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Discussions for exploring/developing
“Very High Energy Particle Astronomy” |
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Questions, Comments,
Is the present status “complete enough” Advices, Suggestions,

to further explore “Particle Astronomy” ?

* ASHRA/NTA for VHEPA
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Discussions for exploring/developing <>
ays

“\ery High Energy Particle Astronomy” "

—

“hewrno [

Gamma, Neutrino, and Gravitational Wave from Cosmic Ray Origin (provisional) loka
LHC for Cosmic Ray Origin (provisional) Menjo
Cosmic Ray Acceleration Mechanism Ohira
X-ray and Gamma-ray Observations of Cosmic-ray Accelerators Uchiyama
VERITAS and HAWC: Windows on Cosmic Particle Acceleration From 0.1-100 TeV Smith
Auger Results on Cosmic Ray Origin: Status and Plans Kampert
The latest IceCube results and the implications Mase
Telescope Array results on UHE Cosmic Rays and the plan Sagawa
Neutrino Connection with Cosmic Ray Origin Reno
Diffuse neutrino fluxes and GZK neutrinos with IceCube Ishihara
Radar Chamber for Detection of UHE Neutrinos Chiba
Future Prospects of UHE neutrino detection with Electromagnetic Fields Hanson

UHE neutrinos at the Pierre Auger Observatory
Neutrino Telescope Array (NTA)

Alvarez-Muniz
Hou
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Cosmic Ray
E<[0'>'%V (Knee) ® Multi-wavelength up to Gamma-ray

N FocE27 — SN-GRB, Supernova remnant, Fermi bubble, ...

e Supernova remnant(?) — CTA is comine soon

7 e 1 Leg~10%erg/s &

5 C:;Sj S ~0I g/t ® Cosmic-ray: e, He/p, UHECR GZK cutoff, ...

) 3 L | Nt ® Neutrino:PeV v sources = UHECR sources?

s : e |8 . .

L ol b 1O \ ~|7;2:|z/ <10V (Ankle) ® Gravitational wave: Macronova, NS-NS/BH?

z : ( ™ FocE-332

iy : o :%-‘i”"é Galactic origin? ® Radio: Fast radio bursts are PeV accelerators!?
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Partlcle acceleratlons

Diffusive shock acceleration (1st order Fermi)
Turbulent acceleration (2nd order Fermi)
Shear acceleration

Surfing acceleration

Shock drift acceleration

Acceleration in the magnetic reconnection

Dlrect acceleratlon by electrlc flelds and SO on.
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o |nelastic Cross Section
—TOTEM, ATLAS, CMS ALICE

o Forward Energy Spectrum
—LHCf ZDC and etc.

o Inelasticity k= 1-piead/Pbeam

N —LHCf, ZDC and etc.

A o Secondary interactions

PYTHIA 8.145

Chereakoy
light detectors

S00 1000 1500 2000 2500 3000

Energy(GeV] Energy(GeV]

* No model can reproduce the LHCf data perfectly.
 Data points are on the middle of MC predictions except E < 500GeV.
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Photon Fermi VERITAS
HAWC HAWC

Nucleon (clone) (clone)

Neutrino (clone) IceCube ----- - Auger
NTA ARIANNA ...

* Black: operating, Blue: constructing, Red: plan
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0.5-1TeV

(S)particles

leptons (L&R)
neutrinos (L&?)
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Present status in = 50 years time scale

.

Number of sources

1000
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10

From the viewpoint of CRs

From Particle physics...
LHC, ILC.....

TeV attempt
Chudakov,
Porter,. . .
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< 9 K 0 ® MC ® Middle-aged
~ermi Signature of mt°-decay Gamma-rays i B
! IC 443
(c) IC 443 107 i o . - = G349.740.2
—~ Consistent with 5 Wi5B ®  cTR37A )
e 50 - < W51C
g AGILE spectrum £ 10% 9 ®
5 . = 3C391 “.lgﬂ' G8.7-0.1
o (Tavani et al. 10) > ] Py @
A 10" §7) 1C443 was
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w . Fermi-LAT |
a VERITAS (Acciari et al. 2009 . S147
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—— x"-decay s Py
Uchivama+11 | Lo r= Bremsstaniung ) b Fermi-LAT {Coll(Uchiyama+)201 8 "»_
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Energy (eV) . T
[ Our previous papers reported spectra only >200 MeV. i

[¥] Here we report spectra down to 60 MeV thanks to: 10 10° D 1?'13 10° 10°
il pc
KNS e (44 . .
= 3k Recent update (“Pass-7") of event reconstruction, which largely Updited from Phoupscn, Bal dizl, uchivans (2013) =

improved effective area at low energies.
% Increased exposure time: 1yr =* 4yr

nbqageq pLow Tpowbzow' peTqTUT ‘nCepriewe (307TS)

Uchiyama (Rikkyo) =
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Sub-GeV spectra of 1C443/W44 agree well with 1'-decay spectra.
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-HAWC will provide ™ 15x more sensitive observations of the multi-TeV sky,
with nearly 100% duty cycle. Array to be fully commissioned Fall 2014,
initial results already indicate excellent performance ahead

HAWC-95/111 SKY 06/13/2013-00/12/2013 G CIIMMAS

-180

Cosmu Ruys

Success of combining Milagro and VERITAS data
already demonstrated: multiple overlapping
sources revealing complicated networks of
emission. With HAWC, this will only improve as
well as allowing for combined spectra will allow
for distinction between emission models
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A. Smith (Utah)
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distance to emission sources,
Propagation

py—=A-m1-v

| highest observed p energy
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Nearby Local Universe and
1y -> e*e” (IR+3K BG) Suppress

" highest observed 7y energy

L galaxy

~ above 10TeV
- with Ashra NTA IACT Survey

e e B Nearby clusters T
i AGN & QSOs I

cosmology

log(particle or photon energy, eV)

local group RN
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i Dive Nearby Sources?
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- New “Super GZK” Impact?
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CR flux X E27 - In other galaxies “
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Importance of N

EPOS-LHC —e—
R QGSJET-04 —e—
Preliminary SIBYLL 2.1 —e—

Composmon Ch

Fe fraction
o
[+2]

=

GZK suppression maxium energy scenario lf  F———— :
e G IE work in ,é’ 08 N
e, Drogress © 086
E B .‘. - I g o
L ' =

eVikm ™ 2sr 1yr‘1]

T I\IYHIII

He fraction

E°J(E)

p directly
from source

IIHI

19

Ema P~ |O|86 eV"’
Ena® = [020 eV

o |

19.0

log,(E/€eV)

logm(E"e\' )

p fraction
[= =)
o o =
L) L L) Ll L)
:-——
=.-—
—‘—
—'-*o-
"'l-—
[ —pa |
e |
_-=.=
:--—
)

o. i PR S T . | " i s
10 10" 102

Of fundamental astrophysical importance: A
Emax Of sources ? Standard Fermi acceleration ? ¢},

EWSX oL 20MLCE2 3 2f9UQIL] L6LUII 9CCE]6LILION 3
Ol LNuqQ9weurg] g2rrobuAzicy] iwwboLwrsucs:

- .

Kampert (Auger spokesperso ertal) wm _
- osl: q g E % ’E




Correlations W|th AGN

* 472 AGN from 2006 Veron catalog with z < 0.018
* E>57 EeV, zenith angle <45°, N =42 (5 yr)

* Separation a ngle Bied” “
TA events: B "
® correlated s
Onot correlated /~

1033 Tinyakov
s/ AGN Correlation

0! VeV cataiog, Auger2007 parameters) 17/42:
P = 0.014

\ e © V\; 25
,' \ o Q©° ; -
AGN - b o~ o -0 - TA 2008-2013)
\\\ L jies<6 2 ” PO

* Probability to hit AGN with a single event p; =0.24
* 17 events correlate out of 42 (0.40) = p=1.4%

© L SAsUIConee onr ol L0 Ko Sagawa (Tokyo)
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Oversampling with a 20° radius for 72 events above 57 EeV
E >57EeV 5

o |

¥ 5 L}

1

Equatorial
coordinates

» Statistical significance 5.10 (before correction)
* Chance probability: 3.60 (1.4x10%)

« CPuce bropapijifA: 3°eQ (7'¢XT70)



the significance

Test null hypothesis against the most likely Science, 342, 1242856 (2013)
LO: null hypothesis
L: maximized likelihood

May, 2011 - May, 2012 (350.9 days), IC86 configuration PRL 111, 021103 (2013)

Either CC interaction of v, or NC interaction of any flavor v x: track-like events

+: cascade-like events

Aug" 9': 201 -.'Gls'gdm yshower events

Run 118545 Atmospheric muons 0.038 £ 0.004 / p-value = 8% #

-Event 63733662 36

NPE: 7.0 x 10° conventional 0.012 1 0.001 & . £ [arevents

NDOM: 354 atmospheric neutrinos 16§ &3 4| pvalue=80% | 3
i 104z0.16PeV prompt neutrinos* 0.033 £ 0.001

total background 0.082 + 0.004

“Ernie” ' * R. Enberg et al, PRD78, 043005 (2008) .
Jan, 37, 2012 g ot e — —

Run 119316 - _ —
-Event 36556705 Significance: 2.80 j P = .
NPE: 9.6 x 10* r e . R

NDOM: 312 Highest energy neutrinos ever seen!

1.14+0.17 PeV

K. Mase (Chiba)




Send alerts to satellites/telescopes

Multi messenger approach

Few alerts per year

\ AGN/SN»’GRB
PTF (optical)

Online neutrino
event selection at CAlert
the south pole

U f;;? MAGIC (y-ray)

EHE online alert is coming

ROTE (optical)

VERITAS (y-ray)

K. Mase (Chiba)

IceCube
Track ~1deg.
Cascade ~10deg.

BeppoSAX WFC
3-5 arcmin.

1201

+11°48'00"

+11°42'00"
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Fig. from Kotera & Olinto, Ann. Rev. Astron. Astrophys. 49 (2011).
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IceCube2012

Cosmogenic v models

m-m- [II’Q. et al
- Kotera et al. (FRII)
- Ahlers et al. (max)

Ahlers et al. (best)

Yoshida et al.
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E2@(ve+vp+vr)= 2.5 X 105GeV
cm 3s71sr (1.6 PeV —

o “A.lshihara (Chiba
Esb(r6+ali+01)= 52 X 10 o064

It :
o -~ ), P, BLAsfiou2
.I/f_./zf%ffj_/g‘c&/jfawzeq g foKIua

Including Energy PDF of the
two events
» PeV region upperlimits are
weaken by the 2 event
observation

Significantly improved from the
previous upperlimits

IceCube becoming more and
more sensitive to cosmogenic
fluxes above 100 PeV (10°

GeV) and started to constrain
the highest energy comsic-ray
source evolutions

E-2flux integrated limit taking
into 2 observations

EeV)




* Neutrino energy turns
out to heat.
+ Temperature rise
GZKvZ10%V | Transmitting and

v | receiving antennas

»
J, S—

Radio wave is reflected
from the shower

X R . Hadronic and
electromagnetic shower

changes the permittivity

Counting neutrinos
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Article m the OC Regaster:
Pat Brennan and Scot: Brown, Dec 9% 2011

ARIANNA - Antarctlc Ross Ice Shelf Antenna Neutrmo
Array

Attenuation lengths ~ 500 m, high
relfection

Far from backgrounds, close logistics

PhD) Dissertation, Jordan Hanson (2013
ucCl

PhD Dissertation, Joulien Tatar (2014
UcCl)

"Design and Performance of the ,
Autonomous Data Acquisition System for
the ARIANNA High Energy Neutrino ;
Detector.” S. Kleinfelder for ARIANNA |
collab. IEEE Transactions on Nuclear i
Science, v.60 (2), 2013 il
"A Radio Detector Array for Cosmic 4
Neutrinos on the Ross Ice Shelf” S.R.

Klein for ARIANNA collab. |IEEE

Transactions on Nuclear Science, v.60
(2), 2013

anson ansas
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Sensitivity to all flavours & channels

harged Current Neutral Current

\)e vu
high energy \
electron
adronic hadroni& M

Three selection criteria

Down-going low angle (2 and 4) » DGL (60% - 75
Down-going high angle (2, 4 and 5)— DGH (752 -
Earth-skimming (3) — ES (902-

Single flavour (90% CL) Cosmogenic v models
==== p, Fermi-LAT bound

R T T T TTTT7 T T T TTTTT T T TTTTT
10 v limits ] l [ Fe, FRIl & SFR evol.

wem me= Full IceCube (2 yr) P & mixed |
m—— Auger (6 yr) Astrophysical sources
sumumin ANITA- (28 5 days) — AGN v

wmmnn. ASHRA NTA (3 yrs) - == Waxman-Bahcall
expected) .
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Mauna Loa (Site1): Cherenkov

5y

N

0.125deg / pX

PeV-EeV v_ survey in 30deg(ele.) x 360deg(azi.)
x 400Mpc(depth) with 0.2deg pointing assuming
GRB v, fluence

- NTA 4 Sites, Azimuth Direction:1 } | Azimuth-1:

© Ouen :22‘2 Assuming a point

" 6, =50 ; 8 '| source in the dir. of

o 0, =100 azimuth of Mauna Kea
s 6, =300 " | summit from Site0
(center).

=> Concept of NTA Detector Unit with
Ashra-1LC x 1.5 scaled-up x 4
+ same trigger & readout

E
> 4
N
()
o
b |
by —d
- —
<C

40
Horizontal Distgnce (km)

Effective Area [km?]

Shielding BG

Distance suitable for

o P t Huge Mass!
ower aevelopment: — 3
gl Ice ~ 10 km

References

IceCube IceCube:

Nature 484 (2012) 351 Suppl.
Info. Fig.S2 Model
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IceCube IC40+iC59 | | ANTERES:

ApJ 743 (2011)L14 Fig.2
(Right)

38 19/ Declination Range -90<5<-45

log, (E, /fev]) |t

-
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Ashra-1 really demonstrated this method !
(ApJ, 736 (2011) L12)
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v &y => Astrometry
N & y => Spectroscopy

protons, Vs => light emission after interaction with the air

neutrinos => light emission after interaction with and passing
through the earth
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great value to all participants and future development of the CR field ....
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‘| hope that this workshop will be able to
* Formulate plans to realize the identified opportunities

* |f necessary, collaborations could be formed to realize these
opportunities.
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