Axion tion of the gravitational waves, a lower bound on the reimegti
Model temperature could be obtained. The implications of thislow

) ) “bound on the reheating temperature for particle physics are
In collaboration with the members of ICRR and Tohoku Univ, 54 discussed.

We show that a supersymmetric axion model naturally in-
duces a hybrid inflation with the waterfall field identified agibliography
a Peccei-Quinn scalar. The Peccei-Quinn scale is predictddl] S. Kuroyanagi, T. Chiba and N. Sugiyama, Phys. Rev. D
to be around 1¥GeV for reproducing the large-scale den- 83, 043514 (2011) [arXiv:1010.5246 [astro-ph.CO]].
sity perturbation of the Universe. After the built-in laieie

entropy-production process, the axion becomes a dark maftgfects of Light Fields During Inflation

candidate. Several cosmological implications are dismliss . .
In collaboration with the member of IPMU.

Bibliography In the inflationary universe, there can be light fields other
[1] M. Kawasaki, N. Kitajima and K. Nakayama, Phys. Revhan the inflaton. We explore a possibility that such ligHtie
D 82, 123531 (2010) [arXiv:1008.5013 [hep-ph]]. source the primordial perturbations, while minimally afiag
the inflaton dynamics. We show that during inflation, fluctu-

Prospects for Direct Detection of Inflation- ations of the light fields can be converted to adiabatic curva
ary Gravitational Waves by Next Generation ture perturbations, which accumulate and become signtfican
Interferometric Detectors by the end of the inflationary era. An additional goal of this

) ) ) ) work is to distinguish between light fields which can/cannot
In collaboration with the member of ICRR, Nihon Univ. andye jgnored during inflation. Such criteria become useful for

Nagoya Univ. examining cosmological scenarios with multiple fields. As
concrete examples, our results are applied to D-brane infla-

15 — tion models. We consider eﬁgcts from KK mod_es (oscillat!on

m?2 ¢2 modes) of wrapped branes in monodromy-driven large-field

4 ] models, and angular directions of throat geometries in @rp

_155 T i\wﬁturol . D-brane inflation.
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—16.5 Non-Gaussianity from Lifshitz Scalar

In collaboration with the members of IPMU.
=17 r A Lifshitz scalar with the dynamical critical exponent z
— = 3 obtains scale-invariant, super-horizon field fluctuadio
2 without the need of an inflationary era. Since this mechanism
is due to the special scaling of the Lifshitz scalar and g&ssi
in the presence of unsuppressed self-couplings, the mgult
Fig.1. Spectra of the gravitational wave background for dif- fluctuation spectrum can Qeviate fromaGau_ssia_m dist[ibuti.
ferent inflation models and different reheating temperatures We study the non-Gaussian nature of the Lifshitz scalar’s in
Trr = 10°,107,10°GeV, shown with the sensitivity curves of DE-  trinsic field fluctuations, and show that primordial curvatu
CIGO (dotted) and BBO (solid). perturbations sourced from such field fluctuations can have
large non-Gaussianity of ordégL = O(100), which will be

detected by upcoming CMB observations. We compute the

We study the potential impact of detecting the inflatiorb. : . :
L ispectrum and trispectrum of the fluctuations, and discuss
ary gravitational wave background by the future spaceas eir configurations in momentum space. In particular, ke b

gravitational wave detectors, such as DECIGO and BBO. : : ) ;
The signal-to-noise ratio of each experiment is calculébed pectrum is found to take various shapes, including the Jocal
equilateral, and orthogonal shapes. Intriguingly, alegrals

chaotic/natural/hybrid inflation models by using the pseci . T . .
- o in the in-in formalism can be performed analytically.
predictions of the gravitational wave spectrum based on nu-

merical calculations. We investigate the dependence df eac
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Fig. 2. Differential energy spectrum of radiated axions. Green (red)
bars correspond to statistical errors alone (statistical and system-
atic errors). T is the conformal time at the phase transition. The
scale in y-axis is arbitrary.

Cosmological evolution of axionic string network is ana
lyzed in terms of field-theoretic simulations in a box of 8§12
grids, which are the largest ever, using a new and more el
cient identification scheme of global strings. The scaliag p
rameter is found to bé = 0.87+ —0.14 in agreement with
previous results. The energy spectrum is calculated mscis
using a pseudo power spectrum estimator which significanuy
reduces the error in the mean reciprocal comoving MOMERyy 3. The distribution of the potential energy and the phase of the
tum. The resultant constraint on the axion decay constant pQ field.
leads tofy <= 3% 101 GeV. We also discuss implications
for the early Universe.
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y ppear. P e spectrum changes at two characteristic frequencies-cor

simulations qf domain wall _networks and_estlmate the dqu onding to the Hubble radius at the decay of domain walls
rate of domain walls. By using the numerical results, we giv

. ; A, and the width of domain walls, and that the spectrum between
a constraint for the bias parameter and the Peccei-Quile.sc b

. o . >Cthese two characteristic frequencies becomes flat or §light
\é\sgfig:'gf ursas\/ti?aetirc;cr)]z?\/t\)/!:\t/)gso F;LO dbuec?é'%n ?:rig;t\),vﬁ?l';ered tilted. The second method enables us to evaluate the GW
9 P y “spectrum for the frequencies which can not be resolved in the

finite box lattice simulations, but relies on the assumstifam
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Norikura Observatory

Location: Iwaitani, Nyukawa-cho, Takayama-shi, Gifu Rrfire 506-2254
N 36°06, E 13733, 2770 m a.s.l.

Telephone (Fax): +263-33-7456

Telephone (satellite): 090-7721-5674

Telephone (car): 090-7408-6224

Akeno Observatory

Location: 5259 Asao, Akeno-machi, Hokuto-shi, Yamanasafdétture 407-0201
N 35°47, E 13830, 900 m a.s.l.
Telephone / Fax: +551-25-2301/ +551-25-2303

Kamioka Observatory

Location: 456 Higashi-mozumi, Kamioka-cho, Hida-shi,3ffrefecture 506-1205
N 36°2526", E 1371911", 357.5 m a.s.l.
Telephone / Fax: +578-85-2116/ +578-85-2121

Research Center for Cosmic Neutrinos

Location: 5-1-5 Kashiwanoha, Kashiwa, Chiba Prefectuie 582
Telephone / Fax: +4-7136-3138/ +4-7136-3115
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NORIKURA OBSERVATORY

Introduction Cosmic Ray Physics

Norikura Observatory (36.Z01 and 137.5%E) was For the modulation study[2], two small experiments have
founded in 1953 and attached to ICRR in 1976. It is locatdrben operated continuously for a long time. One is a neu-
at 2770 m above sea level, and is the highest altitude mannexh monitor operated to study the correlation of solar ac-
laboratory in Japan. Experimental facilities of the laltora tivity and the cosmic ray flux. The other is a high count-
are made available to all the qualified scientists in the fild ing muon telescope consisting of 36 racintillation coun-
cosmic ray research and associated subjects. The AC elediers to study the time variation of cosmic rays with energies
power is generated by the dynamo and supplied throughafitt0—-100 TeV over 20 years. The neutron monitor data are
the observatory. In 1996, two dynamos of 70 KVA each wer@pen to researchers worldwide as a world observation net-
replaced with the new ones. The observatory can be accesaedk point (WDC). The 5 years from 2000 corresponded to
easily by car and public bus in summer (July-September). Ttee solar maximum (2000) to a declining phase in the solar
50th anniversary of Norikura Observatory was celebrated aycle 23. The sun spot number in 2004 is approximately one
2003. fourth of the those at maximum. Nonetheless, there occurred

The feasibility of the automatic operation of Norikura Obactive cosmic-ray phenomena associated with Coronal Mass
servatory during winter period has been tested since wintéfection (CME). As regards solar cosmic rays, although many
2004 in order to study the possibilities to reduce mainteranground level enhancement (GLE) phenomena took place ev-
and labor costs without seriously damaging to the use of rery year, such GLEs were observed only by neutron monitors
searches. A long-distance-40km) wireless LAN system in Japan, as the maximum cosmic-ray energy was several GeV
(11M bps) was set up in 2003. Two new easy-to-handle aimdthe GLEs and the magnetic rigidity cutoff in Japan is ap-
easy-to-maintain dynamos of 115 KVA each were installggtoximately 10 GeV for charged particles initiating secand
in 2004 as well. The unmanned operation of Norikura Obmuons. The sunspot numbersin the solar cycle 23 was smaller
servatory was successful in the first winter, during whioh ththan those in the previous cycle 22, indicating less sol@-ac
battery backed-up solar panels and/or wind power generatdies of cycle 23. Although the GLEs above 10 GeV were not
kept supplying the electricity to the wireless LAN and onebserved in cycle 23, the total number of GLEs were greater in
going cosmic-ray experiments. cycle 23 than in cycle 22. This suggests that the charged par-
ticle acceleration associated with CME was less frequent in
the cycle 23 than in the cycle 23. On the other hand, Forbush
decreases in galactic cosmic rays caused by CME in the Sun
were observed frequently in cycle 23, though the solar activ
ties have beenin a declining phase since 2000. The worldwide
observation of Forbush decreases may contribute signifjcan
to space weather study.

In addition, space weather observation is actively made
by a 25 nf muon hodoscope at Norikura Observatory[1],
[21,[31.[4].[5], [6].[7].[8]- A loss cone anisotropy is aderved
by a ground-based muon hodoscope in operation at Norikura
Observatory in Japan for 7 hours preceding the arrival of an
interplanetary shock at Earth on October 28, 2003. Bestditti
a model to the observed anisotropy suggests that the logs con
in this event has a rather broad pitch-angle distributioth ai
half-width about 50 from the interplanetary magnetic field
(IMF). According to numerical simulations of high-energy

Present major scientific interests of the laboratory is fdarticle transport across the shock, this implies that treek
cused on the modulation of high energy cosmic rays in tfi& @ "quasi-parallel” shock in which the angle between the
interplanetary space associated with the solar activitytae magnetic field and the shock normal is only. 6lt is also
generation of energetic particles by the solar flares, béth guggested that the leadtime of this precursor is almostinde
which require long-term monitoring. This research has be@gndent of the rigidity and about 4 hour at both 30 GV for
carried out by the group of universities, where ICRR prgnuon detectors and 10 GV for neutron monitors (see paper
vides them with laboratory facility. A part of the facilityals  [7])-
been open for the environmental study at high altitude secha The Sun is the nearest site to the Earth capable of accel-
the aerosol removal mechanism in the atmosphere or for tting particles up to high energies. When the Sun becomes
botanical study of the high altitude environment. active, flares are frequently observed on its surface. The fla

accelerates the proton and ion to high energy and they are de-

Fig. 1. Norikura Observatory.



60

tected on the Earth soon after the flare. Among the particlebdays with such excesses for the period 26 October 1990 to
generated by the flare, high energy neutrons provide the ma&tJanuary shows the expected summer maximum in the rate
direct information about the acceleration mechanism ag thef occurrence and, surprisingly, a 26-day variation. Arcele
come straight from the flare position to the Earth without deric field mill was installed to help determine the relatibis
flected by the magnetic field. between the intensity variations and the strength and direc

In 1990, Nagoya group constructed a solar neutron teléen of the field near the detector system: the excess is lysual
scope consisting of scintillators and lead plates, whicla-meobserved when a negative electric field (accelerating negat
sures the kinetic energy of incoming neutrons up to sevexdarges downward) greater than 10 kV/m is present in the at-
hundred MeV. This telescope observed high energy neutranssphere above the observatory. Based on Monte Carlo sim-
associated with a large flare occurred on the 4th of June,.198lations, it is predicted that excess counting rates measur
The same event was simultaneously detected by the neutwdthout charge discrimination will be expected as a conse-
monitor and the high counting muon telescope of Norikurguence of the excess of positive muons among the secondary
Observatory. This is the most clear observation of solar necosmic rays.
trons at the ground level in almost ten years since the first Subsequently, during thunderstorms on 2008 September
observation at Jungfraujoch in 1982. 20, an intense radiation burst, comprisingys and electrons,

A new type of the large solar neutron telescope (64 nwas detected [11] by at the Norikura observatory. Outsige th
sensitive area) was constructed by Nagoya group in 1996.oliservatory, a radiation detection system was set up on 2008
consists of scintillators, proportional counters and wabd September 4, and operated it until 2008 October 2. The sys-
sorbers piled up alternately. This takes a pivotal role agreon tem has a radiation monitor and environmental sensors. The
worldwide network of ground based solar neutron telescopesdiation monitor consists of a spherical Nal scintillatoth a
of the same type in Yangbajing in Tibet, Aragatz in Armeniadiameter of 7.62 cm, and a 5 mm thick plastic scintillatorwit
Gornergrat in Switzerland, Chacaltaya in Bolivia and Maunan area of 45< 40 cnf. The plastic scintillator is enclosed
Kea in Hawaii. The Sun is being watched for 24 hours usirig an aluminum box with the top and bottom being 1 mm and
this network. 3 mm thick, respectively. Each scintillator has a photomult
plier (HAMAMATSU R878) of its own, and each output sig-
nal is fed to a self-triggering electronics system, incogbiog
a 12 bit ADC. The burst, lasting 90 seconds, was associated
with thunderclouds rather than lightning. The photon spec-
trum, extending to 10 MeV, can be interpreted as consisting
of bremsstrahlung rays arriving from a source which is 60
- 130 m in distance at 90% confidence level. The observed
electrons are likely to be dominated by a primary population
escaping from an acceleration region in the source.

In addition to the long-term cosmic-ray observations men-
tioned above, various kinds of short-dated experiments are
carried out every year taking an advantage of the high dkitu
of the observatory. A few examples include a search for su-

Fig. 2. New Solar-Neutron Telescope of Nagoya Group. per heavy particles with plastic plates, a precise measemem
of atmospheric gamma rays and muons, collection of cosmic
dusts contained in the snow,measurement of air fluorescence

The Sun reached the maximum activity in 2000 and the dight yield for ultra high-energy cosmic-ray observatiomda
tive phase continued for the next few years. All the teleesopthe performance study of the balloon borne cosmic ray exper-
in Norikura Observatory, neutron telescope, neutron noonit iments.
muon telescope and muon hodoscope, have been operated al-
most continuously through the solar cycle 23 in order to mbtaEnvironmentaI Study

comprehensive information on the solar flare phenomena. Im- _ _ . . .
One of the interesting topics is atmospheric environment

portant hints for understanding the mechanism of cosmjc-ra . . . : :
specially relating with atmospheric aerosol particled aa-

acceleration near the solar surface will be obtained bydhet% ubl B f its height. AC |
measurements, especially by energy spectra measured by fiie0lube gases. because ot 11s height, power supply,

timing information of arriving neutrons and muons. aqcommok;jatlontfacnlti/,MatndNac_(Les&b|I|ty_gf cargos, tbe_—c
Furthermore, the relation between the electric fields o /c ray observatory at Vit. Norikuira provides a very unique

duced by thunderclouds is studied recently[10]. The eitecthportunity for atmospheric observation, especially feet

fields with thunderclouds change the intensity of second i posphelric (_:onditions. (The atmosphere onver than a few
cosmic rays observed on the ground. This effect has be meter is highly affected by the ground. This height leve

investigated using several detectors located at Norikura N narged ?s atmostp:hetrlz ioupdgry 't‘?‘yer- Bhebhel?gtl? f the
servatory where excesses of 1 % and more of the aver hr':t' ary ayer:js’\? c_)lg min Tﬁy 'Te an ha Ort:_ h n,:h'n
counting rate are observed when the observatory is cove Ime around Norikura area. The almosphere nigher than

with thunderclouds. A frequency analysis of the time serigd'S atmospheric boundary layer is called ‘free troposphpr
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Originally, atmospheric observation at the cosmic ray obselust, and of smoke from Siberian forest fire at lower free tro-
vatory was initiated to study cosmogenic radionuclideshwitposphere have been detected.

Prof. Suzuki at Shizuoka University. During early stage of
the research at Mt. Norikura, a local effect of air contanB

o . . o otanical Study
ination was recognized. To reduce air contamination from It dicted that ¢ in hiah-latitud d aloi
diesel exhausts and other activities around the obsegyator 'S predicted that ecosystems n high-latitudes and aipin

an amospheri obseruton ut (6was nsaled t the 901 2 Sersive 0 gl et waming. e Jon,
west end (windward) of the observatory in September 199F tai E Mt Norik P located. Th ffocts of
From year 2000, continuous monitoring (mostly mid-May t ountains, where L. Rorikura IS located. 1hus, etiects o

mid-October) of meteorology was started, number-size digl-'mmIC change caused by global warming on alpme ecosys-
tems must be urgently studied in the alpine region of central

X . . . e

tribution of aerosols, dew point, aerosol chemical compos . . : :

tion, ozone and radon concentrations, and column amount‘j an. The H'd.a Mognta|_ns, stronglly influenced by cold—a|r
asses from Siberia in winter, receive some of the heaviest

aerosols from sky radiometer and ceilometer. Monitoring &F . )
y g owfall in the world. Due to heavy snowfall, dynamics of

ozone and radon concentrations was extended during 2 w?tll? . : b liar to the Hida Mountai
ters from 2001 to 2003. During summer season, also coIIect%gIne ccosystems may be pecufiar 1o the Hida Viountains.

were rain, fog, water-condensed aerosol samples. These s wever, few studies .have been. made bacause .Of difficulty
ples combined with other parameters were used in several tH‘éapproach o the alpine study site. The |nte_r—un|ver$%y r
sis (master) works and provided useful information about fﬁearch progrgm ﬁf ICRR, gavde_an hopplor_tunlty t_o makeMan
ture seeds of hygroscopic study of aerosols. During thek‘pas',ﬂ(t)erinksu“r/ae[lsé;j [56? year around in the alpine region on Mt
years, the following results[12],[13],[14] were obtairedut. e

Norikura. (1) Tree line dynamics
(1) Polluted air pumping effects over central Japanese WIPS  The tree form of evergreen sub-alpine fir (Abies mariesii)
summer is studied at the upper distribution limit (2500m above sea

. . level)

Under the clear sky conditions in summer, polluted alf .
from mountain valley area is lifted up about 4km of altitude n M. Norlkurak. I_Lea%e; ster:r_]shdege?]erate atljaove I"][he
(1km above the mountain top) over Mt. Norikura. The heig aximum snowpack line (3-4m high) , whereas branches

of observatory is within the atmospheric boundary layehm t ElOW the snovvkplack line grow dlengzely. Ir:j\évmter,_ leaves
daytime, and is out of (higher than) the atmospheric boqndaq' OVE Showpack lineé were Severely damaged by environmen-
al stresses, such as abrasion by wind-blown snow patrticles

layer in nighttime. The ratio of aerosol volume concentrati desiccai hotoinhibit L it of | h
for daytime (polluted valley wind) to nighttime (clean free esiccation, photoinhibition. LONGEVILy o leaves wasrino
(?_ned to 4-5 years due to high mortality rate in winter. In con-

tropospheric) conditions was about 10. The air pumping € ol bel K i tected f .
fects over central Japanese Alps carry about 10 time higﬁrea}s » 1€aves DEIoW snowpack fine were protected from envi-

concentration of aerosols to the free-troposphere Ovan]argonmental stresses and their longevity was 11 years. As a re-

in summer. Under the high-pressure system centered over fhib biomass below the snowpack line takes more than 80with

northwest Pacific in typical summer condition, backward aff :;riri[fng?iaer;ﬁe should have unfavorable effects on tree line

trajectories were originated from the northwest Pacific to M

Norikura and forward trajectories returned to the northifac () Alpine region

with some deviations to east Russia and the Kurile Islands.

The air pumping effects over mountain area provide a strong Pinus pumila, an alpine prostrated pine, is dominant in

pollution source mechanism to the free-troposphere ower tthe alpine regions (25603000m above sea level). At wind-

western Pacific region including East Asia. protected sites, Pinus pumila grows vigorously with the tre
height of 1-2m. They were beried in snowpack throughout the

(2) Seasonal variation of aerosol chemistry in free trob@se \yinter. At the wind-exposed ridge, growth is suppressed wit

t[he tree height of 0.2-0.5m. Throughout the winter, the sur-

An automated aerosol sampler was installed at the sitef e of the pine community was exposed due to strona wind
September 2000 to obtain seasonal aerosol samples. The s ﬁ_‘ e p y P ng
the ridge. Leeward leaves were sound, because pine stems

pler collected aerosols from mid-May to mid-October in 200%_&‘:l high elasticity were prostrated and buried in snow, Shu
|

and 2002. Results of its analysis showed seasonal chan . !
in major and minor constituents of aerosols associating wi pin€ pine can catch and accumulate Snow 0 prptect |tself..
changes of dominant air mass type over Japan. his faature may be advantageous tp a_I_plne trees in compari-
son with sub-alpine trees (Abies mariesii). On the othedhan
(3) Vertical profiles of aerosols and clouds near the top ef tiat the windward side (western), cuticular layer covering ep
atmospheric boundary layer dermal cells of leaf was abraded probably due to wind-blown
snow and ice particles. By spring, abraded leaves at the-wind
Ceilometer (lidar with small output energy) was installegvard side were dead caused by desiccation and photoinhibi-
in summer 2002, and was operated in 4 summer seasons. fibg. Even Pinus pumila community could reduce its habitat
aerosol and cloud profiles near the top of the atmosphelicsmall snowfall condition caused by global warming.
boundary layer have been observed. Some events of Asian
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Impact of global warming due to so-called greenhouse
gases like CO2, CH4 and others on vegetation ecology is
among the most serious environmental issues. To investi-
gate how plants response to global warming, an experiment
of greenhouse effect on vegetation has been continued at a
high mountain, Mt. Norikura (3,025 m a.s.l.), central Jgpan
since 1997. Five open-top chambers which are small greerm
houses with a size of maximum open-top diameter, the max-
imum basal diameter and the height of the chamber were 47
cm, 85 cm and 30 cm, respectively, were set over alpine plant
communities consisting of small woody plants and herbaseou
vegetation. At places inside and outside of the chambegis, se
sonal changes in vegetation growth and phenology were o
served every month. Using automatic data-recorders, some
climate elements such as air and ground temperatures, humid
ity and rainfall have been observed every hour. Some results
through the experiment were quite remarkable. Due to the
temperature enhancement of about 0@ for air tempera-
ture and about 0.3C for ground temperature, plant growth
rates and phenological changes showed notable differences

J. W. Bieber, P. Evenson, R. Pyle, Z. Fujii, M. Toku-
maru, M. Kojima, K. Marubashi, M. L. Duldig, J.
E. Humble, M. Silva, N. Trivedi, W. Gonzalez and
N. J. Schuch,Geophys. Res. Lett., Vol.31, 019803,
doi:10.1029/2004GL020803 (2004).

“A “loss-cone” precursor of an approaching shock ob-
served by a cosmic-ray muon hodoscope on October 28,
2003", K. Munakata, T. Kuwabara, S. Yasue, C. Kato,
S. Akahane, M. Koyama, Y. Ohashi, A. Okada, T. Aoki,
H. Kojima and J. W. Biebefeophys. Res. Lett., Vol.32,
L03S04, doi:10.1029/2004GL021469, 2005.

lf8] “CME-geometry and cosmic-ray anisotropy observed by

a prototype muon detector network”, K. Munakata, T.

Kuwabara, J. W. Bieber, P. Evenson, R. Pyle, S. Yasue,

C. Kato, Z. Fujii, M. L. Duldig, J. E. Humble, M. R.

Silva, N. B. Trivedi, W. D. Gonzalez and N. J. Schuch,

Adv. Space Res., d0i:10.1016/j.asr.2003.05.064, 2005, in
ress.

between inside and outside of the chambers. The responseq® “Acceleration below Thunder Clouds at Mount

warming, however, were different by different plant spscie
The results suggest[17],[18] that dominant species intplan
community should be replaced by the species with a high
physiological response to warming and with a growing form
extending tree crown.

[10]
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AKENO OBSERVATORY

The Observatory is in Akeno town of Hokuto-city situated \"Fﬁ
20 km west of Kofu and 130 km west of metropolitan Tokyo.
The location is at the longitude of 138EBand the latitude of | L ;
35.5N. The altitude is~900 m above sea level (Fig.1). 4

The Observatory was established in 1977 as a researct,
center for air shower studies in the very high energy region.
It has been administered by the ICRR as a facility of joint-
university-use.

The Akeno Air Shower Experiment started in 1979 with
an array covering 1 kfarea (1 km array). The array was
enlarged to 20 krhin 1985 and was gradually expanded to
Akeno Giant Air Shower Array (AGASA) of approximately
100 knt area by 1990.

Fig. 2. AGASA scintillation detector and data acquisition system.

the university users; one for the observation of galactis-co
mic ray modulation by the muon telescope and another for
the rapid follow-up observation of gamma ray bursts by the
multi-color robotic telescope. Itis also used for supparthe
operation of TA and various research and development works
Fig. 1. Aerial View of Akeno Observatory and 1 km? array area related to the measurement of very high energy cosmic rays.

One of the distinctive features of Akeno experiments is
that the measurement was made over five decades of energies
well covering 18° eV - 10?° eV by using both the surface de-
tector (for electromagnetic component) and the shielded de
tector (for muon component). The wide energy coverage was
accomplished by the arrays of scintillation detectors af-va
ous inter-detector spacings from 3 m to 1 km and with differ-
ent triggering conditions.

The AGASA was an air shower array composed of 111
scintillation detectors and 27 muon detectors. Each compo-
nent was placed by about 1 km separation and covered the
ground area of 100 kfin the neighboring villages of the ob-
servatory. All detectors were interconnected by opticadrib
for the precise timing determination and the data transmis-
sion (Fig.2). The AGASA was the largest air shower array in
the world. Its operation was ceased in January of 2004 after
the construction of Telescope Array (TA) had been funded in
2003.

The AGASA observed a total of 11 events with energies
exceeding 1&eV in 13 years of operation, and heralded rich
physics of ultra-high energy cosmic rays now being explored
by the Pierre Auger Observatory in Argentina and the Tele-
scope Array (TA) in Utah, USA.

The observatory currently supports two experiments by
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KAMIOKA OBSERVATORY

Kamioka observatory is located at 1000 m undergroumdent) has also been performed in an underground laboratory.
(2700 m water equivalent) in the Kamioka Mine, Gifu prefecthe construction of the CANDLE experiment (Osaka Univ.),
ture, about 200 km west of Tokyo. The observatory was estabedouble beta decay experiment in the Kamioka Underground
lished in 1995 in order to operate Super-Kamiokande. The uBbservatory, has started in 2009. The study to improve the
derground laboratories are located under Mt.lkeno-yanth aneutrino detection sensitivity by adding gadolinium to 8up
accessible to the experimental site through a 1.7 km horizdtamiokande is on going. Especially in 2009, a new cavern
tal tunnel. The observatory also has surface researchibhgdd dedicated for the R&D study of the gadolinium project was
and a dormitory located at the distance of 15 minutes driexcavated. In order to support those experiments and also re
from the entrance of the mine. The Super-Kamiokande expéated R&D works, the Observatory is equipped with low back-
iment had discovered neutrino oscillations through theeobs ground Germanium detector, ICP-MS and so on to measure
vations of atmospheric and solar neutrinos (see the seftion extremely low radioactive backgrounds.

Neutrino and Astroparticle Division). The atmospheric heu
trino oscillation was confirmed by the K2K accelerator neu-
trino experiment, which was conducted between 1999 and
2004. A new long baseline neutrino oscillation experiment
(the T2K experiment) using a high intensity beam, 50 times
of the K2K neutrino beam, by the J-PARC proton accelerator
has started in 2009.

~ To Toyama (30km)

t #2  Reseach offices, dormitory

Fig. 1. Map of Kamioka observatory.

The low cosmic ray flux and low seismic noise environ-
ment in the underground site enables us to conduct varieus re
searches. There is a 100 m long laser interferometer, which i
a proto-type of the planned 3 km gravitational wave antenna
called LCGT, aiming to detect gravitational waves from ex-
traterrestrial sources (see section of Astrophysics @rdvi-
vision). Using the low radioactive background environmant
the Kamioka Mine, A dark matter experiment, called XMASS
is being prepared. The XMASS group has performed R&D
study using a small proto-type detector and subsequehdy, t
construction of the 800kg liquid xenon detector was stairied
2007 and will be ready for data taking by the summer in 201
The R&D study of a tracking type detector for dark matter
search by the Kyoto University group (the NEWAGE experi-

6ig. 3. 100 m baseline laser interferometers for gravitational wave and
" geophysics in Kamioka mine.
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RESEARCH CENTER FOR COSMIC NEUTRINOS

The Research Center for Cosmic Neutrinos (RCCN) wdmackground underground facility in the Kashiwa campus. The
established in April, 1999. The main objective of this cerfacility is currently equipped with 4 Ge detectors mainly fo
ter is to study neutrinos based on data from various obserthe measurements of cosmic radioactive isotopes. The sci-
tions and experiments. In order to promote studies of neaitrientific activities that are related to this facility is debed
physics, it is important to provide the occasion to dischss t elsewhere.
oretical ideas and experimental results on neutrino pBysic
Therefore, one of the most important practical jobs of tikis-c
ter is the organization of neutrino-related meetings. Omdtia
9, 2011, we hosted one domestic neutrino workshop on high-
energy cosmic neutrinos. About 30 physicists participated
this meeting.

Members of this center have been involved in the Super-

Kamiokande and T2K experiments, carrying out researches
in neutrino physics. Atmospheric neutrino data from Super-
Kamiokande give one of the most precise pieces of infor-
mation on neutrino oscillations. With increased data, it is
more important to have better predictions of the neutring.flu
Therefore, in addition to data analysis of the data fromehes
experiments, we work on calculating the atmospheric neatri
flux.

It is important that the general public knows about the
achievements of the present science. For this reason, wle hol
public lectures every year. From FY2009, two public lecture
per year are co-sponsored by this Institute and the Institut
the Physics and Mathematics of the Universe. The spring lec-
ture is co-organized by RCCN and the Public Relation Office
of ICRR. The public lecture was held on April 17 (Sat), 2010
at Kashiwa Library. About 100 people heard the lecture.

Fig. 1. Public lecture held in Kashiwa in April 18, 2009.

RCCN, together with the computer committee of ICRR, is
in charge of operating the central computer system in ICRR.
It had been highly utilized for the analyses and simulatiois
various cosmic-ray physics. In 2010, the total disk size was
increased by more than a factor of 2, allowing more data to
be studied by each research group. RCCN also supported the
users of the computer system, including physicists working
outside ICRR.

Since 2004, RCCN has been acting as a body for accept-
ing the ICRR inter-university programs related to the low-
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A. ICRR Workshops and Ceremonies

GWADW?2010 (Gravitational Wave Advanced Detector Workshop2010)
—Future directions for Laser Gravitational Wave Detectors-
Date: May 16-21, 2010
Place: Hearton Hotel Kyoto, Kyoto, Japan

Outline: The workshop was organized for experimentalists of gréeital wave detection in the world. Originally it used to

be held in annual base at Elba island in Italy. Since 2009ytivkshop place becomes to be in rotation among Europe, Aaeri
and Japan. This was the first time in Japan. In this workshepaid the groundwork for future detectors of gravitatiowales.
Leading the way would be lessons learned at CLIO, in pasiciiow to work underground and at cryogenic temperatures.
The ongoing operations at Enhanced LIGO, Virgo+, TAMA andd®&B0 gave us an understanding of some of the problems to
be faced in building and operating second generation Ads@dbetectors (Advanced LIGO, Advanced Virgo, LCGT, AIGO
and GEO-HF) and in planned third generation detectors likeTlhey might also impact plans for space based antennae such
as LISA and DECIGO. The organizers hoped that young scisraisd students would find the means to attend and this was
finally satisfied by the attendance of many young scientists.

Participants: 40 from Japan, 19 from USA, 15 from UK, 10 from Italy, 8 from Rca, 7 from Germany, 3 from Australia, 3
from Netherlands, 1 from Russia, and 1 from Taiwan.

International Symposium on the Recent Progress of Ultra-Hyh Energy Cosmic

Ray Observation
Date: Dec 10-12, 2010
Place: Nagoya Congress Center, Aichi, Japan

Outline: In this Symposium, recent progress of Ultra-High Energyr@icsRay (UHECR) observation was reviewed. Such
topics as the energy spectrum, mass composition, hadmei@ctions at extremely high energy, anisotropy and ardirec-
tions of UHECRSs were reported and discussed. Future lage gcound experiments and space observatories were regiew

Participants: 59 from Japan, 19 from USA, 8 from Italy, 8 from Korea, 6 fromr@any, 5 from France, 3 from Russia, 2
from Belgium, 1 from China, 1 from Ireland, 1 from Mexico, ahdrom Spain.

B. ICRR Seminars

. Apr 1, 2010: Akira Tonomura (HITACHI), "Physics Explorég Electron Microscope”
. Apr 5, 2010: Kaoru Yokoya (KEK), "Current Status of Linézollider Technology”
. Apr 16, 2010: Akira Ukawa (Tsukuba University), "Currestatus and Future of Lattice QCD”

A W N P

. May 12, 2010: David Tanner (University of Florida), "Sé@®kthe unseen: gravitational waves with LIGO and axion
dark matter with ADMX”

o1

. May 14, 2010: Hironari Miyazawa (Univ. of Tokyo), "Discery of the muon by Yoshio Nishina”

6. May 21, 2010: Kota Murase (Tokyo Institute of Technolgg@amma-Ray Signals from Ultrahigh-Energy Cosmic-Ray
Sources and Implications of Ultrahigh-Energy Nuclei Pretibn in the Sources”

7. May 28, 2010: Enrico Barausse (University of Marylandjainiltonian of a Spinning Test-particle in Curved Space-
time”
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11.
12.
13.

14.

15.
16.
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. Jun 4, 2010: Kazuo Makishima (University of Tokyo), "SUEB observation of magnetars—neutron stars with ultra-

strong magnetic field”

. Jun 25, 2010: Kazuoki Munakata (Shinshu University)dé&séal anisotropy of galactic cosmic ray intensity: Latest

results of two hemisphere observations by Tibet & IceCube”

Jul 16, 2010: Hideo Matsuhara (JAXA/ISAS), "From AKARI 8PICA: Present and future of Space Infrared Astron-
Omy”

Jul 23, 2010: Shigehiro Nagataki (Kyoto University) uiNerical High-Energy Cosmic Rays and Astrophysics”
Jul 30, 2010: Hiroyuki Sagawa (ICRR), "Recent resulisrfithe Telescope Array experiment”

Dec 15, 2010: Shuhei Okubo (Earthquake Research lestith Tokyo), "Solid State Earth Science and Cosmic-
Ray/Gravitational-wave Research”

Dec 28, 2010: Martin A. Lee (ICRR/U. New Hampshire), "Theeraction of the Heliosphere with the Local Interstellar
Medium: Interstellar Gas, Pickup lons, Anomalous CosmigsRand the Solar Wind Termination Shock”

Jan 24, 2011: Ichiro Nakatani (ICRR/Aichi UniversityTgchnology), "Space Robot”

Feb 2, 2011: Jun Kataoka (Waseda University), "Receargrpss on high energy emission from AGN jets”

C. List of Publications

(a) Papers Published in Journals

1.

10.

11.

12.

"Measurement ok ™ production cross section by 8 GeV protons using high eneegyrino interactions in the SciBooNE
detector”, SciBooNE Collaboration (G. Cheng et al.), to bélshed in Phys.Rev.D, [arXiv:1105.2871 [hep-ex]].

. "Measurement of inclusive charged current interactiomsarbon in a few-GeV neutrino beam”, SciBooNE Collabora-

tion (Y. Nakajima et al.), Phys.Rev.D83:012005 2011, [arX011.2131 [hep-eX]].

. "Improved measurement of neutral current coherghproduction on carbon in a few-GeV neutrino beam”, SciBooNE

Collaboration (Y. Kurimoto et al.), Phys.Rev.D81:1111028, [arXiv:1005.0059 [hep-ex]].

. "Measurement of inclusivetO production in the Charged-Current Interactions of Newaisiin a 1.3-GeV wide band

beam”, K2K Collaboration (C. Mariani et al.), Phys.Rev. DE81023, 2011, [arXiv:1012.1794 [hep-eX]].

. "Solar neutrino results in Super-Kamiokande-IIlI", Sup@amiokande Collaboration (K. Abe et al.), Phys. Rev.

D83:052010, 2011, [arXiv:1010.0118 [hep-eX]].

. "Atmospheric neutrino oscillation analysis with suladiing effects in Super-Kamiokande I, Il and 1lI”, Super-

Kamiokande Collaboration (R. Wendell and C. Ishihara §f Bhys. Rev. D81:092004, 2010, [arXiv:1002.3471 [hep-
ex]].

. "Improvement of low energy atmospheric neutrino flux cédtion using the JAM nuclear interaction model”, M. Honda,

T. Kajita, K. Kasahara and S. Midorikawa, to be publishedhgs? Rev. D, [arXiv:1102.2688 [astro-ph.HE]].

. "Atmospheric Neutrinos And Discovery Of Neutrino Osailbns”, T. Kajita, Proc. Japan Acad. B86, 303-321, 2010.

. "Further study of neutrino oscillation with two detecton Kamioka and Korea”, F. Dofour, T. Kajita, E. Kearns and K.

Okumura, Phys. Rev. D81: 093001, 2010, [arXiv:1001.51&pfhh]].

"Status of Very High Energy Gamma Ray Astronomy and FuRmospects”, M.Teshima, Tenmmon Geppou, Vol 104-7,
2011 333.

"A search for very-high energy gamma-ray emission frarorfius X-1 with the MAGIC telescopes”, MAGIC Collab-
oration (J. Aleksi and M. Teshima et al.), Astrophys. J. &etfr35, 2011 L5, [arXiv:1103.5677].

"MAGIC discovery of VHE Emission from the FSRQ PKS 1222+2MAGIC Collaboration (J. Aleksi and M. Teshima
et al.), Astrophys. J. Letters 730, 2011, L8, [arXiv:11@BA8E].
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13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24,
25,

26.

27.

28.

29,
30.

31.

32.

33.

34.

"MAGIC observations and multiwavelength propertiethaf quasar 3C279 in 2007 and 2009, MAGIC Collaboration(J.
Aleksi and M. Teshima et al.), Astron. Astrophys. 530, 2044, [arXiv:1101.2522].

"Observations of the Blazar 3C 66A with the MAGIC Telgses in Stereoscopic Mode”, MAGIC Collaboration (J.
Aleksi and M.Teshima et al.), Astrophys. J. Lett. 726, 2@&),[arXiv:1010.0550].

"Detection of very high energy-ray emission from the Perseus cluster head-tail galaxy 1G By the MAGIC
Telescopes”, MAGIC Collaboration (J. Aleksi and M. Teshietaal.), Astrophys. J. Lett. 723, 2010, L207-212,
[arXiv:1009.2155].

"Spectral Energy Distribution of Markarian 501: Quiest State vs. Extreme Outburst”, VERITAS and MAGIC Col-
laboration(V.A.Acciari and M. Teshima et al.), Astrophys.729, 2010, 2, [arXiv:1012.2200].

"Insights Into the High-Energy Gamma-ray Emission ofrkéasian 501 from Extensive Multifrequency Observations
in the Fermi Era”, FERMI, MAGIC, VERITAS and MAGIC Collabaian(A.A.Abdo and M. Teshima et al.), to be
published in Astrophys. J., [arXiv:1011.5260].

"Design Concepts for the Cherenkov Telescope ArrayACbnsortium (R.Enomoto, S.Inoue, M. Ohishi, M. Teshima,
T. Yoshikoshi et al.), to be published in Astro Particle Rbgs[arXiv:1008.3703].

"GRB100906A: Ashra-1 observation of early optical esiug”, Y. Asaoka et al., GCN Circular, 11291, 2010.

"Cosmic-ray energy spectrum around the knee obtaindéyibet experiment and future prospects”, M. Amenomori
et al., Advances in Space Research, 47, 629-639, 2011.

"Cosmic-ray energy spectrum around the knee observidtive Tibet air-shower experiment”, M. Amenomori et al.,
Astrophysics and Space Sciences Transactions, 7, 15-20, 20

"Expansion of Linear Range of Pound-Drever-Hall Sigr@hinji Miyoki, Souichi Terada,and Takashi Uchiyama, App
Optics 49, 5217, 2010.

"Optical properties measurement of AlRO3 mirror substrate for the Large-Scale Cryogenic GravitadioNave Tele-
scope (LCGT)”, M. Tokunari, et al., Class. Quantum Grav. 85015, 2010.

"Status of LCGT”, K. Kuroda (on behalf of the LCGT Collahtion), Class. Quantum Grav. 27, 084004, 2010.

"Keck Spectroscopy of Faint3z < 7 Lyman Break Galaxies: A High Fraction of Line Emitters atiRlift Six”, Stark,
D. P, R. S. Ellis, and M. Ouchi, The Astrophysical JournaB,1.2, 2011, [arXiv:1009.5471 [astro-ph]].

"The Subaru Ly blob survey: a sample of 100-kpc ttyblobs at z= 3", Matsuda Y. et. al., Monthly Notices of the
Royal Astronomical Society, 410, L13, 2011, [arXiv:10187Z [astro-ph]].

"Lyman-o Emitters and Lyman-Break Galaxies at z = 3-6 in Cosmolodi¢H Simulations”, Nagamine K., M. Ouchi,
V. Springel, and L. Hernquist, Publications of the Astroncah Society of Japan, 62, 1455, 2010, [arXiv:0802.0228
[astro-ph]].

"Statistics of 207 Lg Emitters at a Redshift Near 7: Constraints on Reionizati@h@alaxy Formation Models”, Ouchi
M. et. al., The Astrophysical Journal, 723, 869, 2010, [arkK007.2961 [astro-ph]].

"Global amount of dust in the universe”, Fukugita M. {ar:1103.4191 [astro-ph]].

"Characterization of Sloan Digital Sky Survey StelldmoRometry”, Fukugita M., N. Yasuda, M. Doi, J. E. Gunn, and
D. G. York, The Astronomical Journal, 141, 47, 2011, [arA®08.0510 [astro-ph]].

"Supernovae in the Subaru Deep Field: the rate and dataydistribution of type la supernovae out to redshift 2,
Graur O. et. al., [arXiv:1102.0005 [astro-ph]].

"Microwave Emission from the Edgeworth-Kuiper Belt atiet Asteroid Belt Constrained from WMAP”,Ichikawa,
K. and M. Fukugita, to be published. [arXiv:1011.4796 [agth]].

"The Sloan Digital Sky Survey Quasar Lens Search. I\MiSteal Lens Sample from the Fifth Data Release”, Inada N.,
et. al., The Astronomical Journal, 140, 403, 2010, [arXd2%.5570 [astro-ph]].

"A complete calculation for direct detection of Wino Kanatter”, J. Hisano, K. Ishiwata and N. Nagata, Phys. Lett.
B690, 311, 2010, [arXiv:1004.4090 [hep-ph]].
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"Reevaluation of Higgs-Mediated mu-e Transition in tkkSSM”, J. Hisano, S. Sugiyama, M. Yamanaka and
M. J. S. Yang, Phys. Lett. B694, 380, 2011, [arXiv:1005.3pv®-ph]].

"Gluon contribution to the dark matter direct detectiah Hisano, K. Ishiwata and N. Nagata, Phys. Rev. D82, 11500
2010, [arXiv:1007.2601 [hep-ph]].
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"Quantum Statistical Corrections to Astrophysical ldésintegration Rates”, G. J. Mathews, Y. Pehlivan, T.ikaj
A. B. Balantekin and M. Kusakabe, Astrophys. J. 727, 10, 2{drKiv:1012.0519 [astro-ph.SR]].

"Prospects for direct detection of inflationary gratiiaal waves by next generation interferometric deteét@&@sKuroy-
anagi, T. Chiba and N. Sugiyama, Phys. Rev. D83, 043514,,28Xiv:1010.5246 [astro-ph]].

"First very low frequency detection of short repeatedskaifrom magnetar SGR J1550-5418", Tanaka, Y. T., et al.,
Astrophys. J., 721, L24-1.27, 2010.

"Solar-type magnetic reconnection model for magnei@ntglares”, Masada, Y., et al., Pub. Astron. Soc. Japan, 104
1093-1102, 2010.

"Effect of the solar wind proton entry into the deepestduwake”, Nishino, M. N., et al. Geophys. Res. Lett., 37,
L12106.1-4, 2010.

"In-flight performance and initial results of plasma mjeangle and composition experiment (PACE) on SELENE
(Kaguya)”, Saito, Y., et al., Space Sci. Rev., 154, 265-2030.

"Synchronized Northern Hemisphere Climate Change ahar $agnetic Cycles during the Maunder Minimum”, Y.T.
Yamaguchi et al., PNAS, 2010.

"Explosive volcanic eruptions triggered by cosmic rayslcano as a bubble chamber”, T. Ebisuzaki et al., Gondwana
Research, 2010.

"Is the Sun heading for another Maunder Minimum? -Preatsrof the grand solar minima”, H. Miyahara et al., Journal
of Cosmology, 8, 1970, 2010.

"Variations of Solar Activity and Climate during the PA200 Years”, H. Miyahara, Journal of Geography, 119, 3,510
2010.
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57.

"Universality test of the charged Higgs boson coupliagthe LHC and at B factories”, Alan S. Cornell, et al., Phys.
Rev. D81, 115008, 2010, [arXiv:0906.1652 [hep-ph]].

(b) Conference Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

"Messenger of new physics”, W. Rodejohann and M. Shiozdvaceeding of the Neutrino Oscillation Workshop
(NOW2010), September, 2010, to be published in NucleariebsProceedings Supplement.

. "Study of gamma-ray production in neutral-current negtroxygen interactions and the detection of neutrinosnfro

supernova explosion.”, T. Mori, M. Sakuda, A. Tamii, H. Tokl. Nakahata, and K. Ueno, AIP Conf.Proc. 1269,
418-420, 2010.

. "Asian Facilities”, M. Nakahata, Proceedings of Topid#rkshop in Low Radioactivity Techniques (LRT2010), Au-

gust, 2010.

. "Low background techniques in XMASS”, A. Takeda for the RIS Collaboration, Proceedings of Topical Workshop

in Low Radioactivity Techniques (LRT2010), August, 2010.

. "Status of XMASS Experiment”, S. Moriyama, Proceedingsdentification of dark matter 2010 (IDM2010), July,

2010.

. "XMASS”, M. Yamashita, Proceedings of Patras WorkshopA\aions, WIMPs, WISPs , July, 2010.

. "Recent results on atmospheric neutrino oscillatiomffduper-Kamiokande”, Y. Obayashi for the Super-Kamiokande

Collaboration, Prepared for 35th International Confeeean High Energy Physics: ICHEP 2010, Paris, France, 21-28
Jul 2010. Published in PoS ICHEP2010:313,2010.

. "Search for Nucleon Decays in Super-Kamiokande”, M. Mitor the Super-Kamiokande Collaboration, Prepared for

35th International Conference on High Energy Physics: 1@HB10, Paris, France, 21-28 Jul 2010. Published in PoS
ICHEP2010:403,2010.

. "Solar neutrino results from Super-Kamiokande”, H. §akor the Super-Kamiokande Collaboration, Prepared ftin 35

International Conference on High Energy Physics: ICHERZ@aris, France, 21-28 Jul 2010. Published in PoS ICHEP
2010:330,2010.

"Construction and performance of XMASS 800kg detectdr"LIU for XMASS collaboration, Proceedings of 24th
International Conference on Neutrino Physics and Astrefsy(Neutrino 2010), June, 2010.

"Radon Removal from Liquid Xenon”, K. Martens for XMASSlIaboration, Proceedings of 24th International Confer-
ence on Neutrino Physics and Astrophysics (Neutrino 2Qi0)e, 2010.

"Large Underground Water Cherenkov Detectors”, M. awa, Proceeding of the XXIV International Conference
on Neutrino Physics and Astrophysics (Neutrino2010), J2040. to be published in Nuclear Physics B Proceedings
Supplement.

"Commissioning of the new electronics and online sydrthe Super-Kamiokande experiment”, S. Yamada, et. al. fo
the Super-Kamiokande Collaboration, Y. Arai, K. IshikavaMinegishi, and T. Uchida, IEEE Trans.Nucl.Sci.57:428-
432, 2010.

"Status and prospect of atmospheric neutrinos and lasglime studies”, T. Kajita, J. Phys. Conf. Ser. 203: 012012
2010.

"The Telescope Array experiment: Status and ProspgdtSokuno et al. (Telescope Array Collaboration), Procegsl
of 14th International Conference On Calorimetry In High EyePhysics (CALOR2010), 10-14 May 2010, AIP Conf.
Proc.1238, 365-368, 2010.

"Measurement of UHECRs by the Telescope Array (TA) expent”, M. Fukushima for the Telescope Array Collabo-
ration, Proceedings of XVI International Symposium on VEligh Energy Cosmic Ray Interactions (ISVHECRI2010),
28 Jun - 2 Jul 2010.

"Results from the Telescope Array Experiment”, D. lkédathe Telescope Array Collaboration, Proceedings of the
22nd European Cosmic Ray Symposium (ECRS2010), 3-6 Aug.2010



18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.
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"Recent Results from the Telescope Array Experiment'Segawa for the Telescope Array Collaboration, Proceeding
of the International Symposium on the Recent Progress oéiligh Energy Cosmic Ray Observation (UHECR2010),
10-12 Dec 2010.

"Absolute energy calibration of FD by an electron linaacelerator for Telescope Array”, T. Shibata et al., Prdoggs
of UHECR2010, 10-12 Dec 2010.

"Energy measurement and spectrum by the Telescope’Abajkeda for the Telescope Array Collaboration, Proceed-
ings of UHECR2010, 10-12 Dec 2010.

"Measurement of UHECR composition by TA”, Y. Tameda fbe tTelescope Array Collaboration, Proceedings of
UHECR2010, 10-12 Dec 2010.

"Central Laser Facility Analysis at The Telescope ArEagperiment”, Y. Takahashi et al. (the Telescope Array Gnlla
oration), Proceedings of UHECR2010, 10-12 Dec 2010.

"Comparison of CORSIKA and COSMOS simulation”, S.Y. Rafal., Proceedings of UHECR2010, 10-12 Dec 2010.

"Search for small clusters by auto-correlation analfyiim Telescope Array”, T. Okuda et al. (Telescope Arrayl&lnl
oration), Proceedings of UHECR2010, 10-12 Dec 2010.

"An Event Reconstruction Method for the Telescope Arfliyorescence Detectors”, T. Fujii et al. (Telescope Array
Collaboration), Proceedings of UHECR2010, 10-12 Dec 2010.

"Large scale anisotropy of UHECRSs for the Telescope Y. Kido for the Telescope Array Collaboration, Proceed-
ings of UHECR2010, 10-12 Dec 2010.

"Heliospheric signatures seen in the sidereal anipgtod high-energy galactic cosmic ray intensity”, M. Amenariret
al., AIP Conf. Proc., 1302, 285-290, 2010.

"Cryogenic Advanced Gravitational Wave Detectors (HGGK. Kuroda and LCGT Collaboration Proceedings of the
Ninth Asia-Pacific International Conference on Gravitatamd Astrophysics, Edit. Jun Luo, Ze-Bing Zhou, HsiChina,
Hsien-Chi Yeh and Jong-Ping Hsu, Wuhan, China, 29 Juney2D{l9.

"Shocks in the Heliosphere”, Terasawa, T., Chapter AGA Special Sopron Book Series vol. 4, "The Sun, the Solar
Wind, and the Heliosphere”, ed. by M. P. Miralles and J. S. éitha, Springer, 2011.

"Anomalous deformation of the Earth’s bow shock in theduwake: Joint observations by Chang’E-1 and SELENE”,
Nishino, M. N., et al., Proceedings of American Geophydigaibn Fall meeting, Paper P54B-07, 2010.

"Effect of the solar-wind proton entry into the deepestdr wake”, Nishino, M. N., et al., Proceedings of EGU Gehera
Assembly, vol. 5, EPSC2010-473, 2010.

"VLF detection of ionospheric disturbance caused by gmatar giant gamma-ray flare”, Tanaka, Y. T., et al., Proceed
ings of 38th COSPAR Scientific Assembly, C11-0172-10, 2010.

"Effect of solar-wind proton entry into the deepest lunake”, Nishino, M. N., et al., Proceedings of 38th COSPAR
Scientific Assembly, B01-0061-10, 2010.

"Collisionless shock and particle acceleration”, Bamaa, T., Proceedings of the IAU symposium 274, 2010.

"Identification of new physics and general WIMP searcthatiLC”, M.Asano, et al., to be published in proceedings of
International Linear Collider Workshop 2010.

"Simulation Study of W Boson + Dark Matter Signatures lidentification of New Physics”, T.Suehara, et al., to be
published in proceedings of International Linear Collitiarkshop 2010.
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(c) ICRR Reports

1.

10.

11.

12.

13.

14.

ICRR-Report-568-2010-1
"A complete calculation for direct detection of Wino dark tieat’
Junji Hisano, Koji Ishiwata, and Natsumi Nagata.

. ICRR-Report-569-2010-2

"Reevaluation of Higgs-Mediated-e Transition in the MSSM”
Junji Hisano, Shohei Sugiyama, Masato Yamanaka, and Mdsali Soo Yang.

. ICRR-Report-570-2010-3

"Gluon contribution to the dark matter direct detection”
Junji Hisano, Koji Ishiwata, and Natsumi Nagata.

. ICRR-Report-571-2010-4

"Non-Gaussianity from Lifshitz Scalar”
Keisuke Izumi, Takeshi Kobayashi, and Shinji Mukohyama.

. ICRR-Report-572-2010-5

"Decaying Dark Matter in Supersymmetric Model and Cosmay®bservations”
Koji Ishiwata, Shigeki Matsumoto, and Takeo Moroi.

. ICRR-Report-573-2010-6

"Inflation from a Supersymmetric Axion Model”
Masahiro Kawasaki, Naoya Kitajima, and Kazunori Nakayama.

. ICRR-Report-574-2010-7

"Kéhler moduli double inflation”
Masahiro Kawasaki, and Koichi Miyamoto.

. ICRR-Report-575-2010-8

"Prospects for Direct Detection of Inflationary Gravitatad Waves by Next Generation Interferometric Detectors”
Sachiko Kuroyanagi, Takeshi Chiba, and Naoshi Sugiyama.

. ICRR-Report-576-2010-9

"Running Spectral Index from Inflation with Modulations”
Takeshi Kobayashi, and Fuminobu Takahashi.

ICRR-Report-577-2010-10
"Evolution of String-Wall Networks and Axionic Domain Wafiroblem”
Takashi Hiramatsu, Masahiro Kawasaki, and Ken’ichi Sakaw

ICRR-Report-578-2010-11

"Destruction of’Be in big bang nucleosynthesis vis long-lived sub-stromgfigracting massive particles as a solution to
the Li problem”

Masahiro Kawasaki, and Motohiko Kusakabe.

ICRR-Report-578-2010-12
"Improved estimation of radiated axions from cosmolog#&bnic strings”
Takashi Hiramatsu, Masahiro Kawasaki, Toyokazu Sekigihsahide Yamaguchi, and Jun’ichi Yokoyama.

ICRR-Report-579-2010-13
"Cosmological constraints on dark matter models with viyfedependent annihilation cross section”
Junji Hisano, Masahiro Kawasaki, Kazunori Kohri, Takeo BMpKazunori Nakayama, and Toyokazu Sekiguchi.

ICRR-Report-580-2010-14
"Study of gravitational radiation from cosmic domain walls
Masahiro Kawasaki, and Ken'ichi Saikawa.
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D. Doctoral Theses

1. "Study of pulse shape discrimination and low backgrowuthhiques for liquid xenon dark matter detectors”,
K. Ueshima,
Ph.D. Thesis, Jan. 2011.

2. "Optical Properties of Type la Supernovae and their Hadba&es”,
K. Konishi, Ph.D. Thesis, Mar. 2011.

E. Public Relations

(a) ICRR News

ICRR News is a newspaper published quarterly in Japaneséairi the Institute’s activities. This year's editors wefigeo
Itoh. Itincludes :

reports on investigations by the staff of the Institutenade at the facilities of the Institute,
reports of international conferences on topics relet@ttie Institute’s research activities,
topics discussed at the Institute Committees,

list of publications published by the Institute [ICRRg®et, ICRR-Houkoku (in Japanese)],
list of seminars held at the Institute,

announcements,

N g M w D oRe

and other items of relevance.

The main topics in the issues in 2010 fiscal year were:

No.73(Sep 30, 2010)

e On the Study of Astrophysical Particle Acceleration, Tosherasawa.

Status report of Telescope Array experiment, Hiroyuki Sema

Observation of Gamma Ray Bursts by Ashra, Kazuaki Ota.

Staff reassignment.

o |CRR-Seminar.

ICRR-Report.

No.74(Nov 30, 2010)
e Development of a precise on-board gravity-gradiometeshiaShiomi.

e Start operation of the Small electron linear acceleratofasolute energy calibration of Telescope Array Experiten
Tatsunobu Shibata.

e Report on the training for ICRR technical staffs, Hiroyuleigawa.
e Beginning of the T2K experiment, Masato Shiozawa.
o Staff reassignment.

o |ICRR-Seminar.
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ICRR-Report.

No.75(Feb 28, 2011)

Cosmic Reionization Probed with Subaru Telescope, MasamhD
Cherenkov Telescope Array(CTA) project, Masahiro Teshima
Report on open campus 2009, Hideo Itoh.

Staff reassignment.

ICRR-Seminar.

ICRR-Report.

No.76(Mar 31, 2011)

Report on the Meeting for Presenting the Results of Inteixemsity Research in JFY2010, Takanori Yoshikoshi.
Axions from Axionic strings, Masahiro Kawasaki.

Staff reassignment.

ICRR-Seminar.

ICRR-Report.

(b) Public Lectures

"Detecting Dark Matter”, Feb 26, 2011, Tokyo, Yoichiro Skk(ICRR, University of Tokyo).

"Searching Dark Matter”, Feb 23, 2011, Tokyo, Yoichiro SkiziCRR, University of Tokyo).

"GSA Science Cafe”, Feb 12, 2011, Kamioka-cho, Hida-cif§uG¥oshinari Hayato (ICRR, University of Tokyo).
"ICRR tour”, Dec 10, 2010, ICRR, Chiba, Hideo Itoh (ICRR, Maisity of Tokyo).

"Detection of Gravity Wave predicted by Einstein”, Nov 201D, Kashiwa campus, University of Tokyo, Chiba, Masa-
take Ohashi (ICRR, University of Tokyo).

"About Dark Matter”, Nov 26, 2011, Kanazawa, Nishigawa, &ftro Suzuki (ICRR, University of Tokyo).

"New age of Cosmic Ray Physics”, Nov 20, 2010, Katsushikg ®itiseum, Tokyo, Hideo Itoh (ICRR, University of
Tokyo).

"SSH Kainan High School”, Nov 18, 2010, Kamioka-cho, Hidgs&Gifu, Jun Kameda (ICRR, University of Tokyo).

"Weather of the Space and the Earth”, Nov 14, 2010, UniversfifTokyo, Tokyo, Hiroko Miyahara (ICRR, University
of Tokyo).

"Observe the Universe through an Underground Huge WatekTérct. 30, 2010, Kashiwa, Chiba, Yoshihisa Obayashi
(ICRR, University of Tokyo)

"Yoshiki High School”, Sep 15, 2010, Toita Girl's Junior+8er High School, Tokyo, Hideo Itoh (ICRR, University of
Tokyo).

"Investigation of the Universe using particle physics”,pSk4, 2010, Kamioka-cho, Hida-city, Gifu, Makoto Miura
(ICRR, University of Tokyo).

"SSH Toyounaka High School”, Sep 6, 2010, Kamioka-cho, Hiitig Gifu, Ko Abe (ICRR, University of Tokyo).

"SSH Senior High School Attached to Kyoto University of Edtion”, Aug 26, 2010, Kamioka-cho, Hida-city, Gifu,
Jun Kameda (ICRR, University of Tokyo).

"ICRR tour”, Aug 24, 2010, ICRR, Chiba, Hideo Itoh (ICRR, Warsity of Tokyo).
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"Visualisation of Radiation and Cosmic Ray”, Aug 11, 2010RIR, Chiba, Hideo Itoh (ICRR, University of Tokyo).

"JST Project for girl students to choose the science coursay 11, 2010, Kamioka-cho, Hida-city, Gifu, Yoshihisa
Obayashi and Katsuki Hiraide (ICRR, University of Tokyo).

"Particle physics and the Universe”, Aug 10, 2010, ICRR,i@hHideo Itoh (ICRR, University of Tokyo).

"SSH Fujishima High School”, Aug 10, 2010, Kamioka-cho, &ficity, Gifu, Hiroyuki Sekiya (ICRR, University of
Tokyo).

"Yumeno Tamago Jyuku; Hida Academy Summer Seminar”, Aug @02 Kamioka-cho, Hida-city, Gifu, Atsushi
Takeda (ICRR, University of Tokyo).

"SSH Takamatsu First High School”, Aug 5, 2010, 5-1-5, Kaslrioha, Kashiwa-city,Chiba , Shigetaka Moriyama
(ICRR, University of Tokyo).

"SSH Sanda Shounkan High School”, Aug 5, 2010, Kamioka-Elag-city, Gifu, Makoto Miura (ICRR, University of
Tokyo).

"Particle physics and the Universe”, Aug 3, 2010, ICRR, @hidideo Itoh (ICRR, University of Tokyo).

"Hirameki Tokimeki Science”, Aug 3, 2010, Kamioka-cho, Hdidity, Gifu, Yoichiro Suzuki (ICRR, University of
Tokyo).

"Hirameki Tokimeki Science”, Aug 2, 2010, Kamioka-cho, Hdidity, Gifu, Yoichiro Suzuki (ICRR, University of
Tokyo).

"Visualisation of Radiation and Cosmic Ray”, Jul 30, 2010RR, Chiba, Hideo Itoh (ICRR, University of Tokyo).

"SSH Kawagoe High School”, Jul 29, 2010, Kamioka-cho, Hiity; Gifu, Atsushi Takeda and Yumiko Takenaga
(ICRR, University of Tokyo).

"Cosmic Ray Physics and ICRR”, Jul 27, 2010, ICRR, Chibaddittoh (ICRR, University of Tokyo).

"Investigation of the Universe using particle physics”] 24, 2010, Niigata Prefectural Kokusai Joho High School,
Niigata, Hideo Itoh (ICRR, University of Tokyo).

"Investigation of the Universe using particle physics”] 33, 2010, Tokyo City University Junior and Senior High
School, Tokyo, Hideo Itoh (ICRR, University of Tokyo).

"Elementary Particles and Cosmic Rays”, Jul 9, 2010, ICRRbE&, Hideo Itoh (ICRR, University of Tokyo).

"SSH Shizuoka-kita High School”, Apr 23, 2010, Kamioka-chiida-city, Gifu, Ko Abe and Yumiko Takenaga (ICRR,
University of Tokyo).

(c) Visitors

KASHIWA Campus (Total: 7 groups, 41 peoples)

Chiba Advanced Technology Experience Program
The Japan Society of Mechanical Engineers
Induction course of the University of Tokyo

Others: 4 groups

KAMIOKA Observatory (Total: 143 groups, 3028 peoples)

Yumeno Tamago Jyuku (Hida Academy for High School Students)
MEXT Super Science High School (SSH) project: total 7 school
Schools and Universities: total 29 groups

Schools and Universities: total 21 groups

Researchers: total 23 groups

Others: 91 groups
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F. Inter-University Researches

Numbers of Researchers

Number of Number of Number of

Applications  Adoptions Researchers
Facility Usage
Kamioka Observatory 37 36 874
Norikura Observatory 8 8 70
Akeno Observatory 8 8 181
Emulsion and Air Shower Facilities in Kashiwa 1 1 7
Low-level Radio-isotope Measurement Facilities in Kashiw 6 6 25
Gravitational Wave Facilities in Kashiwa 3 3 29
Computer Facilities in Kashiwa 9 9 103
Over Sea Facilities 6 6 80
Others 18 18 382
Collaborative Researches
Cosmic Neutrino Researches 28 27 739
High Energy Cosmic Ray Researches 43 43 682
Theoretical Researches or Rudimental Researches 20 20 289
Research Center for Cosmic neutrinos 5 5 40
Others
Conferences 3 3 45

Research Titles

1.

=
o

11.
12.
13.
14.
15.
16.

© © N o o M w DN

Development of low concentration radon detection system

Energy calibration for Super-Kamiokande

Study of solar neutrino energy spectrum

Neutrino workshop

Sidereal daily variation 0£10TeV galactic cosmic ray intensity observed by the Supamldkande
Study of Supernova Relic Neutrinos

Study in upward-going muons and high energy neutrinos

Precise measurement of Day/Night effect for B8 solar nirens

Study of Solar Neutrino Flux

. Study of ambient gamma-ray and neutron flux at Kamioka@asory
Study for the electron neutrino appearance search ii2Keexperiment
Study of simulation for atmospheric neutrino

Study of nucleon decgy— vK

Tokai to Kamioka Long Baseline Experiment T2K

3-flavor Oscillation study in atmospheric neutrinos

Study of atmospheric neutrinos and neutrino oscilfetio



17.
18.
19.
20.
21.
22.
23.
24,
25,
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.

Neutrino interaction study using accelerator data

Development of the new online DAQ system for Super-K &anale

Study for Supernova monitor

Search for proton decay véd 1° mode

R&D of a Mton water Cherenkov Hyper-Kamiokande

Analysis of Spatial Distribution of Radon Family Undergnd and Its Dosimetry

Direction-sensitive dark matter search experiment

Development of metal complies loaded liquid scintilfdbr measurement of solar neutrinos and neutrino@3slecay

Development of InP detector for measurement of solafig/

Study for lowering backgrounds of radioisotopes in¢arglume detectors

Study for upgrade of XMASS detector

Study for double beta decay of 48Ca

Integration of crustal activity observation around Atetsugawa fault

A study on emission spectrum of liquid xenon

Seismic classification of underground facilities fowlfsequency ground based gravitational wave detectors
A search for Dark Matter using Liquid Xenon Detector

Design and Construction of Purification system for XMAE®kg detector

Multi-Color Imager for Transients, Survey and Monssd&xplosions

Production and calibration of surface detectors forTilescope Array experiment

A study of the hybrid trigger for the Telescope Array esxpent

Observation of Galactic Cosmic ray by the Large Area Muielescope

R&D for a Small Atmospheric Cherenkov Telescope in Ak@ixservatory

Observation of solar neutrons in solar cycle 24

Vegetation survey of alpine plants on Mt.Norikura

Observation of total ozone and UV solar radiation witle\Ber spectrophotometer on the Norikura mountains
Space weather observation using muon hodoscope at Nkuxa

Study of particle acceleration in electric field usingw@amma rays from lightning and thunderclouds
Ecophysiological studies of alpine plants

Observation of the highest energy Solar Cosmic Rays

Observation of nightglow and its reflected and scattbgid on the mountain

Study of the composition of cosmic-rays at the knee

Observation of high-energy cosmic-ray electrons wittulsion chambers

Experimental Study of High-energy Cosmic Rays in theeT &S y experiment

Development of advanced photon counter for the futuenA

Development of the optical fiber image transfer systeri\&hra

Study of Galactic Diffuse Gamma Rays
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53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

81.
82.
83.
84.
85.
86.
87.

Study of absolute energy calibration air shower by carhpéectron LINAC

Sidereal daily variation of 10TeV galactic cosmic-maiensity observed by the Tibet air shower array
Study on High Energy Cosmic-Ray source by Observationglsong Duration Balloon
Basic Study to Establish the CTA Japan Consortium

Cosmic ray interactions in the knee and the highest gregjons

A study on variation of interplanetary magnetic fieldiwtihe cosmic-ray shadow by the sun
Acceleration processes: Comparative study of 1st addger processes

Observation of TeV gamma-ray spectra from galacticaibje

Bolivian Air Shower Joint Experiment

A R&D for a new atmospheric monitoring system

Improvement of characteristics of the image sensor imsAdhra

Study on the Ultra-high Energy Cosmic Ray Future Preject

Observation of very-high-energy gamma-rays in Auitral

Data Analysis of the UHECR data for the Auger Project Il

Multiwavelength observation of extragalactic gamrag-objects with CANGAROO telescope and Fermi gamma-ray

space telescope

Development of an atmospheric transmittance metehéosite survey of Cherenkov telescopes
Workshop on High Energy Gamma-Ray Astronomy

Data analysis of nearby galaxies and clusters of galafid their non-thermal radiation models
Observation with All-sky Survey High Resolution Airesker detector Ashra

Monte Carlo simulation for the Tibet air shower array

Radiation and environment Measurement while thundemsat TA site

Study of radio detection of highest energy cosmic rays

Study of Extremely-high Energy Cosmic Rays by Telescapay

Development of an optical cavity to stabilize ultraoartasers

Development of Local Suspension Point Interferomete€LI1O (l1)

Gravitational Wave Detector in Kamioka (1X)

Development of an intensity stabilization system forghfpower laser for CLIO

Research of the Earths free oscillations based on simedius observations with a laser strainmeter and a suphkrcn
ing gravimeter

data analysis using CLIO data

Development of DC-readout system for CLIO interferoanet

Study of a LCGT cryostat toward ultra-high vacuum ogerat
Development of Sapphire Mirror Suspension for LCGT (VI)

R&D and Design of large-scale cryogenic gravitationav@itelescope (XI)
Development of Local Suspension Point Interferomete€L 10 (XII)

Evolution of the universe and particle physics



88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.

81
Comprehensive Researches on Cosmic Dusts
Detection of time variations for cosmogenic Be-7
Detection of low level radioisotopes in tree rings
Study of solar activity, cosmic rays and climate charaged on the analysis of cosmogenic nuclides and stablg&sto
Chemical study for Antarctic micrometeorites
Determination of®Al in Antarctic meteorite samples
Continuous Measurement of Underground Laboratoryfénwment
Deposition Rate variation of natural activitf®e and*1°Pb
Simulation Study for the IceCube Neutrino Observatory
Precise calculation of the atmospheric neutrino flux

Future plan symposium for cosmic ray research
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ICRR, University of Tokyo
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