
Soryushiron Kenkyu

NII-Electronic Library Service

SoryushironKenkyu

r16th YKIS  Conference, Progress in Particle I'hysics 20081 -C45-

                 XMASS  Experiment

Masaki  Yainashiia @Kamioka  Observatory, IC･RR, Universit･y. of  [IIbkyo

              E-mai,h yamashitaQicrr,u-tokyo,ac,jp

                                Abstract

   The fina! goal of XMASS  experimetit  alrris  at  t･he direct dark matter,  the  solar  neutrilles

frorr] pp arid 
7Be

 and  neutrino  Less double  beta  decay wit･h  ton scale  fiducial vo!ume  of  ]iquid
xeiioi'i  deteetor, In the current  stage,  we  focus on  the the direct detection of  dark matter

in the  form of  "IMPs  CVLTeakly Interacting Massive ParLicles) via their elastic  sca,ttering  off'

Xenon  nuclei  with  80e kg dezector at  Kamioka  in Japan. XMASS  800 kg  deteet･or wili  achieve

a  sensitivity  more  than  two  order  of  magnitude  beyond currcnt  limits of  NVI]t(I'-n'ucleus eross

section  to reax/:h  10-45 cTn2  for the spin  independent  case,  The  status  of  experirnent  w･111 be
review  arid  diseussed he:e,

1 Introduction

XMASS  is a  multi-purpose  of  ultra  purc,. Iiquid xenon  detector for thc  underground  physics. Its

t,argets are  dark matter  search,  low energy  solar  neutrinos  and  neutrinoless  double beta  decay

with  ton  scale  fiducial voluine  [1]. The  pre,iect was  funded  for the  800 kg detector mainly  for

the  dark  matt･er  sea]"ch  prior to  the  final stage,  Based  on  the  results  and  experiences  which

"Till  be obtained  by this 8eO kg detector, the final det,ector will  be employed  for the study  of

low energy  solar  neut･rinos  and  the further iiwest･igation of  dark mattcr.  WI]LcT.Ps populating
the  halo of  our  galaxy cari  be detected directly via  theiy interactions with  nnclei  in terrest,rial

det･ectors, XMASS  is a  dark matt･er  det･ector, with  the aim  of  observimg  tbe  small  ellergy  CfiwlO
keV)  released  a[Eter  a  XNJIMP  scatt･ers  off a  Xe  nucleus.  Liquid xellon  has a large scintillation

photon  yield of  42,OOe photonslMeV,  urhich  is as .ffood  as  Nal(Tl) scintillator.  This enables  us

t･o a,chieve  t･he detection of  small  eiiergy  sismais  like dark ma,tt,er  reeoil.  The  Key  idea of  the

background reduction  in X]vtASS  is seliLshielding,  to use  detector liquid xenon  itsclf as  shield

to reduce  gamma  ray  background. Due  to its high atomic  number  (Z==54) and  higii density

Qf  liquid xenon  ( 3g/cm3),  t,he compact  detect･or with  ralat,ively  smal1  size  can  be construct･ed.

Using the  out･er  region  of  liquid xenon  as  shield  for gamma  rays,  extreme]y  low background

environment  ¢ an  be achieved  in the  det･ecior cent･er  region  fbr t,hc purpose  of  detecting rare

events  froin "ilpt･IPs or  neutrinos.

2 XMASS  800  kg Detector

[I]he XMASS  80e kg detector wjll  be iustalled in the new  experimental  hall at  Kamioka,  in Japan,
[Irhis experimental  ha,Il, 15 m  wide  and  21m  deep  and  15m  height, was  coinpleted  in Flebruary,

2008. Fig,1 shows  and  the insta]Iatjon of  the water  tank, ¢  1O m  × 1Om, which  was  {;ompleted  in

),Iarch, 2009. T'he spherical  liquid xenon  detector will  be installed in the  water  tank  in fall, 2009.

The  detector employs  a  siiigle  phase technology and  ebserves  enly  scintillation  lights emittecl  by
the  interaction of  dark  matter.  The  total amount  of  liquicl xenon  for active  volume  is about  800
k.ff. [I]he 642 hexagonal  photomu]t･iplier  tubes  (P),{Ts), RI0789  Hamamat,su,  will  be mounted

in an  approximate]y  spherical  shape  with  an  average  radius  of  40 cm  of  xenon  as  shown  in Fig.

I. PMTs  photo-cathode  
.cr]'ve

 about  649ZE/ covera.cre  of  the  inner surface  oi' the  detector. The

actua]  shape  of  the  structure  holding I'rt,ITs is called  Pent･akis-dodec.'iliedron which  cc)nsists  of

I2 pentagonal pyramids  and  each  pyramid  is made  by 5 t･riangles.
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Figure 1: The  water  taiik  will  be used  for the radiation  sliield (Left). The  size  ef  the t･ank is iplO
rr]m  x10  ]n, the  detector will  bc installed in the center  of  it and  20 inch  PMFi's in the water  wiil

be used  for the  aclive  veto  for the  cosmic  ragv. events.  800 kg of  liquid xenen  will  bc surrou]]ded

by, 642  ultra,  low radioact,ive  PM'r's, (Right) 
'lhhe

 doiible wall  detector vessel  is about  l.2 m  in

inner diarnet･er t･o hold liquid xenon  with  t･he. vaclluin  insulation. 
[I"he

 average  radius  ol'  liquid
xenon  is about,  40 cm.

3 Background  and  Sensitivit-y
'1'he

 key technology to reduce  the radioac]tive  backgrourid al, lew energy,  for Xrx･{ASS experiment

is to use  
"selrshiel(]';

 as  mentioned  above.  The  clean  core  of  liquid xenon  volume  will  be uscd

as  sensitive  volume  by. eliminating  the  voliime  near  the wall  whicl'i ls suffered  from the  garnma
rays  backgreund from the outside.  The  main  c:omponent  of  ra,dioa(;t･ive  background  is expected

te corne  froin t･he PMTs.  
'Iihe

 activity  levei of  PMT  is desi.ffned to  be 1/10 of  R8778, giving 1.8
mBqlPMT  for uranium-chain.  O.69 mBqlPMT  for t･horium-chain,  14 mBq/PMT  fbr 40K,  and

5.5 mBq!'PMT  for 60Co.  
'/Fhe

 Monte  Carlo simulation  was  pcrformed  Lo estimate  the  background

frorn P)v･ITs and  its rate  is about  O.1 countlCtay/kglkeV  in the active  volume  and  less than  1e-4

countldayf'kg/keV  will  be achieved  by 20 cm  fiducjal volurne  cut  from the PMT  windows.

   Requirements for t,he interna] backgroiJiid are  
238U

 <  10-i4gf'g, 232'l'h
 <  2 × 10-]4s,,/g and

85Kr
 <  1 ppt, in liquid xenoll.  T'heir contribution  te  the  background  is negligible  compared

with  that, from  PMTs.  
2:i8U

 and  
232Th

 daughters in liquici xenon  are  measured  using  the  Bi-
Po  coincidence  method  by t,he prot/ot･ype det,ect,or. Assurniiig radioaetive  equilibriurri,  

238U
 is

(9± 6)lerri4g!g and  
Z32Th

 is less tham  23 × le-i4.fi;/g. As for 85Kr,
 3,3± 1.1 ppt  was  achieved

b}r a  dlsti].Ial ion tower purification  system  which  was  developed by XMASS,  /1'hese radioactive

collt/aminat-ions  are  near  the  .ffoal  of  requirements,  within  factor 10. '[[ihe
 puriil'cation sy. stem  for

the  800  kg detect･or wil]  be installed for removing  radon  by the  filter which  is under  studying,

The  distil]ation tower  for Kr  was  built to achieve  <  lppt  with  about  4m  lengt･h of  the  t･ower

column.  It is estimated  to perform  in one  week  Lo puritLy･ 100e  k.ff. xenon  by this tower.

   XNJ'ith 10-4  couiitlday!kg/keV  background  level, the  sensitivit･y  of  "JI)･{P-nucieon cross  sec-

tion  for the  spin  independcnt  case  will  be ]O-4i' cm2  at  100  GeVlc2  "･'I)･tP mass(Fig.2).  T. his

sensitivit.v  is two  order  of  magnitude  lowei' than  the  currei]t  b¢ st  limit by CDMSII  and  XE'NON10

as  showii  in Fig. 2.
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Figure 2: Spin-indepcndent "rlMP-iiucleon cross-sectioii  upper  Iimits (90% C.L.) versus  XVTMP
mass.  Curves are  shown  for the  previous best published liinit [21(blue) and  [31(.[r,reen), X}L{ASS

80e kg wii]  be sensitive  down  to 10 
45

 cm2

4 ConclusionandSummary

The  XMASS  800 kg will  be construeted  in fa11, 2009 aiid  after  the  co]n]Jiissioning  run,  the  data
t,aking will  be started  ]ate 2009. The  goa]  of  XMASS  800 kg is le-45 crn2  "7IMP-itueleon cross
section  for the  spin  illdependent case.
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