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XMASS experiment

Dark Matter

» XMASS

Multi purpose low-background and low-energy threshold

experiment with liquid Xenon

» Xenon detector for Weakly Interacting MASSive
Particles (dark matter search)

» Xenon MASSive detector for solar neutrino (pp/’Be)

» Xenon neutrino MASS detector (B3 decay)

. . - e " Ele mm g
Purpose of the first phase is the dark matter search. s e ==

Solar neutrino [ Double beta decay]

history of XMASS

2010 2011 2012 2013 2014 2015 2016 2017 2018
>
detector commissioning detector
construction Fun refurbishment * Resume data taking (Nov. 2013 -)
completed (Dec. 2010 (Aug. 2012 * We have already taken data for >4.5year.
(Sep.2010)  _May2012) - Oct.2013)
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~1000m underneath Mt. Ikenoyama



XMASS detector

NIM A716, 78-85, (2013)
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» Outer detector (OD, water tank)
» 72 20-inch PMTs for cosmic-ray muon veto.
» Water is also passive shield for gamma-ray
and neutron from rock/wall.
» Inner detector (ID, Liquid Xe)
» Liquid Xe surrounded by 642 2-inch PMTs.
» Single phase
» Observed scintillation light.
» photo coverage: 62%
» diameter: ~800mm
» high light yield: 14.7 PE/keV

231.5mm

310.3mm
pentakisgodecahedron

Hexagonal PMT
Hamamatsu R10789



Background in XMASS

HPGe detector measurement Energy scaled by light yield[keVee]
& center value used in 20, 1000 1500
commissioning run analysis. L L

Only standard cut is applied

2000
L] I I

PMT Al
seal

18 LXe

PMT 238U-230Th : 1.5+/-0.4Bq
aluminu | 210pp : 2.854/-1.158q
m 232Th : 96+/-18mBq

235U-207Pb : ~1.5Bq x 4.59 21%b Detector vessel
- . e holder, fill
correlated with U238 — surface olaer, ftiller
12 21%Pb copper PMT except

HPGe detector measurement plate and ring Al seal

for each parts and PMT whole.

event/day/kg/800PE
N

PMT | 232Th: 1.80+/-0.31mBq/PMT
60Co : 2.92+/-0.16mBq/PMT
40K : 9.10+/-2.15mBqg/PMT
238U : 2.26+/-0.28Bq/PMT
210Pb : 200+/-100mBq/PMT

e Rl screening of detector materials was
done using HPGe detector.

e Rl activity are estimated by spectrum
fitting for > 400pe (~30keV) (full _
volume data) with constraints from the o048
screening results.

MC/data

15000 20000 25000 30000 35000 40000
PE
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Background in XMASS

o 210Ph in copper surface & bulk.

— Alpha-ray events are identified using

scintillation decay time.

— Copper surface/bulk 21°Pb concentration are L I S S B ST
estimated by alpha-ray from 21°Po decay (Alpha Eg
from bulk makes continuous spectrum.). | S N

— 210ph Contamination in the bulk oxygen-free jg
copper was confirmed (~20 mBqg/kg) by an 20
alpha-partide counter -> See next page 0O 1000 2000 3000 40:00 50:00 60:00 70:00 8000

Rl in liquid xenon. : " olue 2 1ABi

— Coincidence analysis is used for 222Rn as %!4Bi- : f H} red:214Po
214pg (164ps) decay, &Kr as beta-gamma L b
(1.015ys, 0.434%). j:ﬁf b

— Concentration of C14 and 3°Ar in LXe are : Ljr H%
estimated from spectrum fits.  «xobayashi, xviass, icHep2018 e .

Alpha-|
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Measurement of 21°Pb in bulk copper
by alpha counter

Not only the surface alpha events, but also bulk events
can be observed! Sensitivity to 21°Pb is world best in
screening (a few mBq/kg).

= Energy (Coarse copper sample) ] Low background alpha—counter
Usder the XIA Ultra-Lo-1800
al7|ahia counter
ﬂt%@ho"? Time evolution
: 505— (coarse copper)
S F —— data (¢oarse copper) % oof %
O 40 @ - [P 2
EN: —— Bulk MC (5.3MeV) Sl e
Z 11 TTeY bl aeeeeo 2 r
20 - region B Surface MC (53M€V) 'E a0f s
0F +*|| for tl)ulk b N
0 i I!l'l#l. Ll o .+.4...|?.DE'--|Y-§-JTS'I' JI-l| WL ) PRI B AR ::_,fc-} 10:
o 1 =2 3 4 5 6 7 8 9 10

. PTich I o701 1
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210Pb in bulk oxygen free copper is measured
for the first time

Time evolution

 Many oxygen free copper samples are (oxygen free copper samples)
measured. 2!°Pb contamination is 17-40 P p—
mBC]/kg %:’0-22; B OFCH2 (MMC)

 Spare plate for XMASS detector is also =0z Do
measured to be 26 =11mBgkg, which is SONERN S ——
NOT negligible in XMASS WIMP analysis. X0 145 OFG#5 (8H Copper Prockts)
This is consistent to alpha-like events £0.125
measurement in XMASS detector. -%0[;'815

 This is the first measurement of 219Pb £0.060 +
contamination in oxygen free copper 5004%{'“_1[1_ """ = B S
(NIMA884 (2018)157-161) L .

Y 12/31 12/31



Eve nt SGlECtIOn 22 Am calibration data (5—10 keV)

of WIMP search E il
(arXiv: 1804.02180) &
1. Standard cut E =

L 2 [hir
remove electronic noise events, Cherenkov 10" -

events, after pulse events, and so on.
2. Timing based vertex reconstruction R(T)

First hit timing of each PMT is used. >
Position is fitted by likelihood. Events are \
selected if R(T)<38cm.

3. PE based vertex reconstruction R(PE)
PE map is made in each position using MC. |
Event vertex is calculated by likelihood.

Energy is also reconstructed. Events are
selected if R(PE)<20cm.
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event selection (data)

Data (WIMP search)

% — D hit nt
% 107 _— Noisleee\'\r.'?’entcut
Dataset © Ry 360m cut
R(PE) < 20cm selection
— Nov. 20th, 2013 — Mar. 29" 2016
Livetime
— 705.9days.
After applying all the cuts (standard cut +
R(T) cut + R(PE) cut), event rate becomes B
~4 X 10-3 /day/kg/kevee @ 5_5.5keVee- 0 50 100 150 200 250 300 350 PAIfEOO
g 0.006F Standard cut + R(T)<38cm+R(PE)<20cm (data)
s 0.005E
2 0.004;— ++
§ 0003 + ++_,__,_+
~ 0.002E- B S
0.001E- - o e
0 5 10 15 20 25 30
Energy[keVee]
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BaCkg round estimate Standard cut + R(T)<38cm+R(PE)<20cm (MC)
of WIMP search

Ial LXe PMT aluminum

e Background MCis generated % 0.005 — ;ej't |

using XMASS MC for each RI’s <, 0.004 hodor and fler

Pb210 copper plate PMT (except

decay mode and its activity. % 0.003 and ing auminum sea)
* Optical paramet5e7rs of LXe agg 2 0.002 /

traced with our >’Co57 and ¢°Co //

0.001
regular calibration. / // s e —

ee]

e Same event selection is applied 2 0.005

IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII

to background MC, which has 2 0004
the same livetime as the dataset. g’o 003
e ~90% of remaining BG is of .§0_002
detector surface origin (not = 0.001

internal BG). => mis-

oIl
&)
—
o
—_
&)
N
(=

25
reconstructed events. Energy[keVee]
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0.006

Search for WIMPs with 2 .F + Duta
. . g ' g — The best fit BG MC
background evaluation in ¢ 0004 10 error for the best ft
the fiducial volume. = ooz
0.001F- WIMP j %
oo 00 GeV/en, 22X 107 Q0% CL) - ™

%5 10 15 20 25 30

Energy [keVee]

10°° — — —
0% PR = prasesagle)
041 L --.>.<‘|'VIASS (2013) — CDMS-Si (201:3) -
1042 |
104 b
104 F 5
10-45 I
10—46 [
10-47'....| RN ]

Data is consistent with background
expectation.

The energy spectrum of the data was fitted
with background MC plus WIMP MC in the
energy range of 2-15keVee.

Our exclusion limit at 90% CL is 2.2x10*cm?
at 60GeV WIMPs mass.

The result can be found at arXiv:
1804.02180.

WIMP-nucleon cross section [cmz]

WIMP mass [GeV/c?]
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Annual modulation search

Dark matter event rate is expected to modulate annually due

to relative motion of the Earth around the Sun. Annual modulation
claimed by DAMA/LIBRA phasel+phase2 with 11.90 significance
(1.04+1.13 ton*year, 13 cycles).

iy
=]
To ]

Rate [counts/day/kg/keVee]
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Search in XMASS (PRD97 (2018) 102006)

e >2vyear cycle data (1.82ton*year) with low
threshold (1.0keVee, =4.8keVnr) Energy fkeV.

e No particle ID (just like DAMA/LIBRA)
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Detector stability

e We observed PE yield changes using —— N — Ruan ______________________________
Co57 source calibration. 8 o d) B O
(D Sudden drop at the power failure % - A
(@ Purification work =L Gae T
(3 Continuous gas circulation. = 30 ;— """"""
* Run2 is more stable (Runl is used in T
previous result (PLB2016)). Shesntl  m—. o . .
(RMS of P.E. yield : 0.5%) 102 e
e Using the calibration and MC, & 1o _"'."h'f':"-'."-.'::"""“.-""""'*-"‘--'-."“.’-""".-'.--- """""
estimated the detector stability. 098 D """ P 2 00:400600 """" | 800 """
— The PE yield change is described by : T ! Day from 2014. Jan. 1
the change of absorption length.
— RMS of deduced relative light Rglatively u.nstab.le du.e to
vield : Run1 - 0.6%, Run2 - 0.3% different gain calibration )
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WIMP-nucleon Cross Section [cm?]

Standard WIMP search by modulation

| Xe100-52

L CoGeNT (2013)

' XMASS2016

\

XMASS(This work)
LUX M« \XENON1T

12 14 16
WIMP Mass[GeV/c?]

18

20

o Leff uncertainty is taken
into account.

e DAMA/LIBRA region is
excluded by our
measurement.

Model assumption

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

Veeoo 544 km/s
pam: 0.3 GeV/cm?®

Lewin, Smith (1996)



Model independent results of annual modulation search

Nuclear Recoil Energy [keVnr] AmpIItUde POWer SpeCtrum

_ 5 1.0 1§ 2.0 25 3.0
>8 0 03 E_ I:l Expected + 1o _E 50 B — Data I:“Expected: 105{Iocal]i
@ T F xpec ] A Expected = 20{(ocal)} |
3 002 I 40F | 2o(global s T v 1 T O

o DAMA/LIBRA (201 n = ; ; H o : : — :
i 0.01F o = 30 — 1o (global) N ]
S - . N I L4
:g; 0 —-[- bt ....,,.-; ;: . P = ' : : e
o -0.01F =
o - ] :
& 0.02F . E
E -0.03F = S | - |
= N T R N E N B R R R 0 e : ' o :
& 0 2 4 6 8 10 12 14 16 18 20 >0 100 20 >00
< Period[days]

Energy[kevee]
* Phaset,: free parameter. 1-6 keV,,

Experiments | Amplitude(events/day/kg/keV.,,) . 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,, e No significant period was found

between 50 and 600 days.



Hidden photon (HP) and Axion-like particle (ALP) dark mater search:
motivation

HP (vector boson super-WIMPs)

e Cross section (0,,.) is:

Oabs U o

S

Gph(:tu(m =my)c  a

(o’ : the vector boson analogue to the fine

structure constant. v: velocity of the vector boson)

e Can be detected by absorption of the particle,
which is similar
to the photoelectric effect.

* The counting rate (S,) in the detector is:

] 4 x ]U2 keV Ophoto 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)

e Cross section (o

ALP (pseudo-scalar boson super-WIMPs)

V Or a g
abs) IS: -

) S
3m; ..

O abs U

o

gphum(”j — ”IH){"

draf?

(v: velocity of the vector boson, m:
pseudoscalar mass, f,: dimensionful coupling
constant.)

e The counting rate in the detector is:

1.2 x 10" Ma \ {phot
(- 0 a Photo ) 1 5=1 Jay—]
¢ A Jaee (keV) ( barn ) s

(8,..=2m_/f,, m_: electron mass)




Hidden photon and axion-like
particle search: method

event rate [1/kg/day]

Dataset: Nov. 2013 — Jul. 2016 (livetime
800days) |
Selection criteria: standard cut + i n-activated Xe

fiducial volume cut (R<30cm) (327kg ) 5 1
FV)

R3/(42.6 cm)®

40 50 60 70 80 90 100 110 120
| I |

. . . . . E 3| mu _50 keV/c IE [k!laVy]
Peak is expected in the NPE distribution. ;:“’
% 70 keV/c2?
% 10- 90 keV/c2
10° 5 1000 1500
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Hidden photon and axion-like <

XENON100

particle search: result
= prev. work
e Peak search with signal + background model “V\/\/'
by fitting at 440-2650NPE__, (30-180keVy). this work

e No candidates are found. Best constraint in Preliminary result

m T T |
-
1+ C
L

. 10 -
40-120keV/c? in both searches. _ -
S = (HP) o™
. 4[0 6? 8? 1 Otl'.) 1 20| 1 4C|) 1 6|0 1 elzo 1 . . (’b(\a
= E o | Preliminary result ¢ |Ixenon1oo
- I
E* 1 dead 13 1TmXe 107 =
c% tube ianal =
% 125] (iegst ?it) llui# 107 = p‘e\l‘\No"K
% HI# 107 pr
10?7 ; this work
10'28_ ‘ ‘ ‘ ‘ — '1(')2
NPE, HP / ALPs mass [keV/c 2]
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summary

» A WIMP dark matter search has been conducted based on
background understanding. No WIMP singal is observed and the
exclusion limit is calculated to be 2.2x10%cm? for 60GeV WIMPs.

» Annual modulation analysis has been performed using large
exposure, 1.82ton-year data. No significant modulated WIMP

signal has been observed. The result excluded DAMA/LIBRA
allowed region.

» The best constraint is obtained at 40-120keV/c? for hidden photon
and axion like particle dark matter search.

» We continue to take data. Various kind of dark matter candidates
/physics topics has been searched for! We also continue to study
various kinds of physics because XMASS has large exposure and is
sensitive to both nuclear recoil and beta/gamma.
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XMASS collaboration

ICRR, University of Tokyo K. Abe, Y. C. Chen, K. Hiraide, K. Ichimura, S. Imaizumi, N. Kato, Y. Kishimoto,
K. Kobayashi, M. Kobayashi, S. Moriyama, M. Nakahata, K. Sato, H. Sekiya,
T. Suzuki, S. Tasaka, A. Takeda, M. Yamashita

Kavli IPMU, University of Tokyo K. Martens, A. Mason, Y. Suzuki, B. Xu

Kobe University K. Miuchi, Y. Takeuchi
Tokai University K. Nishijima
Tokushima University K. Fushimi
Yokohama National University S. Nakamura

Miyagi University of Education Y. Fukuda

Nihon University H. Ogawa
ISEE, Nagoya University Y. Itow, K. Kanzawa, R. Ishii
IBS N.Y. Kim, Y. D. Kim

KRISS Y. H. Kim, M. K. Lee, K. B. Lee

11 institutes, 36 collaborators
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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  **Th (1.2£0.2)%10° (1.1=0.3)%10°
and quartz surface) o (1.9£0. 1)< 10° (1.620.2)x10°
0K (5.8+1.4)%10° (0.6=1.7)x10°
210pp (1.3+0.6)x10° (2.2:0.7)x10°
PMT aluminum seal BEY (1.5£0.4)x10° (9.0+4.1)¢ 107
By (6.8x1.8)x10! (4.1=1.8)x10!
BITh (9.6+1.8)x10! (5.5£2.2)x 10!
Hipp (2.9+1.2)x10° (3.4£1.2)x10°
Detector vessel, Biy (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 (23+0. 1)< 102 (3.0£1.9)x 107
210p, - (3.8+0.50x 10°

K.Kobayashi, XMASS, ICHEP2018

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%
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