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Dark Matter

XMASS EE&

> XMASS
> EwARXE/OFRWRANYYTSOUR, REE
g;% BrEE, IREDE4I—T YNIBEYMEIE
> ﬁlj%i%#lﬂﬂﬂ‘lﬁooom'éﬁﬁiﬂutlﬂ
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Purpose of the first phase is the dark matter search. =S mii e _Ei,

[Double beta decay]

Solar neutrino

history of XMASS

2010 2011 2012 2013 2014 2015 2016 2017 2018
>
BRHEF/ER 33v3a=y  BRHESH B - N
(Sep. 2010) (Dec. 2010  refurbishment y T—'}"H&H’éﬁﬁ_&? (Nov. 2913 -)
- May 2012) (Aug. 2012 o BRIZASFELULET—AERMBELEIT TS,
- Oct. 2013)
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http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif
http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif
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NIM A716, 78-85, (2013)
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EV 1113mm
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> — X ARAERT /OB
> 832kgDRIRFE/E6L2EKD 24V FPMTTHET,
> HEEZR: 62%
> IR AIDOERE: ~800mm
> BULVAEEFULZ high light yield: ~15 PE/keV
> Outer detector (FKZ>%)
> 72AKMD204 >V FPMTCEREHBEI1I—F > ZFveto
> KICKBDIREA TR, P EFDERK.

231.5mm

310.3mm
pentakisgodecahedron

Hexagonal PMT
Hamamatsu R10789
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® HMABEMRITIZLSD WIMP IEZ (A direct dark matter search in XMASS-1) PLB789 (2019) 45-53
o EHLEFZAL-IEEMEIERE (Direct dark matter search by annual modulation with 2.7 years of XMASS-I data)
PhysRevD97, 102006 (2018)
@ 12Xe 126Xe D2v_E BFIHEDIERE (Improved search for two-neutrino double electron capture on 24Xe and 26Xe
using particle identification in XMASS-1) PTEP (2018) 053D03
® Hidden photon & U axion-like ¥ FDIEE W EIEZK (Search for dark matter in the form of hidden photons and
axion-like particles in the XMASS detector) PLB787 (2018) 153-158
O HIAXL/OTHDRFRREMBZRDHEIFELDAITE (A measurement of the scintillation decay time constant of
nuclear recoils in liquid xenon with the XMASS-| detector) JINST 13 (2018) P12032
o BRI DIHX
® {KBG PMT (R10789) MEHZF (Development of low radioactivity photomultiplier tubes for the XMASS-I detector)
arXiv:1808.03617
o EHIZENZF L\ =sub-GeVIBEI DIE EWEEFE (Search for sub-GeV dark matter by annual modulation using
XMASS-I detector) arXiv:1808.06177
® WIMPH%F. JESHEBLEL DIEFE (Search for WIMP-129Xe inelastic scattering with particle identification in XMASS-1)
arXiv:1809.05358
® T—AULEE - HT-R&D
® 2013F11AMLREL-T—2NEZ#iET
® FRARIGYIBMBTZZHITH
o HEFAMRE: MMmE 205M. k% 205 M \
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A ﬁ?ﬂﬁﬁﬁﬁ’q’:#ﬁl &b
WIMPIRR: T—4

F—4
— Nov. 20th, 2013 — Mar. 29t 2016
— Livetime: 705.9days.

= FRIER

Standard cut: /A X FxL2aAT7EZR(PMTH
Y—R DKM DAR—2RFER]) R ES
NEBERICKSANERELVN: BFE. L2

DEINTNNOCRRDUEZHEEL. BET _
[EHD M 538ecmELA(R(T) cut), & TIL20cm %0005

LIR(R(PE) cut) DEBRDAZFA FREB/RE 3 3 0004
Mok B\ TSIV RERE.
I RTDAHAYE (standard cut + R(T) cut +
R(PE) cut)zMIFTdHE, L—RIE ~4 %1073
/day/kg/keVee @ 5-5.5keVeelZ7i5,

entries

Jinl

S @ 0.003
~ 0.002
0.001

event selection (data)

1D hit event

Noise even t cut
Cherenkov cut

R(T) > 38cm cut

20cm selection

R(PE) <

100 150 200 250 300 350 400

PE

Standard cut + R(T)<38cm+R(PE)<20cm (data)
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BNARIERETIZLDWIMPERFR:
/{“jgg\\%rysjl\ojb*ﬁ:b L) (1/3) Only standard cut is applied

Energy scaled by light yield[keVee]

HPGe detector measurement 20, 500 1000 1500 2000
& center value used in L r———r ++—+v—rr7rrrrrrorrTrTrerT T T
commissioning run analysis. o
o 18 L Xe PMT Al
PMT 238U-230Th : 1.5+/-0.4Bq O seal
aluminu | 210pb : 2.85+/-1.158q 0 16H5
m 232Th : 96+/-18mBq E') — 210pp Detector vessel
: | |
235U-207Pb : ~1.5Bq x 4.5% ‘_—‘E 144 surface holder, filler
correlated with U238 > =N
_g 12 210ph copper PMT except
HPGe detector measurement - plate and ring Al seal
for each parts and PMT whole. %
PMT | 232Th: 1.80+/-0.31mBqg/PMT %

60Co : 2.924/-0.16mBq/PMT
40K : 9.104/-2.15mBq/PMT
238U : 2.26+/-0.28Bq/PMT
210Pb : 200+/-100mBq/PMT

RHsRICERLEMHEIEEMES LT
HEETRY)—=2 T %1T1o1=,

e ERFEZFTRALVPERRYLSL (>400pe
(~30keV)) & RO —=2 T DFEREZ KL
"Cfltj—%):t(:;L}%*j‘*’il_d)Rl%ﬁj,ﬁ:&of:o 0.4 5000 10000 15000 20000 25000 30000 35000 40000

PE
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o HRZFRME. /\ILIHD20Ph

BHAEEMICLBWIMPIER:
NV SHURRIEDBY(2/3)

Alpha I|ke event sample / =

- AT RBRERKEEHNEAIOT wp | e—
HBITES, RE. /L IROUPEABL O &
Mo HIEMSH AT IILI7— RS RELEON JF T A
Bo (PNLIRDDOHATLIZ—HRIETRL wf 1 PP
F— B TEHNIHENDTRANTES,) o

0] IS N

— BERFAPDPbEREIXANTRDIAT
L EF L T7—BREBTRELEECD o 0 B
26+ 11mBq/kglZ7mV EHED BT Zconsistent % 1000 2000 3000 4060 200580007000 8000
1=>7=(NIMA884 (2018)157-161), b sueziasi]  PE

o FIRXE/HBDRI f H} red:214Po

— 222Rp [F214Bj-214Po (164us)BRFT. 8°Krld beta- g Hﬁ ﬁjm“ﬁ
gamma (1.015us, 0.434%)IZ &Y BRiEHo1=, W

— VCEPArEIRILF—D T T1vbT BHIEIC L}fr Hih

& 5k ER R KEFH A = Ot B enE A 40 60 e 100 ‘126103 7
LY BIEEof=, T xvass, FRIOEEERAS FEARRAANARAL RS e




BNATEREITIZLKDWIMPIER:
N5 SHURRIERY(3/3)  Standard cut + R(T)<38cm+R(PE)<20cm (MC)

LXe

PMT aluminum
seal

(0]
. FRERALEHTNYITTY g 000
VEMCZEEST=6. EEIRIICER 3 0.004

Pb210 surface Detector vessel,

holder and filler

Pb210 copper plate PMT (except

=L TLV4 5Co57 and °Co % 0.003 e
Xpl) 7“l/ ‘/El/’CO)IT?zﬁKjF 2,0.002

. 7_"\—’5‘H7|‘§0)I|vet|me0)/ \‘J7 .
JIOURMCEEYERERE § 0.005
17o7=, £ 0.004

. ﬁ%ot"’%%@/ \WO9T 5k < 0.003

ERIIBEHFRAERTER § 0.002

BB CTvertex B AAIIZLM»= = 001

e R1=o1=,

|||n|

IIIIIIIIIIIIIIIIIIIIIIllll IIII|IIIIIIIIIIIIIIIIIIII”II

.|||n|

oII

0 25 30
EnergylkeVee]
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0.006

o -
= -4 Data
- - — = il
BRARERI=ES 10 o
S~ E 0.004;— 1 O error for the best fit
WIMPERFR: #5R  §°
1R . T s
= 0.002F
0.001F WIMP +
E | oo oeee 60 GeV/eh, 22X 107 (90% CL) T
% 5 10 15 20 25 30

Energy [keVee]

10°° — — —
0% PR = prasesagle)
041 L --.>.<‘|'VIASS (2013) — CDMS-Si (2012) -
1042 |
104 b
10%F %
10-45 I
10—46 [
10-47'..... RN ]

T—REN\VITSIOURIZKSHAFIEL

consistent,

IRILF—5 % (2-15keVee) ZE/\ w495
2 RMCE WIMP MCTfitLTREL -1,

90% CLTMexclusion limitld 60GeV WIMPs
mass C2.2x10%cm2& i~ T-=,

PLB 789 (2019) 45-53. arXiv: 1804.02180.

WIMP-nucleon cross section [cmz]

WIMP mass [GeV/c?]
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EMEEI_LIBEMEIER

Hﬁi%ﬁl"J:é:-;r%(iiﬂf?b“j(l}ﬁ@ﬁ UZE>TWWHIEMLE 232 km/s

LT H LN HBIND, SHEHOBROLTIE "
DAMA/LlBRA;&%ﬁh\phasehphasezA#oﬁ 11.90 (1.04+1.13 ton- 60° [ /eam
vear, 13 cycles) CERRIL =& FRL TLVS A, {1 EERTILE RIS

TLVELY,

XMASS THEIEREITHO>TET=H(PLB759(2016)272-

276) . et ZIEOLEREF L HT- (PRDI7 (2018)

102006),

o T—RESFEYAY)L{FER (1.82ton"year), &
EE{iE (1.0keVee, =4.8keVnr)

o RIFEAIIXITHLELY (DAMA/LIBRAREIHR)

Efficiency

Rate [counts/day/kg/keVee]

10°

o o =
O —
o L a4 O Or\)

-3
10 0

o
o

o
o)

o
N

o
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o

June 2nd.




BRHBIDEZEN

e Co57 fRiRIZKDFr)TL—avIC

FYPEDELEELA

DEEBIZEYER T,

OF R ES g

QF /o H RAEREHIIEIR e O o
* RUN2[FELIZRE RunlFBIRION 8 |- gt

IF1E}%LT:§EFE((F>L32016)). TR | |

(RMS of P.E. yield : 0.5%) 1-02;— """"""""""""" T """"""""""""
 ERYTL—aUEMCERRE & 0 e T e T e e e

mDETEMZ/EITLI-, )

0 | 200 400 600 800

- PE@%"E(Q:W”RE@%"ETE%EE 1 T :Dayfrom2014. Jan. 1
TZ%o

— X EDRMSIE: Runl - 0.6%,
Run2 - 0.3%

FADC® gain calibration® /A
ENEGYOOEEFNH D,
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WIMP-nucleon Cross Section [cm?]

= = = =
S o o o
B E w w
ol o w [oe]

\J
4

SHTHICLIRENE RER R

| Xe100-52 \

L CoGeNT (2013)

' XMASS2016

\

XMASS(This work)
LUX M« \XENON1T

12 14 16
WIMP Mass[GeV/c?]

18

20

o ¥ /< DELRAIIZDAMA/LIBRA

mREEHEFRL 1=,
e PhysRevD97, 102006 (2018)

Model assumption

T:1lyear, t0=152.5day (fixed)
V: 232.0 km/s

Veeoo 544 km/s
pdm: 0.3 GeV/cm?3

Lewin, Smith (1996)



ETILICESHEWVERTHDER

Nuclear Recoil Energy [keVnr] Am pl itu d e POWe I SpeCtrU m

5 10 15 20 25 30

;3 0.035_ |:| Expected + 1o _i 50 E — Data |:|§Expected:1a§(|ocan§

% 002; I:IEE)::::LTBHTNH —i 40 ;_ 20 Cg|oba|] |:|§Expected: EUéﬁlocal}E L

% 0.01F o - a0 E o (globalj ' E

O - . s - T 1|

- i osers {s |

E, 0.01} {?W -

S -0.02 -

5 0 2 4 6 8 10 12 14 16 18 20 >0 100 200 °00

< Period[days]

Energy[keV |

— : - * Phase t,: free parameter. 1-6 keV,,

= Amplitude(events/day/kg/keVe.) * Test statistics : Ay? of model

DAMA/LIBRA | ~0.02 at 2.0-3.5keV,, independent analysis between null and

XENON100 |1.67+0.73 x 10 at 2.0-5.8keV,, periodic hypotheses.

XMASS <(1.3-3.2) x 103 at 2-6keV,, o BEIZEINALNDEHAIL 50~
600 B IZIX /g o T=,




Hidden photon (HP)&Axion-like particle (ALP)ES 2 Y B #EXR : Bt

HP (vector boson super-WIMPs)
¢ ﬁ&ﬁL&ﬁﬁ*ﬁ (oahc):

Oabs U o

S

Gph(:tu(m =my)c  a

(o’ : the vector boson analogue to the fine
structure constant. v: the vector bosoniE [E)

o REBEINREFRHRDBETHEETSED
o FRHEITOEHRIZR(S,) :

Y 4 X ] (JES (1! kev Gph[)[() —1 —1
S, & — kg™ day
| A a \ my barn

(A:atomic mass, standard local matter
density: 0.3GeV/cm3)

Pospelov et, al. Phys. Rev. D 78 115012 (2008)

ALP (pseudo-scalar boson super-WIMPs)

ra g

k\
) 3m? e .
— ~ A e

| A 2
Ophoto (@ = My )c  4mafs

(v: vector bosoni®R E, m_: pseudoscalar mass,
f,: dimensionful coupling constant.)

¢ RHIFTOEHAIZ:

19
SG N 1.2 x 10 .(j":we ﬂ O photo kL’_] (kly_]
A keV barn -

(8.cc=2M/f, m_  BFNDEE)




10°

HPEALPRE EMEIRR: Fik = -
T—4: $ o

e Nov. 2013 —Jul. 2016 (livetime ‘O_Q
800days) "

n-activated Xe

T—2E R 0 . . C:n)3
e standard cut + fiducial volume cut 0 50 e 70 e 50 100 110 120
(R<30cm) (327kg FV) g =50 keV/cs E kil
NPER I CTE—VLLTERBITE S, % : 70 kevse:
10° 500 1000 1500 e
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HPEALPREEM G IR SR

440-2650NPE

(30-180keV y) D B Z 7\

TIlE3

2950k +HES(E—D) TI1ryhLIEE
ARFERIE
IZE bR DEIRE S A 7=,
PLB787 (2018) 153-158

100 120 140 160 180
| | | | |

Nnzh-t-, 40-120keV/c?

signal
(best fit)

event rate [10°keV/y/kg/day]

1500 2000 2500
NPE__,
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XENON100

prev. work

«\/\/\/'

this work

Preliminary result
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o
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%
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<
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o

XENON100

this work

10°
HP / ALPs mass [keV/c ?]
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FED

> XMASSEER(I2013FEMNS4F L L L ERIIZE B ZHE T TL

Do

>INV DT TOUREREL. ENAEEENICKOWIMPIEERZH
ZIES =R EELGWIMPE R IFEAISN G -T-, BE=60GeV

DWIMPsTIlE 2.2x10%cm?23

= CHEBRL 7=,

> Z=MEF AN -FEEYEIFER TIL1.82ton-yearELNVD KR ET
T%;ﬁof*b\’ﬁnﬁwu\ﬁm Hliﬁﬁ,/ﬁ'l'éhﬁb\of:o _DfER

DAMA/LIBRA FEIZHEFRL 1=,

» hidden photon and axion like partlcled) BEYERRTIEES

TH DML LEMDT=HV40- 120keV/c2’CE—:B§§L\?ﬁUBE€’JH’T:o

> RATIIEFGEL TIT O TUK T E FiT=I[T3RDFE XM BT EH,
> 2018 FEERNIZT—INEFERT T E,
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KamLAND wat—t

; 1z T
IPMU Labl NEWAGE CLIO

7S -

INKKFREF, XMASS, TFR30FEERREKE

~1000m underneath Mt. Ikenoyama
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Kobe University

K. Miuchi, Y. Takeuchi

Tokai University
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Tokushima University
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Nihon University
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WIMP search in the fiducial volume

Location of RI RI Activity [mBg/detector]  Activity [mBg/detector]
mnitial value of the fit the best fit value
LXe 2Rn - 8.530.16
SKr - 0.25+0.04
WAr - 0.65+0.04
Hc - 0.19£0.01
copper plate and ring 210pp - (6.0£1.0)x 107
copper surface 210pp - 0.7+0.1
PMT quartz surface Hopy - 6.4+0.1
PMT BEy (1.5£0.2)x10° (2.0£0.2)x10°
(except aluminum seal BITh (1.2+0.2)x10° (1.120.3)x10°
and quartz surface) tCq (1.9£0. 1) 10° (1.620.2)x 103
0K (5.8+1.4)%10° (0.6=1.7)x10°
210pp (1.320.6)x10° (2.2:0.7)x10°
PMT aluminum seal LE(g (1.5£0.4)x10° (9.0x4.1)x 102
By (6.8+1.8)x10! (4.1=1.8)x10!
BITh (9.6£1.8)x10! (5.5£2.2)x 10!
Hipp (2.91.2)x10° (3.4£1.2)x10°
Detector vessel, BEy (1.8£0.7)x10° (9.0=7.6)%10°
holder and filler ITh (6.4+0.7)x10° (6.4+3.2)x10°
Co (2.320.1)x 107 (3.0£1.9)x 107
210p, - (3.8+0.50x 10°

Contents

Systematic error

2-15 ke Ve

15-30 ke Ve

(1) Plate gap

(2) Ring roughness

(3) Copper reflectivity
(4) Plate floating

(5) PMT aluminum seal
(6) Reconstruction

(7) Timing response

(8) Dead PMT

(9) LXe property

+6.2/-22.8%

+6.6/-7.0%

+0.0/-4.6%
+0.7/-0.7%
+3.0/-6.2%
+4.6/-8.5%
+10.3/-0.0%

+0.7/-6.7%

+1.9/-6.9%
+2.0/-2.1%
+2.5/-0.0%

+0.0/-1.4%

+0.4/-5.3%

+45.2/-0.0%

+1.5/-1.1%

FROFERFARFTFHBRAEFTLEAFNAMARERRERS
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