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XMASS experiment

Multi-purpose experiment using XMA_SS'”
liquid xenon (-100C) Multi-purpose

Y. Suzuki, hep-ph/0008296

Final goal: 10ton fiducial
volume (total 25ton)

Phase I: 100kg fiducial
volume (Total 835kQ)

€ > °Ba + 2e
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Physics in XMASS

* Solar neutrino, pp & ‘Be (XMASS-I1)
— 14ev/d pp-v, 6ev/d 'Be v (10 ton) JEEE
— ~1/10 of expected BG of phase |

* Double beta decay (XMASS-II)
— High light yield and good E res.
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Physics in XMASS

— Light mass WIMPs (low energy threshold)
— Heavy mass WIMPs (low background)

E. Aprile et al., PRL 109, 181301 (2012)
XENON100 (2012) e Phase I

— Sensitivity
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Physics in XMASS

 Search for e/y signals
— Large mass: ~>0(ton)

— Low energy threshold <<1keV
— Low background <<1/kg/keV/day

* Ex. 1) Axion and its relatives
— DM axion: 10°-10-3eV: Invisible
— Solar axions

(ev/kg/day)

event rate

— Axion Like Particles

* Ex. 2) Bosonic super-WIMPs as |
DM (0.3-100keV) |

lkeV  10keV ,




Single-phase LXe detector

* BGred. by fiducial volume (FV) cut ™ Snams—

— Good to search for e/y events

<»2phase: charge attenuation <1m

<2phase: e/yrej. only ~ 10%-103

< 2phase: High voltage is a potential
problem (XENON100: 30kV (16kV
achieved), XENON1t: 100kV)







Detector construction

"

e 2009.11: PMT holder
and PMT installation

e 2010.09: Construction
Completed
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Demonstration of the detector performance
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1 2623, event: 2

Normal run data 1T

ID Trigger

-=--- Previous event > 10 msec

* DAQ s triggered based on

# of hit PMT within 200ns
window.
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. TDC RMS <100 nsec
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| Afterpulse rejectio

counts/6.7days/835kg

* Right figure shows the

energy spectrum for each
reduction step.
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(1) Low mass WIMPs searc

° One Of the interesting _E. Aprile et al., PRL 109, 181301 (2012)

parameter space to be &
studied.

— DAMA and CoGeNT
saw signal/modulatior

XENONI100(2012)
obser 3% CIL)
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— Fermi?
Energy deposition is
smaller for them.

e Qur <~ 0.5keV for
CoGeNT, 2keV

, for DAMA) is suitable for the study .
since the low mass WIMP ive sm :




Exclusion with current

0.3 keV threshold
enables us to search
for low mass WIMPs.
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(2) Solar axion search

e Axion is a hypothetical
particle to solve the strong
CP problem.

(like photo-electric effect)

e QOur detector is suitable to
see its signal, especially
because of a large mass and
low background.

Bremsstrahlung
and Compton effect

Total energy

spectra for

m_=0, 1, 2, 4,
8, 16keV



Our experimental search
No indication of signals. Bound in g_.. Vs

45 45; 310 ¢ E
S 4 4 skev. . M. i |
=< 35:¢ 35} € 10 F
T 3+ 3k I
__% 25" 55 : & reactors 1 Beam
2 2 2 gump
=157 1.5\ & ,
g 1 1
Z05; 05} | o
g 0 Oo W 20 40
_ Max allowed

4.5¢ e

25} OkeV :

S| Ol solar neu’frln !

2 10+ .~ CoGeNT

1%; o "DFSZ o |

T 10 “Red Giants CDMS

0.5¢ T ‘

% ""50 100 150 10 2‘ 7. L S T ot

scaled energy (keV) 1010 110 101010 1omas1so(evxo



Our experimental search
* No indication of signals. Bound in g_.. vS. mass.

arxXiv:1212.6153v] submitted to PRL
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- Search for solar axions in XMASS, a large liquid-xenon detector
¢
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(3) Understanding B

Background of our detector is low, but not as low
as we expected.

PRELIMINARY RUNO7
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Origin of unexpected B! —

Found aluminum seal parts contain 233U and *1°Pb.

* <5keV not yet convinced.

Real 'data. 5.7d

entries/day/pe
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Refurbishment for reducing !!

* Most of BG is caused by o/ rays
from aluminum. Can be shielded by
metal covers.

* It's not perfect since small branch y
rays (¥60, 90keV) cannot be shielded
completely

* The detector already disassembled
Resume data taking by summer.

=» Large gain in physics analyses
=» Establish surface treatment
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B) FV cut study

* FV cut by vertex reconstruction. Surface BG leaks into FV.
Surface BG explain the observed data within +/-30% range.

* Fit with signals (blue) and BG prediction requires syst. error
evaluation of BG prediction. Examining MC dependence.

* Atopological cut and timing cut is expected to reduce BG
and examine ~1043-10**cm?. Under study.

* Improvements after the refurblshment are expected
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XMASS 1.5 as a next step

e Larger detectors have many
advantages. 1t FV (5t total).

e \We can use U-free Al in hand.
e Surface BG must be controlled.
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Sensitivities of experiments

Multi-tons
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a few years. It also has advantages for the scalability.




summary T

e Phasel

e Phase 1.5 & Il



