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Strategy of the XMASS project #
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~1 ton detector

Prototype detector (FV 100kg) ~I:2\(/) i%rt] detector
(FV 3kg) Dark matter search ¢ o)
Solar neutrinos
Confirmation of feasibilities ow BG at ~ keV

Dark matter search
of the ~1ton detector

Double beta decay option

Low BG at ~ MeV




Current target sensitivity of Ov[3(3
Inverted hierarchy

136Xe (N.A. 8.9%) is one of double beta nucleus.
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The results of neutrino oscillation
experiments suggest that the |
effective mass of neutrino is above 10t
10meV if hierarchy is inverted.

Predicted half life with this
effective mass ~ 1027-10%8year
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Large scintillation yield reduces
2V[3[3 background

Ultimate energy resolution is 0.6% @Q=2.5MeV since we
have large scintillation yield (~42000photons/MeV).
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| Self shielding effect of lig. Xe
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Low energy: attenuation for
gamma rays are very large
=» realize low background

High energy: gamma rays
penetrate liquid xenon easily
=>» not enough for OV exp.

y rays from PMTSs,
rocks, etc. need to

be shielded by
other material

Need a different design



One solution for reducing BG

Wave length n very low BG vessel
shifter

\

Aéxrylic _
MIrror

Acrylic
— vessel

wght
Y
Pure water

136Xe

Room temperature,
high pressure liquid Xe.



Optics of the dliptic water tank

ELliptic water Tank (ELT) detector has
an interesting optical property.

More than 90% of emitted photons can
be collected to a single PMT.

1-(1-cos(28 deg.))/2 ~ 0.94

Low BG, efficient light
collection, and low cost
detector !!!




Detector design and things to be solved

Detector design to reach inverted hierarchy

A

Water shield and ELT reduce
RMTs gamma rays from rocks and PMTSs.

e Background from vessel and WLS

* Internal background

o Attenuation of scintillation lights
Inside liquid xenon

 Dissolving contamination from

13m Water | | vessel

< >

13m

We studied this method as one of our future plans.



Wave length

R& D to achieve shifter
good energy resolution Acrylic
vessel

Measure photon yield of liquid Xe at room
temperature.
Small cell for liguid xenon at room temperature

Develop high efficiency wavelength shifter

TPB doped polystyrene
Study ELT for collecting photon efficiently

MC simulation and prototype



1. Measurement of light yield at
room temperature.

We produced liquid Xe at 1degree, 5.5MPa

Piping for producing high pressure liquid Xe




Attached
PMT




Measurement of light yield at room

temperature.

Cell /0mm Outline
< >
ldegree,5.5MPa

@ Cool down liquid Xe tempg

measured temperature dep

MgF, -100degree,4.5MPa

window
light guide

Reduce liguid Xe pressurg

57
Co -100degree,0.18MPa

122keV vy

7.4kBg Well known scintillation yield



Measurement of light yield at room
temperature and high pressure .

We measured and compared light yield of liquid Xe
at 1degree and at -100degree.

Reduce Xe and make |IC|UId Xe
-100degree 0. 18I\/IPa
Z o Y




Temperature dependence
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Temperature dependence (@~ 5MPa)
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Pressure dependence (@-100°C)
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Results for scintillation yield

Large light yield even at room temperature.
pressure dependence

0.18MPa.
4.5MPa

temperature dependece

— 0.98%x0.02=x£0.04

Room temp.
-100degree

— 0.84=%0.02=%0.06



2. Wavelength shifter

0.5% TPB doped PS, 100pm

We have developed TPB doped polystyrene (PS)
as WLS. High wavelength shift efficiency was
measured by D.N.Mckinsey et.al. only for 75nm
and 48nm (NIMB 132 (1997) 351-358)

We developed TPB doped in PS 0.5~4% and
measured conversion efficiency for  175nm.



Wavelength shifter

Xe Excimer lamp

165~179nm
Beam
splitter
—=1N

Monitor
RS @ PMT

—

PMT




Result of conversion efficiency
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TPB 4% more than 50%

efficiency for ~ 175nm .
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3. Prototype EL T

250

250

polished
stainless

300

| steel  Test photon collection efficiency.
200mm Start to measure photon

v light source collection efficiency.

(136Xe)



Simulation of prototype ELT

— Aurrival position of photons on this plane

[Y-z] Photon distribution
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Generate photon at the light
source (on @4mm sphere ).

Water and LXe absorption and
scattering. Reflection 80%

Photon collection efficiency
53% with a 8inch PMT is
expected .



Current summary of R&D

The photon yield of liquid Xe at room
temperature is large.

We developed TPB wave length shifter with

an efficiency of 50%.

Prototype ELT Is being constructed.
Assuming ~ 50% of ELT photon collection efficiency
Expected number of photoelectron at Ov[33

35photon/keV X 2.5MeV X 0.5(wavelength shifter eff.) X 0.5(ELT photo
collection eff.) x 0.25(PMT Q.E.) = 5400photoelectron

Energy resolution due to photon statistics is 1.4% .

Meet our requirement.



800kg detector for Dark

_ Matter search

Budget funded this year.

We are starting detail design of the detector.
Detector structure
Purification system
Cooling system
Electronics and etc.....

— = Excavation for the detector site at Kamioka mine
will start soon.

Plan to finish the construction in two years and start
measurement from 20009.



Structure of 800kg detector

liquid Xe 800kg (FV 100kg)
Total 812 PMTs

Photo coverage 67%
Diameter of LXe: 80cm
Diameter of FV: 40cm
PMTs immersed in LXe

80cm LXe
(40cm FV)



BG estimation

PMT gamma background
Reduced by self shielding
External gamma
Reduced by water shield
Neutron
Reduced by water shield
Internal gamma/beta
Reduced by distillation

Detall simulation predicts
<104 counts/day/kg/keV




Sensitivity of 800kg detector
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Summary

R&D for double beta decay has been performed.

Observed Light yield (35photon/keV) of liquid Xe at
room temperature. We developed TPB
wavelength shifter (50% conversion efficiency) and

made prototype ELT.

We are going to start construction of 800kg
detector for dark matter search which has
sensitivity of 104> cm? .
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Distillation to reduce Kr (1/1000 by 1 pass)

Boiling
Very effective to reduce internal impurities point
(8°Kr, etc.) B (@1 atm)
We have processed our Xe before the Xe 165K
measurement. Kr 120K
Original Xe:
~3 ppb Kr Off gas Xe:

—

13 stage of

Higher
temp.

3304100 ppb Kr

(measured)

@ Operation: 2 atm
B Processing speed: 0.6 kg / hour
" Design factor: 1/1000 Kr / 1 pass

Purified Xe:

< 5 ppt Kr
(measured after

Kr-enrichment)




Summary of BG measurement

,\Iow (prototype detector) Goall(800kg detector)
® yray BG ~ 102 cpd/kg/keV M’m"‘ cpd/kg/keV

— |ncrease volume for self shielding
— Decrease radioactive impurities in PMTs (~1/10)

® 238U =(33%7)x10*%qg/g 1/33 1x 1014 g/g
— Remove by filter —

® 232Th<23x10-1%g/g (90% C.L.) 2 %1014 g/g
— Remove by filter (Only upper limit) ﬂ;

® Kr=33%x1.1ppt 1 ppt
— Achieve by 2 purification pass 1/3 |

Very near to the target level!




Acrylic vessel as high pressure vessel

120mm length = ~ .
valve
water — :C /L | O
5()9rg.m—dia., 50mm length | | Gt
~98cc
Test vessel held 80 atm water!!

Need to test using high pressure liquid Xe
(dissolution material)



PMT

edepo

Counts /sec Entries 464
10%m Mean 10.88
TPB RMS 552

Black DATA
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low temp. high pressure

> Cell tp.is -100deg,but cylinder
temp. is about 10deg. So liquid Xe
|s hlgh pressure at - 100deg

small cylmder don t
attach coolmg plate
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= Kamioka underground Iaboratory
(¥ Depth = 1000 m (2700 m.w.e.) -

Y yray flux =0.71 cm= s

% u flux ~ 107 cm2 s *1 |
— 10-° reduction of the ground flux L

v heutron flux
Diberns —=083X105cm=s? (E<0.56eV)
D onthermal = 1.2% 108 cm2s! (E>0.5eV)
\ — ~10-3 reduction of the ground flux

— Good place for dark matter search (and v observation)

1 SuperKamiokade Collaboration ¥\ A SS



New excavation will be made in kamioka mine.

X Tentative design

/

& 20m

»
|

8m Neutron/ y are reduced

>250cm water shield

-fast neutron : 1/10000 for 2m shield
-<500keV 7 :1/10 for 50cm shield

Om

[ Water shield tank

™

Experiment area
excavation

800kg chamber
Other similar scale experiment such as DBD will be ho  used.



» Estimation of gamma background from PMT

One of the main BG source
Reconstruction of event position is crucial.

Activity of PMT
PMT used in 100kg detector
238 chain 1.8x10 -2 Bg/PMT
232Th chain 6.9x10 -3 Bg/PMT
0Co 5.5x10-3 Bg/PMT
40K 1.4x10-1 Bg/PMT

— PMT to be used in 800kg detector

238U chain 1.8x10 = Bg/PMT
232Th chain 6.9x10 -+ Bg/PMT
60Co 5.5x10-3 Bg/PMT
AOK  1.4x10-2 Bqg/PMT
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208T| ~ Vessal BG estimation

10°

10*

10°

10°

10

1o 500 1000 1500 2000 2500 3000 3500 4000 450

energyi%ev

photon in LXe

ed

epo
Entries 1000001

739.5
1013

Inner 86cm outer 106cm
Sphere acrylic vessel

10% %X 0.05=0.5%

edepo

10° =

10° |

10° =

+20

Mean

Entries

1000001

2559

1243 09+05=14%

S

""|-|-|.|-‘I-|JJ1

NN TR FPEEEE EEE PN TS FE TS RN
2200 2250 2300 2350 2400 2450 2500 25

0.9%

energy

10%

50 '2'61 2650 27

1.9%x10" decay/5yr X1.4%= 2.7 X 10" event

-16

keV



Design and requirements for ~20meV

Detector design to achieve ~20meV sensitivity

@® lton enriched 136Xe:
¢ 90cm acrylic vessel

A

@ Outer cylindrical water tank:
¢@l3m, height 13m.

@ Distance btw 136Xe and PMTs:
4m.

@ Vessel: U, Th 10 —15¢g/g.




