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Direct Detection Principle

WIMPs elastically scatter off nuclei in targets, producing
nuclear recoils.

Dark Matter

(WIMP) ‘ Deposit Energy

Erecoil e <1 OO keV

X+N—=x+N nuclei
WIMP 5
For example, assuming 0
Mw =100 GeV/c2 , Mr =100 GeV/c2,r=1 /
WIMP velocity: v~ 220 km/sec dat
1 i ol
ER = EMWﬂ C

rate
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energy Masaki Yamashita
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Measuring the deposited energy due to
elastic scattered nuclel by WIMP.

Expected spectrum:
dR _ |RoF*(ER) ko 1 [fvmaz 1 3
_ [RoF"~(ER) ko f 1 (V,VE) d°v

dEr Eor k 2mvg YVUmin v
iEEYE P
|
‘ Bt ‘ﬂtﬂmiﬁm%ﬁ
motion dynamics
F: Form Factor Maxwellian distribution for DM velocity
RO: Event rate (depends on atomic IS assumed.

nuclei) V :velocity onto target,

‘ 14%4:% 0))4\ ,#)fglikﬁﬁ == VE: Earth’s motion around the Sun

377
Ry = (Oo)( PD—? )( Vo _])kgd-l
M, My \ 1pb/ \0.3GeVc~“cm -3/ \230km s

Spin independent Spin dependent
09 = AQﬁJ oy = (N, zJ (JH1)Tuctenr “2Tg
pZ OXP (2, J(J+1)proton 1,2 Ox—p




BEFRROIRIK & fFK

SuperCDMS Soudan COMS-lite
SuparCOMS Soudan Low Thrashokd
10—39 b & COMS-I Ge Low Threshokd (2011) 10—3
- — -

1047, \ ”' o W -1
v+N-> v+N ‘ ------- ‘ el 10-12

B
[0 ) - ! Nmosp“e“c 10-13

(30

WIMP-nucleon cross section [cm?]
WIMP-nucleon cross section [pb]

T 10 100 1000 T
WIMP Mass [GeV/c?]

from arXiv:1310.8327v1 Masaki Yamashita



Energy spectrum

100GeV Spin independent case 5GeV Spin independent case
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eStandard Halo Model
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eStandard Halo Model
- BEONICEE

- ERERIA

- maxwellian7

T
o=

]

N

SRIATARICY

Debris Flow

N3t

wmi

HDIEL

Total Rate

E nr

E—Z0DIX)

E nr

Modulation Amplitude

& 5 [Cmaxi

o FRA[ D

SNl

/\‘2':
I:I/)IL

- cold streams
- debris flow ...

Total Rate

— 2R RS LS

=t
Z
s
=
<
=
8
£
=
=
;‘

Stream

E nr

3 arXiv:1209.3339

I XD ERM
C K BDBEFTNGEE

[a | b
e — T — B

isolated Galaxy Light Sgr Heavy Sgr

outer rings from
spiral wrappings
e

1 K

stream of tidal debris
from Light Sgr dwarf
satellite galaxy

Purcell et al. 2012 nature

Masaki Yamashita



Lm

e

N

- S

EVMEDRED DN S &

e Standard Halo Model oA D ETIC K BB EE

- BEINICETE
- ZERIRIR

- maxwellian %

- cold streams
- debris flow ...

P8 J\O—

N

SRIATARICY

Debris Flow

R DEWN

Total Rate m

Total Rate
Total Rate

1

=
2
=
<
=
8
=
B

E

& 5 [Cmaximum DEFEIHVEEL D arXiv:1209.3339

dulation Amplitegs

Modulation Amplitude

outer rings from
spiral wrappings

stream of tidal debris

from Light Sgr dwarf eI ‘
satellite galaxy Purce” et al 201 2 nature

FMEEEES5XBHIET
= NV 775V RTREZICSVWES
-> FERYE D3V EEH

=>RES DEE DIER
>KBRIEEDhaloDIEfE
ADEH B AEEE

Masaki Yamashita






XMASS Experiment
Multi purpose low-background experiment with LXe.

® enon ive detector for Solar neutrino (pp/’Be)
® Xenon neutrino detector (double beta decay)

® (enon detector for Weakly Interacting ive Particles (DM)

XMASS |

Solar Neutrino &

2007: Project was funded. . Dark Matter
9013~ Data taking 3inch dome shape PMT DBB



The XMASS collaboration:

Kamioka Observatory, ICRR, the University of Tokyo: K. Abe, K. Hiraide, K. Ichimura, Y. Kishimoto, K. Kobayashi, M.
Kobayashi, S. Moriyama, M. Nakahata, T. Norita, H. Ogawa, H. Sekiya, O. Takachio, A. Takeda, M. Yamashita, B. Yang
Kavli IPMU, the University of Tokyo: J.Liu, K.Martens, Y. Suzuki, X. Benda

Kobe University: R. Fujita, K. Hosokawa, K. Miuchi, Y. Ohnishi, N. Oka, Y. Takeuchi

Tokai University: K. Nishijima

Gifu University: S. Tasaka

Yokohama National University: S. Nakamura

Miyagi University of Education: Y. Fukuda

STEL, Nagoya University: Y. ltow, R. Kegasa, K. Kobayashi, K. Masuda, H. Takiya

Sejong University: N. Y. Kim, Y. D. Kim

KRISS: Y. H. Kim, M. K. Lee, K. B. Lee, J. S. Lee

Tokushima University: K.Fushimi
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® 1000m under a mountain =
2700m water equiv.

®360m above the sea b _ R -~
o Horizontal access 'Gifu, Hida Clty, Ikenoyama
e Experiment [

eSuper-K

e KamLAND (Tohoku U.)

e KAGURA for interferometer

8 . .
Kamioka mine

e NEWAGE
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XMASS Detector

Activity per
RI in PMT 1PMT(mBqg/PMT)

238U-chain  0.70+/-0.28
232Th-chain  1.51+/-0.31
40K <5.1

60Co 2.92+/-0.16

- 642 ultra low background 2 inch PMTs
- Largest detector: 832 kg of LXe for
sensitive volume.




energy calibration

-Inner calibration is for energy calibration.

S — —— ¢

44 .
= T ——
> e . - l

Isotopes Energy [keV] Shape

55 e 5.9 cylinder
10901 8(*1), 22, 58, 88  cylinder
24 Am 17.8, 59.5 thin cylinder

Co 59.3(*2), 122 thin cylinder

w Masaki Yamashita



energy calibration

-High PhotoelectronYield ~15 PE/keV
-Good agreement between data and Monte Carlo

00—

[= -

1eco= 57C0
“‘°°? 15PE/keV
,0001 @122keV

= @R=-30cm

400 —
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Events (normalized)

2500 3000
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| real data |
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10 -20 30
Reconstructed position (z) [cm]
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DAMA Na w/ channeling

CoGeNT 2011 &

CRESST-II

CDMS-II

CDMS-II 2011
EDELWEISS-II 2012

XENON100 2012 - - - -
Leff uncertainty 2

40

Diffused y

XMASS

60 80 100 120 140
vector boson mass (keV)

) [pb]

as
|

Asymptotic cross section (o

y +129Ke >y *129%er

129 a* >

WIMP mass [GeV

129Ke +y

Dec. 4th

232 km/s

60

70 90 100
neutrino energy [MeV]




XMASSHE -

—Fl Z IXEF Rk TIEDAMA/LIBRAD Eth=2keV
ZNIN—TZETWVWBDIEXMASSD #H,

-4 1 photocavarage, BBIFIC K B EIEH TR,
—Target B = TIEXMASSH—&F KR Z L\,

Target Mass

TABLE II. Four recent dark-matter searches using LXe: the second science run of ZEPLIN-III

r~

[\(a [49], results of XENONI1O0 [3], the recent 225 live days reported from XENON100 [50], and the
results of XMASS [7]. Shown are the applied electric fields used by each (|E|), their quoted

-L6 scintillation thresholds (S1y,), their 3’Co light yield (LY,), and their electronic-recoil energy

1J ) thresholds using this work (Ey,).

— —

ml@ Experiment |E| (V/cm) S1y4, (PE) LY, (2 Eg, (keV)

_'Iﬁ] ' ZEPLIN-III 3400 2.6 1.3 2.8+03

1 ) /
20 XENON100 : 3 ' 2304
500 1000 1500 2000 2500 3000 3500 4000, XMASS

Electric Field [V/cm]

=18 L. Baudis et al. PhysRevD.87.115015
=N i’-'%— y Masaki Yamashita
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Masaki Yamashita, ICRR, Univ of Tokyo



o FHIFFHAlZET HSKBYPIEBICKIG
(DM, ALPs, Mirror DM, Luminous DM ...)

Rate [counts/day/kg/keVs,cO]

—
<

—_i
o
N

—_
o

—

10

R

live time 359.20 days x 832 = 298854.40 kg days

L —l- 'ID Trig (d4212363 1.000, iodO)
- dT(pre)>10 ms (29894332, 0872 0.872)

T DAR e‘inn—..- Moen409n N 0’): n aco\

i B “‘ ................. 1 ID trlgger
; 2. dT cut (> 10ms)

s T 8T TTTI]

Max/ Total PE

5
Energy [keV57CO]

PMTEIE SR

Uniform signal
(10GeV WIMP)

- m%(pe/t.gtalpe

o m%pe/tgtalpe

scaled energy

IR NS N
35 4 45
scaled energy[keV]

 — 20GeV/c2 WIMP

. —— 10 GeV/c2 WIMP
. —— 8 GeV/c2 WIMP
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AT 73
RN I & 2 RIFEREE D AN B 122D D

TIZ U T Z 1T o oo

method1: Pull method
AR EZpenalty term aZEA L TED K S,

Xmethodl —

method2: Covariance Matrix
ZimER2E & covariance matrixz FHWTER 9 3,

X?nethon — - Rex)(‘/Stat @’L_jl(Rdata REX)

systematic error 1 o

Rdata: observed data
Rex: expected rate
Nbins:Ebins x tbins

Masaki Yamashita, ICRR, Univ of Tokyo
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ZEN A BN EEAT
modulation|C & |F 2 IRTEZ 15 5 7o SO EEAT
1.164 Blcfc %7 —% %Z 40 time bins x 45 Energy bins(C 77 %,
(1 periodlZ#J10H. Energy bin 1&(£0.1 keVszco)
2.9 N TDEnergy/time binlc Xt U TRIRFICFitZ 1T > o
3. Model Independent & Model Dependent® i /7 (<t U T 247

Model Independent case.

6H 12H
HIRDAERICE D 75y I AN ED S

id =
Model Dependent case (WIMP case).

(summer - winter), energy spectrum

RfX(EZ, t]) = Cz

WIMP-TZ%@% T —— _ iBBEev%
HRIE(WIMP D spectrunm ) S S S ——

5
energylkeVy, |



Model independent time variation
(pull term)

Co:I

S . Stematlcerrar ............................ =3 524_d : )

200 500
Day from 2014.Jan.1

date from 2014.1.1
phase & periodZE7E L. 2D fit. #xIEIF & T RILF—

C & [Cfree parameter,

>I-D
Q
>
-
S,
3
P
whd
Q
>
9,
Q
whd
®©
o

Masaki Yamashita, ICRR, Univ of Tokyo
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WIMP-nucleon Cross Section

VO 220.0 km/s
V_esc 650.0 km/s
Pdm 0.3 GeV/cms3
DAMA/LIBRA(2009 Savage) Lewin, Smith (1996)
Leff -10 of

Aprile PRL (2011).

— y(ﬁ
CoGeNT ML(2014) CDMS-Si (2014) -

\ B
o I
' DM-ICE (fafi&)

‘. ~~ __XENON100(2012)
i W ERVELR
10 12 14 PICOLON 7% &

WIMP Mass[GeV/c?]

EEEHEC K D #H TDAMA/LIBRAD MBI % (XX 1/ \—
S DT —4 TlECoGeNT, CDMS-SiHh H/\—TE= B BTSN,
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ERYE & DOEAE

nuclear recoil electronic recoil
Inside an Electron Inside an




Model Independent Analysis

Amplitude[events/day/kg/keV,, Co]

pull method

ndf=1709

%x2(min)=1845.0 p-val=0.0199
%x2(no mod.)= 1912 3 p -val=0.013
x2(no mod.)-x2(mir)=

— émethéod 1

—— émethéod 2 5

.h-"'.--n-.--lpnr._.... Eae=z ,—_‘
H HH md“’--’”" —is
g : "

Nuclear Recoil Energy [keVnr]
25

Electrdn Equivfalent Eriergy [kéVee]
: : 5 6

|:| Expéected + 150

4 4.5 5
Energy[keV57CO]

covariance

ndf=1710

%x2(mMin)=1901.73 p-val=0.028
x2(no mod.)=1961.84 p-val=0.022
%2(N0 MOod.)-y2 (i)

K 40 -:«y

B IXRILF—0 IRIEZ KHTIHER,
-— DD U fefETIE R<—3ULT

Wd,

-aT. RitmRENS TR NS0

% 10,000 dummy sample Z1ED K &
Bo

-Z DR TH S WA DT TIRIEDE
IElE7 <. 1.8,1.40TH > o
-XeVCIRERFICLDEWEZSAIETE
)L % 5 L T L < Alamplitudeld
DAMA/LIBRAZ HEBR LT W5,
-2keVLLT Tldnegative /R IRIEH IR 11
TW3, METRICELTIERWAY, fFl
ZIEXe TIEWIMP ~50 GeVIL ETC
D& S IRIEZFF Do

S, RIFREZ S U THS
MM LTIT<,

Masaki Yamashita, ICRR, Univ of Tokyo



summary

o XMASS-IEERIC K BUH THOZENZENIC K DERNA,
e 2013/11-2015/3F T®?359.2H Dlive time

o _DDMIIGERTHITIONT, (pull method, Covariance matrix)
e model independent

o IRIBDENIEIXFINFT1.80. 140
ILKE<S. RREBEZ RS U TSI SRIER

[=1]

* negative/RHRINE I
1T 2o

e model dependent (WIMP search)

. ;%‘iﬁ’ﬁﬁéb% 3L\ T8 TDAMA/LIBRADTEIS Z (ZIFBEFR S 11

o SEMDT —% TIECoGeNT, CDMSSIDEHHINTH/N—h
I ENHFTFINTWS,

Masaki Yamashita, ICRR, Univ of Tokyo



