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XMASS Experiment

e XMASS
- Xenon MASSive detector for Solar neutrino (pp/‘/Be)

- Xenon neutrino MASS detector (double beta decay)
- Xenon detector for Weakly Interacting MASSive Particles (DM)
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Direct Detection Principle

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

e From the density of dark matter in the galaxy:

e Every liter of space: 10-100 WIMPs, Dark Matter Denosit Ener

|
e moving at 1/1000 the speed of light (WIMP) P Dep ad
e Less than 1 WIMP/week will collide with an atom in ‘

1kg material

dEp Eor k 2mvo

dR __ RoF*(ERr) kg _1 [[Vmaz 1

(v, vg)dv

Umin v

Ro: Event rate Maxwellian distribution for DM
F: Form Factor velocity is assumed.

should be calculated in vo:dispersion

each nuclei V :velocity onto target,

Ve: Earth’s motion around the Sun

377 OO pD Vo I
S YRS T
F xMN lpb) 0.3GeVe “cm 3) 230km s~ ! &

Event Rate [event/kg/day/keV]

Spin independent case: HEEEELEE
10 20 30 40 50 60 70 80 90 100
Recoil Energy [keV]
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Cross Section: Spin Independent Case

0.5 ton-year exposure , 30 discovery
Spin Independent (SI)
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spin dependent case

neutron proton

2

Spin-dependent pure neutron cross section [cm2]

WIMP Mass [GeV/c?] WIMP Mass [GeV/c?]

enatural Xe: ?9Xe, 26.4 %, spin 1/2, 13'Xe, 21.2%, spin 3/2
® 3Ge (spin-9=2) 7.73% , 2°Si (spin-1=2) 4.68%
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XMASS: Location and Facility
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XMASS: Location and Facility
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XMASS: Location and Facility
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XMASS: Location and Facility
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Material Selection by ICP-MS

® PMT holder: Holder to place 642 PMTs.
Al ~350 kg ® Filler: to save the space for LXe.
® |Inner Vacuum Chamber (IVC): to hold -100°C LXe

® Outer Vacuum Chamber (OVC): to hold vacuum
insulation.

Requirement of Radioactivity Level
/ ] Al

Outer Vacuum Chamber (OVC
Inner Vacuum Chamber (IVC)
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Requirement of Radioactivity

® Neutron flux from (alpha,n) or S.F is estimated by using the
modified SOURCES Code (NIMA595 (2008) 431).

Copper (U:10 ppb)
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XMASS PMT HISTOR

4 -

Model Prototype R10789(R8778)
Material:Body glass Kovar
QE 25% 27-39%
RI:
U [mBqg/PMT] 50 <1
Th [mBqg/PMT] 13 <0.94
0K [mBg/ 610 <9.68
%0Co [mBg/ <1.8 4.47+0.34
v/ 0Co BRE NV H TS HOUREL101I2F BT E ZFEBEL TRIMARN=V X LBHH
vV IRTOMEZGetk 28 CRIZESR I DHIER/ESE
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MCIZ&KBPMTHILD/\vHIHSHURD RELY

(-

238U BG 75days — all volume 238U BG 75days — all volume
’ ’ | . |l 5cm shield 1 Bl 5cm shield
' ' | | 10cm shield

10cm shield
- 20cm shield

|l 20cm shield
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Distillation to reduce krypton

Motivation 13 stage of ‘ Boiling point
For XMASS 800kg (@ 1y

Xe 165K
Kr 120K

cmo

improve production speed and reduction rate

Study for these

Parameters: _
Production Rate 178+2K In tower

Reflux Rate

-

2
: 3 g

Off gas Xe:
330+100 x 10-° Kr
(WEERETe)

Original Xe:

Operation: 2 atm(abs.)
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http://arxiv.org/abs/0809.4413v2
http://arxiv.org/abs/0809.4413v2

Tuned Parameter and Final Design for Distillation Tower

Initial Kr in Xe = 60 ppm

Product [kg/hr] | Boiler[W] [Krin Xe |Reduction
0.6 22 6.5ppb 10000 original design
0.6 5.6 3.1ppm |20
1.2 22 3.0ppm |20
1.2 44 < 3ppb > 50000

1Y 66 < 3ppb > 50000 improved design
. DeS|gn of Reductlon for Kr in Xe is 1/100000.
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Recirculation in Liquid Phase
HE): ¥t/ ohoDKa. SEVBREZRAEDRIRIZCE > TEIERTITD,
100kg VAR IA T H SR IC KA TEIIRARET

X100 faster than gas phase
(MEG succeeded for water)

mERE | OVC
| Out

In

Refrigeratobr

I ez |
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Filter

Molecular sieves|Z kYK D%, BERIZEYRNZFFRET 5,

- KA BRER. RIDD
FVFRICKRY BRI TERAE

S m BiRE =1pa
445ppb 3ppb 10ppb

MAZFVBMHEXEHEO KRR

: CarboAct (Borexino,GERDACTR{EH

. & %Radon emanationh > WD & {EF)
, Radon emanation : 0.3+/-0.1mBq/kg

EIRZFCOEHCREIR. BR:FmCEEER O)TJEL'ﬂl BDILT=, 2L/ minD iR = ZZE R (B 12 > 1L/min)
KOBREICEDFTE/VHEDIEMETER

RZ=IZDL 3 7 o
Radon (£ E (DWW TIXIRE AT E 122kev (57CO)
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Summary

> on going e Facility
v/ finished v Experimental Hall
> Water Tank -> (2009. Feb)

> Water Recirculation -> (2009. Aug)
e Background

e |[nternal
> 85Kr in LXe ->(2009 May)
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