e
s

HERICHO AT 3 £IEEEI‘]IDL

‘:?lﬁ i'ﬂq’
i

W%

*3'

B8

201753388
ICRR
FEH « FNFRTUIYTRDT—)b

ST
WP AF

& " 2 E
. N\
—

. :'-“ [+ '_
rl L-':
Elﬁﬁ

ﬂsﬁaﬁ

% 1.13

T

J:_
SANEAR

v



http://www.amazon.co.jp/gp/product/images/4800301505/ref=dp_image_0/377-7432858-7951954?ie=UTF8&n=465392&s=books
http://www.amazon.co.jp/gp/product/images/4800301505/ref=dp_image_0/377-7432858-7951954?ie=UTF8&n=465392&s=books

Mlanadlam .



SArdV2

—
O~

e

m SANEAES
m P ARE JEEIR

mE

#FE 8K

INAT
#9445 000 14 (0.65 #1)

B BEXH - R AFE KFFEIEFRTTR YIIEZF I A+
ppwww.phys.sci.kobe-u.ac.jp/~miuchi/ ¥

2012/04/11 - e-mail: miuchi@panda.kobe-u.ac.jp £PTT657-8501 A1 j2#[X 7
AEFIREMTA P FSNBE AR FRSMTR3SE3TSZE /I AL
5637. FAX +81(0)78-803-5662



HAISARIEFE

The Nobel Prize in Physics
2013

The Nobel Prize in Physics
2015

Photo: A. Mahmoud Photo: A. Mahmoud
Frangms Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

Phot Mahmoud Photo: A. Mahmoud
Takaakl Kajlta Arthur B. McDonald
Prize share: 1/2 Prize share: 1/2
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Afterglow Light
Pattern
400,000 yrs.

I_-

Dark Ages

Development of

about 400 million yrs.

Big Bang Expansion

Galaxies, Planets, etc.

Dark Energy
Accelerated Expansion

Credit: NASA, WMAP

13.7 billion years
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Gravitational Lens in Abell 2218 © HST - WFPC2
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Astrophysmal Journal 648 648(2006)L109
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e BRMERSES ¢ LHC

| Tunnel circumference: 27 km,
~ 100m under ground.
1232 main +7000 smaller magnets,
B = 8 Tesla (@ 14TeV)
Operating temperature: 1.9K

4 Experiments: ATLAS, CMS,
ALICE, 1.HCD.

- RINBEFIRFEEE CERN (20128t w2 XHIFHES)
BF & BF EZeIR/IF-—TEZEED
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EM : o(E)/E =10%NE +0.7%

\\\\\ ‘ Hadron . G'{E)E — 50‘}.0?'\,’I’E + 3% [?{ < 3)
o(E)/E =100%/vE + 10% (n > 3)

B\
oy e
21, lal<2.5
0/Pr=0.05% Pr + 1% (3%@40GeV )

N PV S ST

il ! * ' 80 um x 6cm 50 x 400 pm2 4mm ¢
R*dl =2 to 6 T*m 2T 7M ch. 80Mch. 350k ch.
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Galactic DM Halo ' _ e ,
o bl L Y Galactic Center

- good S/N :
- difficult background - brightest DM source
- angular information - bright background

DM clumps

- no baryons
- bright enough?
- boost overall signal

Extragalactic DA ) = | Dwarf Spheroidal Galaxies
- nearly’isotropic W O R R - harbor small number of stars

- visible near Galactic Poles - i - otherwise dark (no y-ray emission)
- angular information - ' '
- galaxy clusters?

Gondlo@Tokyo Jan 2017 i Kuhlen, Diemand, Madau 2007
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The AMS results are in excellent agreement
with a Dark Matter Model L/_O_ 9
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AMS 2016

B

N
o

- Tracker

-l
o1

Positron Spectrum
E? Flux [GeV?/(s sr m2 GeV)]

Dark Matter
1TeV

—
Q

Cos 7
”"c Rays .
ith /s

Energy [GeV]

2

10 10

T—H iR H—DOVYI—THETED,
FRR? OER (NLD—xd) THERBAalEE,



WAVES

@ FERIMIZE
@ R Pi (1G9VT1§'§_5 L/g:bd)) DORE/\ERT (1% )

— Ackermann et al. (2015)
— Nominal sample

05% Containment @
gL ’ZVERS

0-2BL R3] g\ .
g 3 (J:BEE) _

'._‘ -~
|
w
[m :_|
—
—
.-':_'.'-.
=
L

DMIE:REB

J_H-.\H:i"« . 1611 ”3’ | 84v 1 (J:BE{E) »

102
DM Mass (GeV)

-IBSmICBEDDhd, SiRICEE



B R

BEMNSEZRS

AMSD1TeVIU FDRIE
FermidD1GeV{ T DRIL

ISEDDND. ERRFIRI T,



IS

F—095—

’ 257
B ERER

BREERFR




BEERFR

BEMEZR[TO



>
= ¥ [CHSE
miEzxn]:
BENEND  ©F

‘}[‘L...J I ™rag A% e

IERYIEERR

2MEN B2

N B AR bl o
e e L e S
_________



Dark Matter Direct Searches {E& DM & EF# Dtttk

AL

NPT S0k BF . HAUTHR & BFORIG

Er (photon) (photon + charge)
DAMA, DM-IC

COSINE, SABRE, ANAIS (Nal) XENON, LUX, PANDA-X,LZ

: Er(charge)
(photon + heat) %
CoGent
P DAMIC (Ge)
(Cawo g S NEWS-SNO (Ne
Er<~100k (Ne)
(charge + heat) Er+DIRECTION
PI-COUPP,SIMPLE (CxFx) CDMS (Ge/Si) DRIFT, NEWAGE,
EDELWEISS (Ge) DMTPC, MIMAC,
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A world-wide effort to search %

il_xl!J.L..m Douldy
DEAP LEPLL
CLEAN DRIFT
i‘ff«“:: Homestake _ ; -
COUI X viodane AT R R AGYE Fadiz) £l
SOUdS il
| P CRESST =
w;&dlﬂmﬁ wantranc YAMA/LIBRA | nping -
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Gxpr = 0.1 pb

Pp = 0.3 GeV/c?/cm?

Vo  =220km/s

VE =247 km/s (Jun.)
217 km/s (Dec.)

Vese = 650 km/s
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= DAMA/LIBRA Pl
o 250kgd)NaI$§LJEE

The new DAMA/LIBRA set-up ~250 kg Nal(Tl)
Large sodium lodide Bulk for RAre processes)
AS a resu ’r I"T a second generation RaD Tor mo rr radiopure Nal(11)
v chemical/physical radiopurification technigues
stals and PMTs - including photos - in HP Nitrogen atmosphere)

closing the Cu box
housing the detectors



http://www.fifa.com/worldcup/teams/team=43954/index.html
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= DAMA : 14917 D)LD =& ZE8

Slngle hit residuals rate of scinfillation events vs time in 2-6 keV EPJC 56[2008)333 EPJC 67(2010)39, EPJC 73(2013)2648

08

{t]]U[‘!:I'll"I‘sS-n—s'?.‘i]\U} ' o ' : ' (l.llgetmflﬁs—n"SI\G) Lo | continuous line: T =152.5d, T—]Oy
SHINEEEE SEEREEEENEEEEE N 51 A=(0.0110£0.0012) cpd/kg/keV

*——— DANIAINaT (6:29]ton<yrT) ———-;» || <—— DAMAIBRA (1.04 tonXyr) ———>
g_: ,TE _: ] i i | | gl | | ! | [ | i | | { I | I | o~
- oM Wig gl F Ui k4 T4 P L0 L]l x¥/dof=70.4/86 92cCL.

Absence of modulation? No

Residuals (cpd/kg/keV)

Fit with all the parameters free:

.I.LJ.|.lJ.l{.;.'.J_'.].LJ':L'. JLILILLFRTLTTLT L

2 L RET PR T LT L L E Y T R
e PR T | romiswereias =1 50
E‘ | ! i | [} E{ | :l I ! | | | !

0.1 B Y A= (0.0112£0.0012) cpd/kg/keV
Time (day) o= (144£7) d - T= (0.998£0.002) y

Target : PF
0.1 pb

soms || fDRETHBIRE T,

VE =247 km/s (Jun.)
217 km/s (Dec.) | A
Vese = 650 km/s

M = —xEEETL\BAE?2??
O e ST HULF—I1E

10 20

G xp
Pp

<
<
I

0.8

0.6

0.4

counts/keV/day/kg
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e 2EBIRIAFt_/> XENON (161kg total)
LUX(250kg active) PandaX-Il (500kg sensitive)

m /1 NIROBREICEBND

PandaX-ll

* 48cm diameter by 48.cm
height dodecagonal
“cylinder”. !
New stainless steel  6250.9 kg LXe in active region ﬁ/ 4
vessel with lower «61 PMTs on top, 61 on 7/
bottom, specially produced
for low radiogenic BGs and
VUV sensitivity.
* Xenon was pre-purified via
chromatographic separation, *
reducing residual krypton.

radioactivity

55 R11410 (top)

59 y
8 R8520 (veto) e Liquid is continuously

recirculated (% tonne per

day) to maintain chemical

purity.

Electrode rings fully |® Ultra-low BG titanium
covered by Teflon cryostat.

wf /.
-55 R’I’I-l'lﬂ(hol!om)l \i
ggb ra

Overflow chamber veto regio n

inside the vessel

Teflon with better

reflectivity




= LUX (332 live-days, exposure 33500 kg days) O
PandaX-ll (33000 kg days) DYIS/EE

PRL 118, ()”H()"-‘: (2017)
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WIMP-nucleon cross section [zb]
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WIMP Mass [GeV/c?]
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The Nobel Prize in Physics
2015
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Fine-grained Nuclear Emulsion
[ Nano Imaging Tracker: NIT]
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