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3l^GN'hQ,NkL+if9N'hKOwGO*(ilJ$Eu*A (Dark Matter)
,8_9kv,o+CF*j"=_$&fGEu*Ar!P9k?aNB3,TolF$

k#WIMPs(Weakly Interative Massive Partiles)O=_Gb-OJ Dark MatterNu
dG"k#=NWIMPsNudN 1D,Ke<Hij<NHFPlk3RG"k#Ke<
Hij<NO8`}@NH%G"k SUSY(6PN-}@)+i3+lk3RG"j"=N
fGGbZ$ LSP(Lightest Supersynmetri Partile),udH7F-Ok5lF$k#XMASSB3O@,[3bNO< 1000mK*$FTolF$k"!Pot,KUN-;
Ns (Xe)rs 1tonQ$?KcPC/0i&sID-<GNEu*A>\5wB3G"k#
TN5lF$k XeKO"yLN/jWHs (Kr),^^lF*j"|M-Tc*G"k85Krb^^lF$k#85KrxuKhj/-kBxuN(Mk.<OEu*A,!Pof

GnH9(Mk.<SHEJk?a"Eu*A5wNW?*JPC/0i&sIHJk#

=3G"XMASSB3GO XefN Kr;Yr 1ppt(10�12mol Kr/mol Xe)J<Kc:5
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rb6Y,9/m^H0iUuVG,j9kH"310ppbxYG"C?#+/7?Krx1
uVK 5eJeNKr;Yc:=Or>j9kH":=eN-;NsKO 3pptJ<N;Y
N Kr,^^lF$kv,|T5lk#7+7"3N:=-;NsfN6c;Y KrO0
R7?b6Y,9/m^H0iUuVN!P6YJ<G"k?a5NKjL9k3H,G

-F$J$#

l}"Xer:=9k]KhjP5lk*U,9fNb;Y Krr,9/m^H0iU
uVG,j9kH 29ppmG"C?"=3+iV\*K:=XefNKr;Yr>A9kH(23�32)ppbH+Qbil?#XMASSB3GO!PobtN 642 \N PMTKhj*(il? Xe /wv]NHA
r FlashADC(Je"FADC)Khjh@7F$k#l}"85KrO 0.43%NdgG>:|1.015L sG 173keVNBxuN"H 514keVNC~r|P9k#3N"37?v]NHA
rFADCrQ$F*(kvG 85KrNxuv]r1j7"=NQY+iLNdjrTJ&#
\@8GOB]KXMASSB3!PoN FADCG 2011/N 2n+i 3nH 8n+i 9n
KHil?G<?r"HArO9kvKhCF!PobtNUN-;NsfN 85KrNL
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h1O xO

1.1 Dark Matter
3l^GN'hQ,Khj@i+K5l?Eu*A (Dark Matter)NZrO?tKZ

V#c(PEOKhkuVND_Khjz-/35lkEOls:zL [1℄(^ 1.12H)d"Wilkinson Mirowave Anisotropy Probe(WMAP)R1N'hXJ^$/mHQ,,"k#WMAPNkLKhkH"3NEu*AO'hNALNs 23%rjaF$kH5l"=N
5Nrr-@+9?aKEu*A5wNUAO^9^9b^CF$kH@(k#7+7"

$@Eu*AO>\!P5lkKOjCF*i:"=N\YJ-AOT@G"k#

^ 1.1: EOls:zLrHCF,j7?Eu*AN 3D,[:e?}~#4,VB"e?
}~D4,V^"t>}~Ok~}~r=7"<KT/[Is}KJk#[1℄
Eu*AN8_,(65lOa?P^O 1933/N F.ZwikyKLk#`O+_N1dO

DNV}P\KhkQ,+iI+(k*AI@1GOdOD,?UuVK"kNOq7/"

EOr68k,I\K+(J$*AIN,W-r(7?#3NI\K+(J$*AI,E

u*AHFPlk#1960/eKOEHQ,Khj"dONs>.YNQ,,Tol?#^ 1.2KNGC6503
2,dONs>J~r(9#dONs>.YO"dOf4+iNw% r".Y v(r)"rb
K^^lkALM(r)H9kH1Wi<N!'+iv2(r) = GM(r)r (1.1)1



Haakv,Phk#GOEOjtG"k#^? r"vrQ,+iaakvG0 1.1+
i>B rbNALM(r)rdj9kv,G-k#\K+(k*AOdONf4+i*h=
>B 5kpJbK8f7F$k#3NlgdONs>.YO>B r,}C9kK>CF:
/9kO:G"k#7+7"^ 1.2Nh&K"s>J~O r,g-/JCFbljNMr
}CF$k#3Nh&Js>J~rA/KO"H\K+(J$*A ID^j"Eu*A,

8_9k,W,"k#

^ 1.2: 2,dO NGC6503Ns>J~:,j@NWmCHOdONf4+iNw% rNX
tH7F,j5l?Qs>.Y#K~OQ,5l? disk,"@~OQ,5l? gasKhks
?"@K~OQ,H"&?aK,WKJk dark haloG"k#[2℄
1.2 Eu*AN)Y

WLFs=k g� �"jCAFs=k R� �"jCA9+i< R"(Mk.<?0LFs=
k T� � rQ$F Einstein}x0r(9HR�� � 12Rg�� � �g�� = 8�G4 T�� (1.2)
HJk#�O'h`"GO|-zOjtG"k#Einstein}x0O"8U,uVr=7"
&U,*AN6kq$r=9#^?"y}*G"k3H+i 3!5NeLKB8rQ$"3!5uVN~GK~VrC( 4!5~uN~Gr(9Hds02 = 2dt2 � � dr21�Kr2 + r2 �d�2 + sin2 �2�� (1.3)
HJk#3lOlMy}D%'hGN~urhj9k~GG"k#3NWLrQ$F Ein-stein}x0 (1.2)rr/HTsNPQ.,,W;G- (0,0).,+i Friedmann}x02



(1.4),3+lk# � _aa�2 = 8�G3 �� K2a2 + �23 (1.4)
D.KOCVkjt (1.5)r!Nh&KjA9k#H � _aa (1.5)

OCVkjtrQ$F Friedmann}x0rq->7"5iK'h`r(Mk.<)YK
^^;"'h4NN(Mk.<)Yr �totH9kHH2 + K2a2 = �tot 8�G3 (1.6)
HJk#3N0 (1.6)GJ(K = 0NH-N(Mk.<)YO� = 3H28�G (1.7)
HJk#�OW&)YHFPl"'h,?3G"kH-N(Mk.<)Yr(9*A"'
h`N(Mk.<)Yr3N �G,J=7?bNr)YQia<?H$$
i � �i� (1.8)
HjA9k#iKO*ANM"'h`N �,~k#
0 (1.9)hjlLK'hN4)YQia<?NgWr 
H9kH
 =Xi 
i = 
M +
� (1.9)

,jA5lk#33G"
M O'hN*A)Y"
�O'hN(Mk.<)YG"k#1.3 Cosmi Mirowave Bakground
'hN4)YQia<? 
O'hXJ|M (Cosmi Mirowave Bakground)yNQ,

Khj+Qbk3H,G-k#CMBOBig bangaxG|P5l? photonN>DG"j"
'h4NK[\lMK,[7F$k,i|'hG/87?'huVNAL)YNIi.K

hkc3N[}-,"k#1992/K COBER1,iaF CMBNc3N[}-rN'7?#=NeQ,;QNJ
bKhj"hjb:YNQ,,D=KJC?#WMAPO=Ne=cG"WMAPNkL(^ 1.32H)[3℄Khj 
� = 0:734 � 0:029 (1.10)
M = 0:266 � 0:029 (1.11)
HJj#*A)YO5iK,1il
M = 
b +
CDM (1.12)3



HJk#
bOPj*s)YG"
CDM OCold Dark MatterN)YG"k#3N 2DNM
bWMAPNkL+i 
b = 0:0449 � 0:0028 (1.13)
CDM = 0:222 � 0:026 (1.14)
HJk3H,o+CF$k#3NQ,kL+i'hK8_9k*ANgt,,Eu*AG

"k3H,o+C?#

^ 1.3: WMAPKhk'hXJ|M47^CW:Ft,N'O=N@GN9Yr=7"V
&K$/[I9Y,b$#QY,r=O 0.3Y"9Y,jN:YO 20LK#[3℄,[4℄
1.4 Loal density of Dark Matter
Eu*AN8_O(65lF$k#Eu*AN)YOOeeGEu*Ar>\!P9k

]N!PQYKX87F$k?a"=NLr+QbkvOEu*A>\5wB3KHCF

EWG"k#=N?aKO@[ObGNIj*JEu*A)Y �CDM HEu*AN.Y,
[ vCDM rNk,W,"k
dONs>J~NQ,O@[ObGNIj*JEu*A)Y �CDM HEu*AN.Y,

[ vCDM rNk?aKEWG"k#7+7"f9NdONs>J~O NGC6503dONh
&JdOO01@[I5NKO,j9kv,G-J$#=3Gf9NdOrLoN2,d

O@H>j9kHf9NdONs>J~O^ 1.4Nh&KJk#
lMJ haloGO"Eu*AN)Y,[rJ<Nh&K>j9k3HGs>J~NAu

rb@G-k# �CDM (r) = �01 + r2r20 (1.15)
33G �CDMA0.3GeV/m3 H+Qbilk#
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^ 1.4: f9NdONs>J~:ICHO bulge"uIjN]O disk"/m9O HIX"rI
jN]OH2X"@C7eO dark halo"B~OgWNs?r=9#[5℄1.5 Eu*Aud

Eu*ANudO Baryoni"Non baryoniJbNK,`G-k#1.5.1 Baryoni Dark MatterBaryoni Dark MatterudKOr'd1"f-R1"ViC/[<kJI,"k#3l
irmN7FMACHOs(MAssive Compat Halo Objets)HFV#MACHO,Q,9k
1Nk~erLa9kH"11Nw,EOls:zLKhCF}w9k#3lrEO^$

/mls:zLHFV#=NzLrQ,9kB3,MACHO[6,7℄"OGLE[8℄"EROS[9℄"MOA[10℄GTol?#MACHOWm8'/HGO LMC(Large Magellani Cloud)N 8.5
/DN11NwNJ~rQ,7"12DNud,+D+C?Hg%7?#3NudtO|
T5lkPC/0i&sIJeGO"k,"dON@</Om<NBA*Jt,rA.

9kbNHOM(ilF$J$#0:5M� NALr}DHd@5l"3li*AOOm<
NALN 20%J<HJCF$k#7?,CF"MACHONQ,kLO Baryoni matter
O Dark MatterNltGO"k,gWJWGKOJiJ$3Hr=7F$k#EOGLE"EROS"MOAN 30k<WOMACHO0k<WH18NhGMACHOs/+KOji:"MACHO0k<WNkLH7b7F$k#1.5.2 Non baryoni Dark MatterNon Baryoni Dark MatterO HotH ColdN 2DK,`9k3H,G-k#'hi|
KjP@*J?0(Mk.<r}CF$?bNr.$ Hot Dark MatterH"sjP@*J5



?0(Mk.=r}CF$? Cold Dark MatterK,1k3H,G-k#1.5.3 Hot Dark MatterudNeutrinosNeutrino(Ke<HjN)Oa/^GODark MatterNGgudG"C?#Ke<HjN
O"G3RN8`}@K*$FlWHsNlDKLVE1ilF$kG3RG"k#ER

? (�e)"_e<? (��)"?&? (�� )N 3DK,1ilF*j"=l>lK?3R,8_9
k#Ke<HjNO@["671z/"b(Mk.<'h~Hg$Nj_nQNfG3R

Nxudj_nQK*1k8.*H7FgLK8.5lk#Super Kamiokande(J< SK)
Ng$Ke<HjNQ, [11℄d"@[Ke<HjNQ, [12℄+iAL,"k3H,Z@5
l"3liNKe<HjN60rOkL+i[Jk?NKe<HjNNAL9N 2h�m2
O

A7� 10�5eV 2 < �m2 <A3� 10�3eV 2 (1.16)
b7"Ke<HjNNAL, 1A50eVNOObG"kJiP"Dark MatterNg-JW
GKJk#m� �20eVG"kJi"Dark MatterN[HsI,Ke<HjNG"k#7+
7"tritium deay+iNALN limitO"m� �2.8eVG"k#hCF"Ke<HjNNW
&)YXNs?O 0:001 � 
� � 0:18 (1.17)
HJk#3lhj"Ke<HjNbDark MatterNltGO"k,gWJWGHOJiJ
$H@(k#Cold Dark MatterudAxionsAxions("/7*s)OG3R*}XN CPPN-NKlrrh9k?aK3~5l?3
RG"k#"/7*sb^? Dark MatterNudH7FD@5lF-?#"/7*sOA
L, 10�6eVA10�2eVNOOG"lP Dark MatterNudHJj@k#WIMPsWIMPs(Weakly Interative Massive Partiles)O=_Gb-OJ Dark MatterNud
G"k#=NWIMPsNudN1D,Ke<Hij<NHFPlk3RG"k#Ke<H
ij<NO8`}@NH%G"k SUSY(6PN-}@)+i3+lk3RG"j"=Nf
GGbZ$ LSP(Lightest Supersynmetri Partile),udH7F-Ok5lF$k#
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h2O XMASSB3
XMASSB3OcPC/0i&sINUN Xe7sAl<?<rQ$?B3G=N=[

O 2000/K[/5l? [13℄#XMASSB3N*}*J TargetsOEu*AN>\5w"c
(Mk.<@[Ke<HjNNQ,KhkKe<HjN60Qia<?N:),j"0���
xuN>:|,jKhk"Ke<HjNNdPALNhjG"k#=_O3NfGbDarkMatterN>\5wK~1FB3,TolF$k#}@+iWIMP?NDark MatterOU
N XefG6RK?7r/37F7sAl<7gswr/89kHM(ilF$k#f9
O3N70Jkr*(kvKhj=N!Pr\X7F$k#

f9O^: 1st phaseH7F 100kgN XerQ$?nnoGNv]F=.:Y"+JW
CzL"PC/0i&sIyN&f+/r*(?e"2007/+i 2nd phaseH7F 1ton
NXerQ$?!PoNz_,Tol?#3l+ib@9kh&K"3N 1ton Xe!Po
O$&fN>NEu*A>\5wB3KfYFPC/0i&sIrs 2exYnH;k3
H,|T5lk (^ 2.1)#2.1 XeKD$F2.1.1 XeN*}-AXMASSB3GEu*A5wN?<2CH*AH7FQ$ilk XeNgJ-AO= 2.1
NLjG"k#UNXeO)Y, 2.96g/m3 G"k?a"800kg(XMASS!Pob-zN
Qt)Gb>B 80mNeK~j"3sQ/HJB3uVKJk#^?"XeO|M9,28.7mmH;/"C~OUN XebtK~kH^.K:j9k#7?,CF-zNQtN
v]r*r9k3HGWIMPs5wNPC/0i&sIrc:5;k3H,G-k#UNXe7sAl<7gsGO6RK?7HER?7GO7sAl<7gswN~jt,[J
k [15℄hCF/wN~jtKhCF6RK?7 (A~"f-R"WIMP)HER?7 (B~"
C~)rhL9kvKhjER?7KhkPC/0i&sIrnH93H,G-k#
^ 2.2OXeNj^r=7F$k#3lr+Fo+kLjUN XeOfS*7$d9$9

YG"j"^?"$NUNVNuVQ=rT$d9/"2C?<JIrQ$F,9uVG

NTc*|n,D=G"k#!PoOLod`!d(^rQ$F 170KUaN9YG*Z
l<H5lk#

^ 2.3OC~N XefGN:j8tr=7F$k#XeO6RVf,g-$?a=N,:
j8tb[+N6RHfYFg-$#

= 2.2O XeN+38_fr=7F$k#XeO9w?N|M-1LNr}CF$J$#
"k4s (Ar)d2k^K&` (Ge)r?<2CHH7FQ$?!PohjbALt,g-
$?a"9TsKM87J$j_nQN?~GLQb3liN*AHfYFg-$#5i7



^ 2.1: 9TsKM87J$F-6p (SI?~)KP9k!P6Y:#4OWIMPNAL"
D4OKRG,J=5l? SI?~GLQ"=l>lN~dNhO{8NB3Khk!P
6YZS}@+iN=,G"V$@~, XMASSB3G\X9!P6YG"k#n^KOdmtoolsrQ$? [14℄#
K"129Xed 131XeO9TsKM89kj_nQKP9k?~GLQOg-$#3Nh&
J}3+i XeOfS*Eu*A5wK~$F$k#2.1.2 Xe7sAl<7gsw
M*s (Ne)d ArJIN>Nu,9H1MK"Xeb@$^<uV+i&e/axrP

k]K7sAl<7gswrP9 [15℄#XeN7sAl<7gsaxO<0Nh&K=5
lk#[Fkg57N/wWm;9℄ Xe�+Xe*Xe�2Xe�2* 2Xe+h�[Fkg-jN/wWm;9℄
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= 2.1: XeN-A
-A M u7

6RVf 54 -
ALt!!!!!!!!!! 131.29 -

(@!!! 165.1K 1atm
;@ 161.4K 1atm
)Y 2.96g/m3 161.5K
|M9 28.7mm UN~

7sAl<7gsw 175nm -
~^( 1.61 wH9 177� 5nm~

~jt (FkgWm;9)!! 45ns B"C6p (ER?7)
~jt (singlet) 4.2ns A,n6p (6RK?7)
~jt (triplet) 22ns A,n6p (6RK?7)

^ 2.2: Xej^:#4O9Y (K)"D4O5O (atm)
9



^ 2.3: C~N Xef:j8t:#4OC~N(Mk.< (MeV)"D4O:j8t (m2/g)Xe++Xe*Xe+2Xe+2 +e�*Xe��+XeXe��*Xe�+heatXe�+Xe*Xe�2Xe�2* 2Xe+h�
^ 2.4OUNXeN7sAl<7gsw/waxr=7F$k#7sAl<7g
saxOFkgaxr^`+I&+G,`5lk#Fkgaxr^`/wWm;9

OXe6RN$*s=+iO^k#^:"$*s=5l?Xe3R,~ON6RK
nQ7"ER-$*sPrD/k#=Ne=NERO thermalize5lk#=N$*
sOIj*K>NXe6RH,R$*s (Xe+2 )rA.9k#=7F=N thermalize
5l?+3ERH=N,R$*sNFkg,/-"XeNe/R (Xe�2),nilk#
G**K=Ne/R,&e/9k]K7sAl<7gswr|P9k#

C(F"=N&e/NaxO singletH tripletHFPlk 2DNaxG=.5l
k#singletaxO spin singlet state(1�+u )Khjz-/35lk#tripletaxOspin triplet state(3�+u )Khjz-/35lk#2.1.3 Xe7sAl<7gsz(
6RK?7KhCFnilkER-$*sPO18(Mk.<NER?7+i@
ilkLhjg-$#7?,CF"6RK?7HER?7GO/89k7sAl<10



= 2.2: XeN1LN+38_f
1LN L (%)124Xe 0.096126Xe 0.090128Xe 1.92129Xe 26.44130Xe 4.08131Xe 21.18132Xe 26.89134Xe 10.44136Xe 8.87

Xe*

+Xe

Xe2
*

Triplet

27ns

Singlet

3ns

2Xe2Xe

175nm175nm

Xe** + Xe

Xe2
+

+e-

(recombination)

Xe+

+Xe

Nuclear/Electron Recoil

Ionisation

Excitation

^ 2.4: XeN7sAl<7gsw/wWm;9
7gswN(Mk.<v?jN8.(,[Jk#

3N2DN?7Khk7sAl<7gswN8.(O relative sintillation eÆieny(Leff )
HFPl"<N0G=5lk#Leff=(6RK?7GNEnergy deposit)/(ER?7GNEnergy deposit)
f9,!Pr\*H7F$kEu*AOXe6RKH6RK?7r/39?a"Leff
r"i+8a,jKhjNCF*/3HOEWG"k#UNXeN Leff O3l^
G?/N>NB3Khj,j5lF$k(^ 2.52H)#Eu*AN$YsHl<H
Oc(Mk.<NhK*$FXtXt*K}C9k (^ 2.62H)#Leff O6RK
?7(Mk.< 5keVnrNH3mGO 0.11"=3+i 50keVnrNH3m/i$^G
O*h= 0.2G"k3H,o+CF$k#33G keVnrHO6RK?7~N(Mk11



.<91<kGN Energyr=9#GaGO 5keVnr J<N(Mk.<KD$FbLeff N,jNhjH_,TolF$k#

^ 2.5: 7sAl<7gsw8.(,jN Global �t:4 Leff ,jB3+iN Fit,B~G
(5lk#^?"Y$B~KhCFO^lkhVO"5keVnr+i 100keVnr ^GNOOG90%.jhVGNm9G"k#[16℄
2.2 XMASSB3uV
B3ljXMASSB3!PoOtl)tMTN@,[3bO< 1000mK_V5lF$k#
= 2.3O@,[3bGN"'h~L3R".f-R"b.f-R"iIs;Y"D
-C~NUiC/9r=7F$k#3liOEu*A5wNPC/0i&sIH

Jk#

= 2.3: @,#bHOeHNiIs (Rn);Y"f-R"C~NUiC/9
lj Oe @,[3b

'h~L [m�2s�1℄[17℄ 1.1_ 10�2 A10�7
.f-R [m�2s�1℄ 1.4_ 10�3[18℄ 8.3_ 10�6[19℄
b.f-R [m�2s�1℄ 1.2_ 10�2[18℄ 1.2_ 10�5[19℄Rn[Bq/m3℄(Summer)[20℄ 40 1200Rn[Bq/m3℄(Winter)[20℄ 40 40
D-C~ (� 500keV)[21℄ 0.71/m2/s

12



^ 2.6: Eu*ANF?<2CH*AHN?~(:#4O?7(Mk.< [keV℄"D4O?
~l<H [ounts/day/kg/keV℄"WIMPNAL 100GeV,WIMPH?<2CH6RKKR
HN?~GLQr 1.0_ 10�43m2r>j7?#
!Pot,

^ 2.7(&)O XMASSB3GQ$k!PoN5,^G"k#!PoOg-/,
1F"5@G< (OFHC)=N IVC(Inner vaume hamber)HOVC(Outer vaumehamber)HFPlk 2t,G=.5lF$k#IVCHOVCNVNuVOG.N?
aK?uK]?lF$k#^ 2.7(8)OXMASSB3GQ$ilF$kPC/0i
&sIc:QNce?s/r=7F$k#ce?s/N>BO 10m"b5O 11m
G"j"f4tKXMASS!Po,_V5lF$k#3Nce?s/O'h~L
3RdD-C~"D-f-Rrc:9k?aNbNG"k#'h~L3R vetoQ
N 72\N 20inh PMT,bt=LKhjU1ilF$k#
^ 2.8(8)OXMASS!PoNB]NL?G"k#IVCbKO 1tonNUNXe,~?5lF*j"btK 642\N 2inh PMTs(630
_R10789-11s and 12_R10789-11MODs),hjU1ilF$k#^ 2.8(&)Nh
&K"3N 642\O OFHC=N5^QAN PMT[k@<r 12DQ$F IVCb
tKGj5lF$k#3N;CH"CWGN 642\N PMTKhkwEo$(O63.4%G"k#^?"HQ9kXeNLr^(k?aKOFHC=N �ller,HQ5
lF$k#IVCbtK*$F"PMTU)H+=<ILreLH7?NhO>B 40mNe
G"jUNXe 800kgKjv9k#3N!PoN-zNQO>B 20mr[j7F13



^ 2.7: (8)PC/0i&sIc:Qce?s/ (&)XMASSB3!Po

^ 2.8: (8)XMASSB3N!Po\N (&)!Po PMT[k@<t,
14



*j3Nt,OUNXe 100kgKjv9k#2.2.1 XMASSB3DAQ79F`
(l-OCH

ce?s/NetKXMASSB3GQ$ilF$kG<?h@QNATM(AnalogTiming Module"eR)HFADCJINER!o,_V5lF$k#3liNER
!or}F7?(l/HmK/9OCHbtKOdQeKhjdd7?u$r[

D5;F*js 20YK]?lF$k#^ 2.9Oce?s/etK_V5l?(l
/HmK/9OCHG"8,ATM&+i+?lg"&O FADC&+i+?lg
NMRG"k#

^ 2.9: (8)ATM&+i+?(l/HmK/9OCHH (&)FADC&+i+?(l/Hm
K/9OCH

wER}\I (PMT)XMASSB3GOXe7sAl<7gswrb$z(G,j9k?aK!PoN
bLKPMTr)K[V7F$k#l}"3liNPMT(2inh,642\),XMASS
B3GNgWJPC/0i&sI;HJCF$k#XMASSB3N\8H9kE
u*A!P6Yr#.9kKO PMT+iNPC/0i&sI,>B 20mN-z
NQbG 10�4dru(di�erential matter rate unit=event/day/kg/keV)J<G"k3
H,,WG"k#=3G"f9OM>U)HK/9H&1GcPC/0i&sIPMT(R10789-11)[22,23℄r+/7?#3NPMTOUNXe9YG5o0n9k3
H"5iKXeNP9?ug0wK6Y,"k3HrroK+/5lF$k#^?"PMTNLRz(Os 30%HJCF$k#= 2.4KXMASSB3QNPMTK^^
lk|M-Tc*N|M=r(9#3liN|M=OlL*JPMTHfS7F"1/10A1/100xYJ<KJCF$k#^?"= 2.5KXMASSB3GQ$ilF$15



kPMTNgJ-=r(9#^ 2.10OXMASS!PoNPMTNL?H=N=$G
"k#

= 2.4: XMASSB3QN PMTK^^lk|M-Tc*N|M=
Tc* U Th K 60Co
M (mBq/PMT) 0:704 � 0:282 1:51 � 0:31 < 5.10 2:92 � 1:61

= 2.5: XMASSB3QN PMT(R10789-11)N-=Gain 107Dark Noise Rate(<9) 200HzDark Noise Rate(-100Co) 20Hz
LRz( (Q.E) A30%

ATMATM(Analog Timing Module)O.fNEYrNk?aNQAC(harge-to-analogonverter)H.f,h??$_s0rNk?aNTAC(time-to-analog onverter),
1DNb8e<kHJC?bNG"+_*+sG 3"ZS9<Q<+_*+sG
B3N?aK+/5l? (^ 2.11)[24℄#ATMO 1\<IG 12AcsMkN PMT
+iN.fr7&v,G-k#XMASSB3GO!Po+i/k 642\N 2 inhPMTHce?s/=LN 20 inh PMT+i/k 72\N.fr 66\<INATM
rQ$FG<?h@9k#

FPMT+iN.fO 4DK,1ilk#=NfN 1DO 10\K}}5l?e"0.2wER (p.e)jvN threshold(400mV)K_j5l?G#9/j_M<?rH*
k#b7 PMT.fNHb, thresholdr6(kH";AH (} 200nsb5 11mV)
,8.5lk#3N 12DN;A.fOgW5l"HITSUM.fH7FPO5lk#
1~K hit.fH7F 900ns}N;AHH 12\NPMT.frgW7?PMTSUM
r8.9k#3N 900nsNVO PMT.f,hFb veto5lk#3N;AHKh
jTACN<E,+O7"globalHj,<,hkH<EO*;9k#PMT+iNLN.fOQACXwil"=3GG#9/j_M<?NPOe400ns
NV"EY,8Q5lk#b7 globalHj,<,PMT.fe 1300nsJbK~e
7J+C?lg"TAC*hSQACNEYONFilk#globalHj,<,~e7
?~O"ADCKhkTAC/QACN3sGs5<K_Q5l?EYNADQ9,+
O5lk#^?"FAcsMkKOQAC/TAC, 2D:D"jr_KZjX(k
3HKhj"GCI?$`r:i93HrD=K7F$k (^ 2.12)#16



^ 2.10: wER}\I (R10789-11)H=N=$ [22,23℄ATM\<IO 1DNTKO BOX[25℄K 20\<I_VG-kNG"3BOX(60\<
I)rQ$F"!Po+i/k642\NPMT.frh@9k#̂ ?"b&1DBOX
rQ$F 6\<INATMr_V7"ce?s/+i/k 72\N PMTN.fr
h@9k#3N.fO=N^^ATMXwilk#= 2.6OXMASSB3GQ$i
lF$kATMN-=r=7F$k#

= 2.6: ATMN-=QAC/TAC,r= 12 bitQAC@$J_C/ls8 0A400 pCTAC@$J_C/ls8 0A1�s
FADCFADC(Flash Analog to Digital Converter)HO"~O5l?"Jm0E5.fr
"3*KG8?k.fKQ99kb8e<kG"k##sQ$?FADCO 500MHz
N5sWjs0l<HG"3*KADQ99k#gKL3RxuERN!Pz(
N~eHb(Mk.<v]NrOr\*K+/5l?#\&fGOATMb8e<
k+iwilF/kPMTSUM.fr~O.fH7F$k#17



^ 2.11: 8Nb8e<k,ATM"&, FADCG"k#ATMO.fNEYH?$_s0"FADC,HApsrh@7FP}Nd0rT&#

^ 2.12: (8)ATM\<IN=$ (&)ATMNG<?h@Um<Ac<H
18



^ 2.13(8)O#sN&fGQ$? FADC[CAEN-V1721℄G"k#= 2.7O=N
gJEMG"k#1gN\<IG 8h,N~Ot,"j",jG-kOOO-0.5
A+0.5"Q9:YO 8bitG"k#^?"FADCO"LoNVME"/;9N>KV
mC/>wN!=b5]<H5lF*j"Gg 18Mbyte/sxYGW;!XNG<
?>w,D=HJCF$k#5iK"FADCGO"GCI?$`r;L9k?a
K"FIFO(FL 8kbyte)r 2D"^?G<?q-~_&I_P7QNPCU!(FL256kbyte)r 2D}?;F$k#FADCbtGNG<?N.lr^ 2.13(&)K(9#~O5l?.fO"_j5
l?gMr6(?bNKD$F ADCKhCF 500MHzN5sWjs0l<HGADQ95lFIFOKq-~^lk#FIFOK 1$YsH,NG<?,q-~^l
kH"=NG<?OG<?3sWlC7gsCPUXHwilk#FADCO FIFO
r 2D}CF$k?a"3NG<?>wfK!N$YsH,~O5l?H7Fb"
b& 1DN FIFOGh}9k3H,G-G<?>wfNGCI?$`r5/93
H,G-k#G<?3sWlC7gsCPUGO"i+8a_j5l?Wj5sW
js0t,NG<?KD$FG<?N5LrT&#=lH&K 16bitN$YsH+
&sHNG<?,UC7F 1$YsHNG<?H7Fl~abjKq-~^lk#LOCAL CPUOl~abjNuVrFk7"G<?rRDB(Readout Data Bu�er)
X>w9k#RDBNFLO=l>l 256kbyteG"l}NG<?q-~_,*o
kH=NRDBOG<?I_P7QHJj"1~KLNRDBOG<?q-~_Q
HJk#7?,CF"W;!+iG<?rI_P7F$kVNGCI?$`r5

/93H,G-k#J*"3NPCU!ZjX(O LOCAL CPUKhCFTol
k,"=NroOJ<N 4D+i*rD=G"j"B]N,jGO$YsHtK
hkPCU!ZjX(rQ$F$k#� =UH&'"KhkRDBZjX(Wa,"C?lg#� XjN$YsHtK#7?lg#� G<?5$:,Xj7?Mr6(?lg#� 0t.fKhkPCU!ZjX(Wa,/87?lg#
^ 2.14OFADCr^a?XMASSB3NDAQUm<^G"k#FPMT12\+
iNHArATMGgW7?HA (PMTSUM)rFADCN 1hGI_~`#= 2.8
OG<?}8~NFADCNgJroG"k#
^?"FADC,$YsHG<?rhkroN_jH7FJ<N 3DNb<I,
"k#� Software trigger� Multi event with onditional trigger19



^ 2.13: (8)FADC[CAEN-V1721℄(&)FADCNbt=$� Multi event with unonditional trigger1)GO0tHj,<.frQ$:K"=UH&'"KhkX(GHj,<r+
1$YsHG<?rhk#=UH&'"KhCF%-J?$_s0GG<?rh

k3H,G-k?a"3Nb<IO*U;CH40N]KQ$ilF$k#2)G
O FADCNUmsHQMk+i~O5lk0t9HCW.fKhCFHj,<r
+1F$k#=7F5iK=UH&'"KhCF_j5l?gMr6(k.f,

"C?lgN_ADQ9r7F$YsHG<?rhk#3N,jb<IHG<?
5LrQ$k3HKhj"N$:HJkG<?rhj|-"G<?5$:r.5

/G-k?a"B]N,jGO3Nb<I,Q$ilF$k#3)O 2)H[\18
G"k,"=UH&'"KhCF_j5l?gMKXoi:"0t.fKhj$

YsHG<?rhkb<IG"k#New FADC2011/N 11nK 642\NPMT4FKP~9k77$FADC[CAEN-V1751℄r
3~7? (^ 2.15(8)2H)#= 2.9O77$ FADC[CAEN-V1751℄NEMG"k#500MHzNbt/mC/b7/0t/mC/rQ$"OutputH7FNADC-CLK
O 1GHz"TRG-CLKO 125MHz"CLK-OUTO 62.5MHzG"k (^ 2.15(&)2H)20



Overview of electronics 

PMT (x642) 
Preamp 

ATM (642ch) FADC  V1721 (60ch) 

PMTSUM 

Trigger/event count 

TRG 
Trigger 

logic 

HITSUM 

PMT signal 

Trigger is generated 

from ATM HITSUM 

^ 2.14: DAQUm<^
= 2.7: FADC[CAEN-V1721℄NEM
5sWjs0l<H 500MHzADC,r= 8 bit
@$J_C/ls8 �0:5V
AcsMkt 8 h

3N77$FADCN3~KhjF h+iNHAr 1D:D-?9kv,G-"v
]Nhj\YJ>A,G-k (^ 2.162H)#2.2.2 XMASSB3!Po7_el<7gs
!PobtG/-kv]r}rG-F$k+rNk?aKO"B]N!PoN

s0rh/F=9k7_el<7gs,,WG"k#=3Gf9OGEANT4rQ
$FXMASSB3!PorF=9k7_el<7gsWm0i`r+/7?#GEANT4O"G3R,*AfG/39#(J6kq$d?~r5NK7_el<
7gs9kg,O=UH&'"G"k [26℄#GEANT4O*}Wm;9d!PoN
8*aHj<"G<?8.d=N]8"kP=yN?/ND<k-CH+i=.

5lF*j"=_b(Mk.<*}Xd'h~"6RK*}XK*$FQKKQ21



^ 2.15: (8)77$ FADC(CAENV1751)H (&)VmC/@$d0i`
Overview of new electronics 

PMT (x642) 
Preamp 

ATM (642ch) FADC  V1721 (60ch) 

PMTSUM 

FADC  V1751 (642ch) 

Trigger/event count 
TRG 

Trigger 

logic 

HITSUM 

PMT signal 

Trigger is generated 

from ATM HITSUM 

NEW 

^ 2.16: 77$ FADC3~eN DAQUm<22



= 2.8: G<?}8~N FADCNgJroFADCft!!!!! 8f15sWkv?jN~V 2ns
G<?h@} 4L s(Hj,<05sWk~V}) 1L s(Hj,<e5sWk~V}) 3L s

= 2.9: FADC[CAEN-V1751℄NEM
5sWjs0l<H 1GHzADC,r= 10 bit
@$J_C/ls8 �1V
AcsMkt 8 h

$ilF$k#GEANT4GB3riBK7_el<H9kvKhj}@,=,9
kv]NkLr"i+8a=[9kv,G-k#7_el<7gsfGO1D 1D
N*WF#+kU)HsrHiC-s0r7F$k#

^ 2.17(8)O+/7?Wm0i`fG7_el<H5l?XMASSB3!Po
G"k#^ 2.17(&)OB]K7_el<7gsWm0i`r0+7F!Pobt
Kf4+i>B 35mNLVG 10keVNC~r/85;?~NMRG"k#

^ 2.17: (8)7_el<7gs~N XMASS!Po8*aHj,(&)10keV NC~r!P
obK/85;?~NMR#

7_el<7gsGO=BrhjF=9kh&KWm0i`fKH_~`Qi

a<?<NAe<Ks0,,WG"k#XMASSB3GO\YJAe<Ks0K
X7FO^@i|J,K"k#Ae<Ks09kY-Qia<?OsoK?/"23



k?a"=uGO<d"k_K&`N?M(JIOlL*K,j5lF$kMJ

Ir_j7"=NeGGbh/BG<?rF=9kXe7sAl<7gswN[}
9&6p9JINQia<?r*r7F$k#c(P\&fGO[}9&6p9

KD$FO"� [}9=600m� 6p9=60m
rQ$F*j"6p9JIOlL*K|T5lkUNXeN=lKfYF9$M
,Q$ilF$k#^ 2.18O[}9Qia<?<, 600;sAa<Hk"6p9
Qia<?<, 60;sAa<HkNH-N-cjVl<7gsBG<?H7_e
l<7gsGNF PMTN nPE,[NlWNMRr=7F$k#[}9 400;s
Aa<HkJe"6p9�10;sHa<HkNQ=O"F=.kLK-UJc$
r?(J$#

 Xe : : 600cm 

         : 60cm  

Calibration data 

MC 
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^ 2.18: -cjVl<7gs~;r!Pof4+i 20;sAa<Hk<K[V7?lg
NF PMTNwL (pe),[:#4O PMTNzB8 [m℄"D4O pe,[NQ;MG"k#z,g-$[I!PoetN PMTr=9#VN@O-cjVl<7gsG<?"PN@
O7_el<7gsG<?G"k#

UNXefrLa7?7sAl<7gswOFPMTNwELK~M7"=Ne
wELG?M"[}")aN$:l+K6j,1ilk#wELOt= nm[I
G"j"=3GN6kq$OvlNwX}@KhCF3~5lF$k [27℄#XeN
7sAl<7gswNH9 175nmK*$FqN*K?M("[}(")a(NW
;rT&H^ 2.19Nh&KJk#^ 2.19GO"[}(O=NewER,|P5l24



F.fH7F-?5lkN( (V)H"5lJ$N( (^<s@)K,1F=(7F
"k#

?uN~^( 1KP7FUNXeN~^(Os 1.6JNG"~MQ 40kGW&Q
HJj"=lJeGO)aO/-J$#3N3HKhj40kN-H7F"[}&?
MHbKg-/Q=7F$k#

^?"GeKwELG7sAl<7gsw,[}5l?lg"[},/-lP

wEzLKhCFwER,8.5lk,",:7b3NwER, PMTKhCF
}}5l$YsHH7F-?5lko1GO5$#=lrF=9k?aK"[}

,/-?FPMT"kljNN(G$YsHH7F-?5lkh&KJCF$k#
3N]NN(OLRz( (QE)HFPl"F PMTNM,DLK,j5l"7_e
l<7gsfGHolF$k#

^ 2.19: wELGN?M&[}&)a(#V~OwER,|P5l.fH7F-?5l?
lgN[}("^<s@'N~OwER,|P5lJ+C?lg#

^ 2.20O!aGb@9k-cjVl<7gsmCIb^a?-cjVl<7g
s~!PoNu7rGEANT47_el<7gsrQ$FF=7?MRG"k#2.2.3 XMASSB3!Po-cjVl<7gs
!PobtG*3C?v]N(Mk.<F=."LVF=.r5NKT&?a

KO"{NN(Mk.<N~;rQ$F-cjVl<7gsrT&,W,"k#=

3Gf9O!PoNbtK~;r~lk?aN-cjVl<7gs79F`r=

[7?#

3N-cjVl<7gs79F`NgJC'OJ<NLjG"k#25



Z=0cm 

SUS (Fe:74%  Cr: 18%  Ni:0.08) 

GEANT4  

 

GEANT4  

 

^ 2.20: 7_el<7gsKhk-cjVl<7gs~NF=� btNXer]}7?^^!PobtK~;rP7~l9k#� t>}~KhCF�1mmNLV:YG~;r\0D=#� -cjVl<7gsmCINh<rhj9(k3HG 57Co"241Am"109Cd"55Fe,137CsJIN~;NZjX(,D= (^ 2.212H)#� 7sAl<7gsw,~;+HK82ilk (FzL)dgr:i9?a"s0.2mm>BNAe<VK~;ru_#
^ 2.21O|M~;rhjU1k-cjVl<7gsmCIG"k#-cjVl<
7gsmCIN\Nt,O|M-Tc*N/J$5@G<GG-F*j">BO12mm"95O 1560mmG"k#=NhKO~;hjU1[k@<,D$F*j"
~;Nhj9(N]O3Nt,rr99k#9K=Nh<KB]~;rhjU1

k[k@<,D$F$k#"@W?<H[k@<O9Fsl9=G"k#^?"#

sNLVF=."(Mk.<F=.N?aN-cjVl<7gsGQ$? 57Co~
;O/Y 100Hz">B 0.21mm"^?=NAuKhkFzLNdgO1.6%G"k#
^ 2.22O3N-cjVl<7gs79F`N4N^G"k#-cjVl<7g
s~Oce?s/etK"k9FCTs0b<?<Khj"9Fsl9=N>B0.3mmN9Fsl9o$d<rwjP93HG"-cjVl<7gsmCIrn
05;k#HQ5lF$k9FCTs0b<?<NEMO 1000step=0.9995mmG
"k#-cjVl<7gsmCI,!PoetK~#7?e"'$+CWjs00

>~s>3~!KhjGetNPMTrl607"=NuV+i-cjVl<7g
smCIr!PofKn05;k#

B]!PofGt>}~NLVrQ=5;J,i-cjVl<7gsG<?rh

@9k~O"!PoG<tr9?<HLVH7F=3+ietK\05;k#326



NH-NLVn0:YO 1mmJ<G"k#
^ 2.21: -cjVl<7gsmCIL?

^ 2.23O-cjVl<7gsmCIr!Pobt^G\05;?H-NGLN
5,^G"k#-cjVl<7gsmCIO,$IQ$WbrACF<^G\0

9k#!PofNPMTN0&^G<m7?e"lVeNPMTrsV`nG07
=Nj+iPMTbtNNhX<m7F$/#

~5m 
 

  

 

  

   

  

      

              + 

 

 

^ 2.22: -cjVl<7gsuV4N^
^ 2.24O 57Cor!Pob z4 (t>}~)KhCF 10m4HK\05;?-c
jVl<7gsBG<?H7_el<7gsKhkLVF=-NkLG"k#^2.24(8),-cjVl<7gsG<?G^2.24(&),7_el<7gsG<?rQ27



IVC 

OVC 

PMT 

^ 2.23: -cjVl<7gs~GL^
$?kLG"k#=l>l"XMASS!PofNt>}~K 10mo_K 57Co~
;r[V7?~NG<?rQ$F$k#LVF=-N:YO!Pof4t (z=0)
GORMS=1.4 "z=�20mGORMS=20mN:YG"j"7_el<7gs
bh/F=7F$k#XMASSB3GO(Mk.<OPMTGu1?wL (p.e.)NgW (nPE)G=9#
^2.25O 57CorQ$?(Mk.<F=.NkLG"k#D~,-cjVl<7gs
G<?"V~,7_el<7gsG<?r=7"IAib 57Co~;r!Pof4K
[V7?H-NbNG"k#^ 2.25(e), nPE,[G"j"nPE,[+i 57CoN
Fxuv]N(Mk.<KhkT</rN'7"=NT</+i(Mk.<91<

krhj7#4r(Mk.< [keV℄KQ97?bN,^ 2.25(<)G"k#57Co~;
NgWC~G"k 122keVNbN[+K 59.3keV,136keVNT</,N'G-k#3
NkLKhjXMASS!PoGN/wL,ATM+iNpsGO 16.0�1:0pe/keV
G"k3H,o+C?#^?=N(Mk.<,r= (RMS)O 57Co~;N(Mk
.<S (122keV)GA4%G"k#^?7_el<7gsHG<?NfSKhj!
Pof4GN nPE,[H Energy,[O7_el<7gsGh/F=5lF$k
3H,o+k#
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^ 2.24: -cjVl<7gsG<?NLVF=-:#4!PoNe?}~4"D4!Pot
>}~

DATA 

MC 

DATA 

MC 

Total Npe 

Energy [keV] 

Total photo electron  

              

Reconstructed energy  

                122keV 

136keV 59.3keV (W-Ka) 

~4% rms 

: ~4% (rms)@122keV 

57Co  

:16.0 +/- 1.0 pe/keV 

^ 2.25: Co57Khk(Mk.<-cjVl<7gs29



h3O KrPC/0i&sI
3.1 KrPC/0i&sIXMASSB3OKcPC/0i&sIB3G"k#Eu*A5wNPC/0i
&sIHJkbNN1DK 85KrKhkxuv],"k#85KrO>:| 10.8/G687keVNBxur/39 (^ 3.12H)#3N(Mk.<NhOEu*A5wN7
0JkShHoCF*jPC/0i&sIKJk (^ 3.22H)#KrOTNNXef
Ko:+K^^lF*j"Eu*A5wK3l^GXe,Q$ilF3J+C?N
b3l,6xN1DG"k#f9OKrrCLKc:7?TNXerX~7?#7
+7"=lGbyLNKr,^^lF*j"3N^^GOEu*A5wB3KOQ
$kvOG-J$#=3G"f9OX~7?Xe+iKrr|n7bcYNXer
:=9k?aNx1uVr+/7? [2℄#^ 3.3O3Nx1uVN6}Hx1N5
,r(7F$k#

^ 3.1: 85Krxu^
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^ 3.2: KrPC/0i&sIv]N(Mk.<SHEu*AN70JkNh:#4O(M
k.< [keVee(ER?7~N(Mk.<91<kG=7?bN)℄"D4O$YsHl<H[events/kg/day/keVee℄#D~OAL 100GeV/2"?~GLQ 10�45m2 r>j7?~NWIMPN70Jk"V~OKr;Y 0.1ppm mol Kr/mol Xer>j7?~"Ts/'N~
OKr;Y 1pptr>j7?~#3.2 XeNx1XeHKrGO(@,[Jk#+/7?x1uVGO3Nc$rxQ7FXef+
iKrr,%7?#+/7?x1uVNEMroOJ<N 3G"k#� 6AXeK^^lkKrN;Yr 5eJec:9k=O#� 6AXeKP9k:=XeNs}(, 99%G"k#� 6AXer 4.7kg/hrN.LGh}9k=O (1ton Xer 10|Gh}G-k)#
lLKbcYN=Jr@k?aKO 1DNJK6Ar~lFx1rT&1x1
GOJ/"Jtr}d7?JK7?:1H$&j!,Q$ilk#f9Nx1u

Vb:1`nrQ$FXefNKrr|n9kuVG"k#3N:1rT&t,r
:1c (^ 3.32H)HFV#:1cGOj\$i<Hd`!G:1cbNXer[
D5;k#(@Nb$KrOetK8^kNG"<tNXefNKrO:k#3NKr,/J/JC?:=Xer<t+ihjP9#
3Nx1uVrQ$F 2009/ 7nK:1cNEMrN'9k?aK@,[3b
Gx1uVn3rTC?#3Nn3GO6AXefKKr 10ppm^-NXer 20-
m0i`Q$?#=N~NkLO6AXefKr;Y, 12�0:8ppmG"C?NKP
7F:= XefKr;YO<0.6ppbG"C?#Jehj"3Nx1uVGN Xel31



 

^ 3.3: (8e)x1uV6} (&e)x1uV:1c (<)Xex15,^
32



sNx1KhjXefKrr 5_ 10�5c:9k=OrN'7?#3Nx1uVrQ
$F 2010/ 9nKXMASSB3KQ$ks 1.2tonNXeKD$Fh}rTC?#
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h4O ,9/m^H0iUuVKhkXefKr;Y,j
h 3OG-R7?LjXMASSB3GOEu*A5wB3NPC/0i&sI
HJkKr|nN?aKx1rTC?#2009/N3Nx1uVNx1n3GOXe
fN 0.1ppmN;YNKrr 5eJec:5;kv,N'5l?##sN\B3K
3~5lks 1.2tonNXeNx1Kb3lH18x1uVrQ$F$k#
^:"f9,X~7?6AXefNKr;YOb6Y,9/m^H0iUuVG
,j7?H3m= 4.1NkL,@il?#5eJeNKr;Yc:=Or>j9k
H"x1NkLKr;YO 3pptJ<KJCF$kv,|T5l,"3N3HrN
'9kKO:=eNXer5sWjs07"=NKr;Yr,k,W,"k#
7+7":=eNXefNKrN;YOe-N,9/m^H0iUuVN!PB
&J<JNG=N^^jL9k3HOG-J$#=3Gf9O Xex1fK1~
KSP5lkKr;YNb$*U,9 (^ 3.32H)NKr;Yr,j7"=NM+
i:=5l?XefNKr;Yr+QbC?#=NkLO*U,9fNKr;Y,29ppmG3lKhj:=XefNKr;Yr+QbkH"(23�32)ppbHJC?
:=XefKr;Y=[((310�11)ppb)_ 1-((28700�1000)ppb)_ 0.01℄/0.99=(23�32)ppb
4.1 ,jkL

= 4.1: 6A XefKr;Y,jkL
a<+<!! L (kg)!! Kr;Y [mol/Xe(mol)℄AR 975kg (310 � 11)ppbBR 201kg <2.8ppb
!! CR 50kg (1100 � 26)ppb100kgnn!GHQ7F$?bN 26kg (13 � 2)ppb
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h5O FADCKhkKrv]N1j
h 4OGO!PobNXefKr;YrV\*K>A7?#33GOFADCrQ$
FB!Nn3?>fNG<?+i!PofNXeKD19kKr;YN+Qbjr
T&#85KrO 0.43%NN(G 173keVNBxuN"H>:| 1.015L sG 514keVN
C~r|P9k#3N"37?v]NHAr FADCrQ$F*(kvKhj 85Kr
Nxuv]r1j7"=NQY+i^-Lrdj9k#

^:"n;H7FXMASSB3NKr;Y\8N 1pptNKrr^`lgNv]QY
r+QbC?#XMASS!Po-zNQt 829.2kgfNXe6R (ALt 131.293)Nt,"NXe=(829.2kg/131.293g)_ 6.02_ 1023=3.8_ 1027(D)
G"k#85Kr/KrNdgO,jKhj0.6_ 10�11Ho+CF$k#XefKr;Y
r 1ppt(=10�12)H>j7?lgN!Po-zNQt,bN 85KrtONKr=3.8_ 1027_ 10�12=3.8_ 1015(D/ppt Kr)N85Kr= 3:8_1015_ 0.6_ 10�11=2.3_ 104(D/ppt Kr)
HJk#^?"85KrOw?, 10.756/"0.434%GdjH7F$kxur/39N
G"=3+i|T5lk$YsHl<HrW;9kH"10.756/=3929| (=10.756_ 365.25)Ratio(deay/day)=1-exp(-1/3929)=0.000254(deay/day)2.3_ 104_ 0.000254_ 0.00434=0.025(event/day/ppt Kr)
HJj"40|VNQ,G"1v]xY/89kH=[5lk#
\@8GOB]KXMASSB3!PoKhjU1il?FADCG 2011/N 2n
+i 3n"2011/N 8n+i 9nKh@7? live time 61|,NG<?r"HAr
O9k3HKhCF!PobtNXefNKr;Yrdj7?#
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5.1 57Co(Mk.<-cjVl<7gsFADCrQ$FBG<?+iNKrv]N1jrT&^(K"{NN(Mk.<
Nxur/39|M~;rQ$FFADCGN(Mk.<-cjVl<7gsrT
&,W,"k#=3G\&fGO1xYN(Mk.<SNxur/39 57Cor~
;H7F*s@#57Co,xu9k~O 85.6%NN(G 122keVNC~r@9 (^5.12H)#3N 122keVNC~rQ$FFADCGh@7?G<?N(Mk.<-c
jVl<7gsrTC?kL"17p.e./keV,@il?#^ 5.2O=N~N nPE,
[G"k#^ 2.25(e)HfYF"Resolution,-$}3H7FO"M!GbRY
k,"gW7F$k 12hNF h4HKQEd5rTCF$J$?aG"kHM(
ilk#

^ 5.1: (8)57Coxu^H (&)Ge!PoG,j7?xuN(Mk.<9Z/Hi`

^ 5.2: FADCGh@7? 57CoNC~v]N nPE,[:#4 nPE"D4 Entryt36



5.2 FADCGNHAps
0R7?H*jXMASSB3NDAQ79F`GO642\NPMT,60fNATM
K[,5lF*j"FADCGO3N 60fNATM+iN PMTSUMr-7go;
?.frI_~`#3NHANLQ+iFv]4HNEYd(Mk.<"wER

t (nPE)Npsr@k#B]KFADCGh@5lkER?7udN5?*JHA
,^ 5.3G"k#

^ 5.3: (8)173keVjvNv]H (&)514keVjvNv]:#4O~V,D4OADC ounts2.1.1GRY?h&KUNXe7sAl=7gsGO6RK?7HER?7GO
7sAl<7gswN~jt,[Jk?aER?7v] (B"C)H"6RK?7
v] (A"Dark Matter)N*L,D=G"k#\&fGO3N*LKhjER?
7v]r*s@#5.3 T</5<A"k4j:`XMASS!PobG/3C?Fv]O"^ 5.3Nh&J FADCNWmCHfG
T</r}DHAH7F!P5lk#=3G"rOr9k?aKOh@7?4F

NG<?Nf+iU!$k4HK3NT</r'17=NT</rbDHANp

srjP9k,W,"k#Q$?T</5<AN"k4j:`OJ<NjgKhC

F$k (^ 5.4"^ 5.52H)#1.FADCG<?NiaN 2005sWkN?QrW;7=lrBaselineH9k#2.ADC ount, 20r6(?i=3rT</HAN/@H9k#=N@r~VN
6@H7 F [-50ns,300ns℄NhVrQ,9k#Hj,?$_s0J0Ob$(Mk
.<v]NF<k^Gh@9k?a [-50ns,350ns℄rQ,9k#=NeQ,7?E
YLr nPEK9;7F-?9k#3.T</HAN*@r=G9k# 37



� Pulse height<800ADC ountNlg:=Ne 10ADC ount^G<,C?i=
3rT</HAN*@H9k#� Pulse height>800ADC ountNlg:=Ne Pulse heightN 10%^G<,C
?i=3rT</HAN*@H9k#4.!NT</5<AK\j (gx 2Xak)"FADCNGeN5sWkG<?^G

T</5<Ar+jV9#1DN FADCv]bG"Hj,?$_s0NT</rV1st peakW"=lJ0G
Gb Pulse height,b$T</rV2nd peakWHjA9k#
T</5<AN"k4j:`Njg 2 G(7?h&K"Hj,?$_s0O<173keVN,j,G-lPI$NG^ 5.3(8)hjT</N7-$MJeNQ,O
Or 300nsHha?#=lJ0OA500keV^GN,j,,WJNGQ,OOr-
2?#(^ 5.3(&)2H)
3NT</5<A~KJ<NpsrjP7F-?7?#� T</HAN/@N~V� T</HANGgADC ount~N~V� T</HAN/@r6@H7?~N [-50ns,300nstO 350ns℄VNLQ [ADCount℄H=3+i+Qbilk nPE� T</HAN/@H*@NVN~V}� T</HA9m<WN~jt
^?"^ 5.3hj"1st peakH 2nd peakN~V9 (dT)r 300nsJeKBj7?
~K 1st peakH 2nd peakNEJjOJ$#\rOGO dT>300nsNNhr4Yk
vK9k#

^ 5.6O 85KrNxuJ~r=7F$k#FADCN~V}rM89kH"\rO
GHQ9kOOO 300ns<dT<3000nsG"k (^ 5.6fD'N~NOO)#
!K"~V}rQ=5;FSiginifianeNQ=r4Y?#= 5.1K=NkLr
(9# siginifiane = Effiieny2Range (5.1)
=NkL"Gb Signi�aneNb$~VOOO 300<dT<2000nsG"k3H,o
+C? (^ 5.6fTs/'N~NOO)#
J<GO3liNpsrbHK 85KrNxuv]N5wrTC?#38



!!!!!!!!

^ 5.4: pulse height, 800r6(J$v]NT</5<A

^ 5.5: pulse height, 800r6(kv]NT</5<A
39



= 5.1: [Jk dT+CHOOGN Sigini�aneNcCutOO Range EÆieny Sigini�ane300<dT<1500ns 1200 0.46 0.0176300<dT<2000ns 1700 0.56 0.0184300<dT<2500ns 2200 0.63 0.0180300<dT<3000ns 2700 0.69 0.0170

^ 5.6: 85KrxuJ~5.4 Event Redution/i$Fj"
|T5lk 85Krv]NC'rM87F"v]N*LrT&#B]KFADCKh
j1j7? 85Krxuv]NQYKhjKr;Yr+Qbk?aKO"=NPC/
0i&sIHJkv]NQYb>A9k,W,"k#

3NFADCrQ$?rONPC/0i&sIHJkbNH7F 85KrNxuv]
N&AiaK/-kBxuN(Mk.<SH18(Mk.<SN7s0kT</

v]H"=NeK/-kCxuN(Mk.<SH18(Mk.<SN7s0kT<

/v], FADCN~V}bG"37F/-?lg (J<""/7Gs?kv]),
M(ilk#D^j"3N"/7Gs?kv]tr:i9v,G-lP"3Nr

ON\*HJk70JkNPC/0i&sIr:i9v,G-"!P6Yr"2

k3HKDJ,k#

"/7Gs?kl<Hr:i9?aN"Wm<AH7F"85Krxuv]1jN40



]KQ$kv]*LN?aN+CHr"B]N 85Krxuv]K*1k 1st v]H2nd v]KG-k@1U#CH9kh&Khak#\&fGOO}m9,/J$r
O (eR"First Cut)HPC/0i&sIr:i93Hr\X7?rO (eR"FinalCut)N 2DrTC?#5.4.1 First Cut
^: 57CoN(Mk.<-cjVl<7gs+i"85Krxuv]GNBxuN(
Mk.<S (A173keV)HC~N(Mk.<S (A514keV)+i(Mk.<KX9
kfk$)Br+1k#1st peakKX7FOQmax=173keVN 1.5\Kjv9k"4400p.e.NeBr_j9k##T</5<ANgM, 20ADC ountG"3lOs20p.e.NQk9Kjv9k#2nd peakKX7FO"514keVN 0.5A1.5\Kjv9
k"4400A13200p.e.r_j7?#^?"300ns<dT<3000nsH7?#3lirFirstCutH7J<N/i$Fj"K9k#^?J<GO 1st event\N nPEr 1stnPE"2nd event\N nPEr 2ndnPEHjA9k#� First Cut [1stnPE<4400p.e. & 4400p.e.<2ndnPE<13200p.e. & 300ns<dT<3000ns℄85KrNxuN]K/-kBxuv]HC~v]N nPE,[rhj\7/Nk?
aK 2.2.2aN7_el<7gsrQ$F4Y?#^ 5.7OXMASS!Po7_e
l<7gsKhj"85KrNQB=173keVNBxuH 514keVNC~r/85;?~
N!PoG,j5lk nPE,[G"k#
C~Oc$ nPENhKbc$,[,+ilk#3lO!PoN<G/87?C
,!PofKltN(Mk.<@1nH7F!Po0K41FTC?+"b7/

O PMTH PMT[k@<HN9-VyG/87FPMTKw,=,KO+J+C
??a@HM(ilk (^ 5.82H)#2ndnPE+CHNeBMKD$FO First Cut
NOOK=,*5^k3H,o+k#

^?"First CutGNEÆienyO= 5.2Nh&KJk#First CutGOW 65%N
= 5.2: First CutGNF EÆieny1stpeak nPE Cut<4400 99%4400<2ndpeak nPE Cut<13200 94%300ns<dT<3000ns 69%Total EÆieny 65%EÆieny,@ilk#
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^ 5.7: GEANT7_el<7gsKhk nPE,[ [(V)85KrNBxuv]H (P)514keV
NC~v]℄

0.5mm 

1.0mm 

0.5mm 

2.0m

m 

2.0m

m 

2.5mm 
PMT 

window 

PMT 

Holder 

Gore-Tex 
vacuum 

Photo cathode 

0.01mm 

0.55m

m 

PMT  

PMT  

PMT 

event 

^ 5.8: PMTH[k@<NdVGN eventN5,^42



5.4.2 Eye SanFirst CuteKDC?FADCNHArA'C/7"@i+KdjH7F$kv]
H[JkbNr|$?#^ 5.8O Eye SanG|+l?v]NcG"k#

^ 5.9: Eye sanKhj|+l?v]Nc
5.4.3 Final CutFirst Cutr,Q7?~hjb"/7Gs?kl<Hr<2F"!P6Yre2
k?aKOnPEN+CHrhj 85Krxuv]K,7?bNK9k,W,"k#=
3G,[+i+CHOOr1st peakKX7FO 200A2200p.e.r_j7"2nd peak
KX7FO 7500A9300p.e.r_j7?#
~V9O^5.6"=5.1+iGbSigini�aneNI$300ns<dT<2000nsr*s@#� Final Cut [200p.e.<1stnPE<2200p.e. & 7500p.e.<2ndnPE<9300 & 300ns<dT<2000ns℄Final CutGN EÆienyO= 5.3Nh&KJk#Final CutGOW 27%N EÆ-ieny,@ilk#

= 5.3: Final CutGNF EÆieny200<1stpeak nPE Cut<2200 76%7500<2ndpeak nPE Cut<9300 64%300ns<dT<2000ns 56%Total EÆieny 27%43



^ 5.10(8)OFirst CutNOO"^ 5.10(&)O Final CutNOOr=7F$k#

Final Cut Criteria 

^ 5.10: (e)nPEGN First CuthV,(<)nPEGN Final CuthV
5.5 Aidental rate
0R7?h&KAidental rateHO#sN,jP]HJk 85KrNxuv]Nh
&K 2DN$YsHN3$s7Gs9rHklgK"v3/-?j_KX8NJ
$.f,1~KW,5l"VcC?.fH7FPO5l"W,5lkH-NQY

N3HG"k#85KrNxuv]NQYr,j9k0K3N"/7Gs?kl<H
r+Qbk,W,-k#

LoNG<?GFirst Cut"Final Cut=l>lN+CHKD$F"nPEN/i
$Fj"K~kv]Nl<H (Hz)raa"=lKF+CHN dT~V} (ns)r+
1k#GeK 1|v?jNQY (event/day)KQ97?#� First Cut : aidental rate : 0.61Hz_0.86Hz_2700ns_86400se/day=0.12event/day44



� Final Cut : aidental rate : 0.20Hz_0.16Hz_1700ns_86400se/day=0.010event/day
33G 1V\NRate[Hz℄O 1st peakN nPEN"2V\O 2nd peakN nPEN/i
$Fj"K~kv]NRateG"k#
F"/7Gs?kl<HHh 5ONA,GN 1pptNlgKO 85Krxuv],0.025[event/day/ppt Kr℄KJkH$&n;+i=l>lN+CHr,Q7?lg
N3N 85Kr1jrON!P6Y ("/7Gs?k,4F 85Krv]H>j7?~NKr;Y)rW;9kH"� First Cut : !P6Y :A7.4ppt Kr� Final Cut : !P6Y :A1.5ppt Kr
H+Qbil?#5.6 kL

\&fGOXMASS!PoNn3Q,|V 2011/02A03H 2011/08A09N&A
mWN live time 61|KP7F0R7? 2DN Cutr,Q7"85Krxuv]N5
wrTC?#= 5.4OQ$?G<?;CHH\&fGNrOkLG"k#^?"=5.5K First CutGDC? 85Krxuv]udH"=Nv]psr(9#

= 5.4: G<?;CHHrOkL
|V 2011/02A2011/03 2011/08A2011/09 mW Aidentallive time!! 13| 48| 61| 61|First Cut 5event 26event 31event -Eye san 5event 21event 26event 7.32eventFinal Cut 0event 1event 1event 0.61event

^ 5.10 O Final Cut GDC? event G"k#1st peak O+CH/i$Fj"200p.e.<1stnPE<2200p.eKP7F 778p.e,2nd peakO 7500p.e.<2ndnPE<9300p.e
KP7F 9415p.e,dTO 300ns<dT<2000nsKP7F 944nsG"k#
kLr+Fo+kLj"Final Cut+Eye SanHFirst CutGDC? eventN9,
g-$##sODC? event,4F 85Krxuv]+I&+O#ehj\YK4Y
k,W,"k##sODC? event,9YF 85Krxuv]@H>j7FKr;YN
eBMr+Qbk#
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dT:944ns 

1stnPE:778p.e. 

2ndnPE:9145p.e. 

Event 17 

^ 5.11: Final CuteKDC?v]N FADCKhkHAWmCH (Event 17)5.6.1 Kr;YeBM
#sNrOG First Cutr,Q7?kL0RNLj""/7Gs?kl<HO0.12event/dayG"C?#^?rOKbA$?G<?N|tO 61|G"k#3N
3H+iPC/0i&sINtO"� NBG=0.12event/day_ 61days=7.32event
l}FADCNps+i@il? 85Krxuv]� NKrobs=! 26event
G"k#

3li2DNM+i"Feldman&Cousins[29℄N}0rQ$F90%.jhVG event
tNeBMr+QbkH"� NKrtrue< 28event
HJk#hCF3NM+iXMASS!PobXefKr;YNeBMrEÆieny
rM87FaakH" Kr=Xe < 28pptKr[90%C:L℄
HJk#

1MKFinal Cutr,Q7?kLO0RNLj""/7Gs?kl<H,0.010event/day
G"C?#^?rOKbA$?G<?N|tO61|G"k#3N3H+iPC/
0i&sINtO" 46



� NBG=0.010event/day_ 61days=0.61event
l}FADCNps+i@il? 85Krxuv]� NKrobs=! 1event
G"k#

3li 2DNM+i"Feldman&CousinsN}0rQ$F 90%.jhVG event
tNeBMr+QbkH"� NKrtrue< 3.8event
HJk#hCF3NM+iXMASS!PobXefKr;YNeBMrEÆieny
rM87FaakH" Kr=Xe < 9:3pptKr[90%C:L℄
HJk#5.7 M!First CutK*$F"/7Gs?kl<HO 0.12event/dayG"j live timeO 61
|JNG"|T5lkQYO 0.12_ event/day_ 61day=7.3event@HM(ilk#
l}Eye sanKhk 85Krxuv]5wKhjDC?v]tO 26eventG"k#|
T5lkv]tH 85Krxuv]5wKhjDC?tKs 20eventt,N9,_i
lk#3N6xO=_4:fG"k,"85KrJ0NX!PofN>N|M-*A
Khkv],^^lF$kD=-,"k#^?"=b=b 85Krxuv]5wN]
KQ$?"2DN+CH (First Cut,Final Cut)VGN 85Krxuv]udNtKg
-J+-,"k#b7 Final Cut,ej/ 85Krxuv]KFIt7?+CH/i$
Fj"r_jG-F$kH9kH"3N9ObCH.5/JkH|T5lk#hC

F#sFirst CuteKDC? 26event4F, 85Krxuv]KhkbN+I&+O#
e\7/ study9k,W,"k#85Krxuv]J0NudN 1DK 238UOsN|M-*A,"k#238UOsN214BiO 99.98%NdgGBxu7 214PoHJk#=NH-NQBO 3.27MeVG"
k#214PoOAxu7"7.687MeVN(Mk.<NA~rP7 210PbKJk#3N~N214PoN>:|O 164.3L sG"kJ^ 5.12"^ 5.132HK3N"37F/-k2D
Nv], 85Krxuv]HVcCF=G5lkD=-r!$9k#XMASSB3GO
3N 214BiNFKoG"k 222RnNLrXefG<1.0mBqK^Gc:9kvr\8
H7F$k#B]3N 222RnNLr 214BiNBxuH 214PoNAxuN"3v]rQ
$F1j7?udtNkL+iQYr+QbkH3Nv]O (8.2�0:5)mBqG"C
?#3NRate+i+QbkH 214BiKhj"37F/-kxuv]Nl|v?j47



NQYOs 708event/dayHJj"live time 61|GO 708event/day_ 61day=4.3
_ 104eventHG"kHM(ilk#\&fGO First CutK*$F 1st peak H2nd peakN~VVV dTN+CH/i$Fj"r 300ns<dT<3000nsH_j7F
$k#214PoN 210PbXNxuJ~+i 300ns<dT<3000ns+CHKhkEÆieny
O 1.13%H+Qbil? (^ 5.142H)
^?"214BiNxuv]NFirst CutGN 1st peakH 2nd peakNnPE+CH/i
$Fj"GNEÆienyr+Qbk?aKO 85KrNxuv]H18h&KXMASS
!PorF=7?GEANT7_el<7gsKhj 214BiNBxu"214PoNAx
uNv]r7_el<H9k,W,"k,"=J,N7_el<7gsWm0i

`GO/89k3RN(Mk.<,b9.FW;~V,soK++j"abjb

gLKCq9kNGb$}W:YGO8.G-J$#

=3G3NEÆienyr>jKhj+QbC?#214BiN 214PoXNxuGOBx
uN>KCxub^^lk#=NzLKhj"=N(Mk.<,[OLoNBxu

N(Mk.<,[H[Jk#=3G=N,[r^ 5.15Nh&K">j9kHFirstCut/i$Fj"N 1st peakNOOKjv9kt,Os 7%HJk#
!K"3$F/-k 214Po+i 210PbXN 7.687MeVNAxuN eventr 85Kr
N 2nd eventN 514keVNC~H1MAN nPE,[@H>j9kH"^ 5.7Nh
&Kc$ tail,c(Mk.<&K3/#= 6.2hj"nPE<4400p.e.(A259keV)Ntailt,NdgO 6%G"k#3N(Mk.<91<kr 7.687MeVKQ99kH"First Cut/i$Fj"N 2nd eventNOOKjv9kt,Os 0.76%HJk (^5.162H)#GeK0R7?~jtKhk6RK?7v]HER?7v]N*LNEÆienyr 90%@H>j9k#dT"nPE"~jtKhkERK?7"6RK?7*LNEÆienyrH<?k7
? EÆienyO 0.07_ 0.0076_ 0.1_ 0.0113=6.0_ 10�7HJk#hCF 214BiK
hj"37F/-kxuv]N live time 61|v?jNQYOEÆienyrM87
F"6.0_ 10�7_ 4.3_ 104=0.026eventHJk#
^?"b& 1DNudH7F 232ThOsN|M-*A,"k#232ThOsN 212Bi
O 64%NdgGBxu7 212PoHJk#=NH-NQBO 2.25MeVG"k#212Po
O 8.785MeVN(Mk.<NA~rP7 208PbKJk#212PoN>:|O 299nsG
"k (^ 5.17"^ 5.182H)#3N"37F/-k 2DNv], 85Krxuv]5
wG 85Krv]HVcCF=G5lF7^C?D=-r!$9k#XMASSB3G
O3N 212BiNFKoG"k 220RnrXefG<0.43mBqK^Gc:9kvr\8
K7F$k#B]3N 220RnNLr 220Rn, 6.3MeVNAxuNeK>:| 0.145s
G/-k 6.8MeVNAxuN"3v]rQ$FADCKhj1j7?udtNk
L+iQYr+QbkH<0.28mBq[90%C.L℄G"k3H,o+CF$k#3Ne
BM+i+QbkH 212BiKhj"37F/-kxuv]Nl|v?jNQYO<15event/dayHJj"live time 61|GO 15event/day_ 61day=<9.2_ 102event
G"kHM(ilk# 48



^ 5.12: UOsNxu
^ 5.13: 214BiNxu
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214Po→210Pb decay (τ1/2 =164.3μs) 

300ns<dT<3000ns 

1.13% 

^ 5.14: 214PoNxuJ~H First CutKhk EÆieny:#4~V [ns℄D4 N[D℄
Rate 

Energy 3.27MeV 259keV 

         214Bi  à  214 Po 

nPE  

   1st event Cut 

4400p.e.=259keV 

~7% 

19.9%:3.27MeV β 
 

17.5% 1.54MeVβ+ 

              1.73MeVγs 
 

16.9%:1.51MeVβ+ 

             1.76MeVγs 
                          

                          

                                      1 

1 

^ 5.15: 214BiN 214PoXNxu~N Energy,[bGk50



Rate 

Energy   7.69MeV 259keV 

         214Po  à  210 Pb 

nPE  

                          2nd event Cut 

4400p.e.=259keV<Energy<13200p.e.=776keV 

~0.76% 

^ 5.16: 214PoN 210PbXNxu~N Energy,[bGk
3N 212PoNv]O>:|, 299nsG"k#\&fGO First CutK*$F 1stevent H 2nd eventN~VVV dTN+CH/i$Fj"r 300ns<dT<3000nsH
_j7F$k#212PoN 208PbXNxuJ~+i 300ns<dT<3000ns+CHKhkEÆienyO 50%H+Qbil? (^ 5.192H) ^? 214Biv]H1MK 212BiNnPE,[r>j7F=EÆienyrW;9kHs 10%xYKJk#=3GdT+C
H"nPE+CH"~jtKhkA"C+CHNH<?kNEÆienyrW;9kH3.8_ 10�5HJk#hCF 212BiKhj"37F/-kxuv]N live time 61|v
?jNQYNeBMOEÆienyrM87F"<3.8_10�5_9.2_102=0.035event
HJk#

hCF"#sQ$? live time 61|,NG<?G First Cut(+Eye San)eKD
k 85Krxuv]ud, 26event@C?NKP7F"J1J>jKhj|T5lk212BiH 214Bi,.6ktO=l>l"� 212Bi<0.035event� 214Bi=0.026event
HJC?#3N+Qbj+iO"212Bi"214BiO 26eventN 85Krxuv]udN
fKO[HsI^^lJ$vKJk#7+7"#sN>jKO(Mk.<,[J

IT5NJWG,"k?a"#eO7_el<7gsWm0i`N~IKhjb

$}W:YG 212Bi"214BiNxuv]r7_el<H7"=N,[r5NK+Qb51



^ 5.17: Hj&`OsNxu
^ 5.18: 212BiNxu
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300ns<dT<3000ns 

212Po→208Pb decay(τ1/2 =299ns) 

50% 

^ 5.19: 212PoNxuJ~H First CutKhk EÆieny:#4~V [ns℄D4 N[D℄
kv,,WG"k#^?"=lH1~Kh 4OGXefKrN,jGQ$?b6Y
,9/m^H0iUuVN,ji$sN~Id",jjgN)WKhj!P6Y

r~e5;?&(G!Pof+i5sWjs07?XefNKr;Yr,j9k,
W,"k#^?"First CuteKDkD=-N"k 85Krxuv]J0Nv]"6x
KD$Fb#ehj\7$4:,,WG"k#

!K"^ 2.25(e)^Nh&KATMGN 57Co(Mk.<-cjVl<7gsK
hk nPE,[GORMS,A4%G"k,"^ 5.2Nh&K FADCGN 57Co-c
jVl<7gsKhk nPE,[GNRMSOs 15%G"k#FADCN}, ATM
hj Resolution,-$}3O0KbRY?h&KFADCNlg\&fGOATM
+iN PMTSUM.f 60h,rgo;?HA+i nPEr+QbCF*j"F h
VN2$sd5rTCF$J$?a@HM(ilk#^ 5.7K(7? 85KrNxu
v]GGkB~HC~N7_el<7gsGO3NFADCNResolutionOM87
F$J$,"3N ResolutionrM87Fb=, First CutNOObK,[O}^
kHM(ilk#^?"hj TightJ+CHrTC? Final CutGN 2nd peakN
(Mk.<SGOResolutionOI/JkHM(ilk#7+7hj\YJ&fN
YK#eOPMT642\,4FNAcsMkpsr77$FADCGh@7"rOr
T&#

^?"#sO(Mk.<-cjVl<7gsK 122keVN 57CorQ$?,"^5.7K"kh&K 85KrNxuv]KO 514keVNC~v],"k#\&fGO(M53



k.<HnPEN04JjK"jF#r>j7F$k,"CKFinal CutNnPE+C
H/i$Fj"GO 2nd peakNOO,9/"3NjK"jF#N:lKhkFA
Og-$HM(ilk#=3G"hj3s5<PF#VK 85KrN;YNeBMr
>A9k?aKX9*K514keVNC~v]N(Mk.<91<kr17p.e./kev+
i�10%Q=5;?H-NEÆienyr+QbC?#kLO= 5.6Nh&KJC?#
^? 514keVNC~v]N p.e./keVr 122keVN 57Co-cjVl<7gsKh
j+QbC?M+i �10%Q=5;?H-K"Final CuteKDk 85Krxuud
v]tO= 5.7Nh&KJC?#
hCF 2nd peakN(J8<91<kr�10%Q=5;?~N=l>lNlgN85Krxuv]N 90%C.LGNeBMbFeldman&CousinsN}0Khj+QbkH
= 5.8Nh&KJk#
^?"2nd peakN(J8<91<kr�10%Q=5;?~N=l>lNlgNXefNKr;YNeBMr+QbkH"= 5.9Nh&KJC?#
hCFhj3s5<PF#VKOXefKr;YOKr=Xe < 14ppt[90%C:L℄
HJC?#
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= 5.5: First CuteN$YsHps:*O Final CutN/i$Fj"+i0lkM (esC
F$?iMN&&K"<sCF$?iMN8&KU/"lV&O Final CutNkL)Event Time 1stpeak nPE 2ndpeak nPE dT Final Cut1 02/18�18:07:03 1417 *5370 1700 -2 02/20�14:13:46 313 *6353 1444 -3 02/21�21:33:53 3953* *5397 1972 -4 02/26�13:18:42 3777* *7471 1832 -5 03/03�18:10:08 4481* *5484 2612* -6 08/09�15:49:07 2599* *5955 560 -7 08/15�23:23:21 1185 9892* 1616 -8 08/22�01:08:06 1838 11836* 1484 -9 08/25�19:27:19 4051* 8372 472 -10 08/30�05:59:06 280 *9524 1980 -11 08/30�09:42:43 1232 *10960 1460 -12 08/30�16:26:28 1095 *5725 2608* -13 08/31�10:52:04 4031* 11848* 1560 -14 09/01�15:13:01 2315* 12312* 1532 -15 09/06�09:01:28 1121 *5105 792 -16 09/07�17:15:17 1697 10772* 380 -17 09/09�03:17:09 778 9145 944 ~18 09/12�01:06:30 740 12228* 1472 -19 09/18�21:06:53 1552 *4845 348 -20 09/19�03:38:37 833 11051* 1516 -21 09/21�17:59:53 2126 12013* 1444 -22 09/22�18:52:17 2743* 8433 980 -23 09/26�11:29:05 1702 11280* 604 -24 09/27�12:03:46 2271* 12415* 1564 -25 09/27�13:28:53 2282* *4679 496 -26 09/27�14:57:10 1986 *5683 2600 -

= 5.6: 2nd peakN(J8<91<kr 10%Q=5;?~N EÆieny17p.e./keV+iNQ= Final Cut�0 64%+10%!! 46%-10% ! 42%55



= 5.7: 2nd peakN(J8<91<kr 10%Q=5;?~N 85Krudv]t17p.e./keV+iNQ= Final Cut�0 1event+10%!! 0event-10% ! 1event
= 5.8: 2nd peakN(J8<91<kr 10%Q=5;?~N 85Krudv]tNeBM[90%C.L℄ 17p.e./keV+iNQ= Final Cut�0 <3.8event+10%!! <1.8event-10% ! <3.8event
= 5.9: 2nd peak N(J8<91<kr 10% Q=5;?~N Xe f Kr ;YNeBM[90%C.L℄ 17p.e./keV+iNQ= Final Cut�0 <9.3ppt/detetor+10%!! <5.9ppt/detetor-10% ! <14ppt/detetor
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h6O k@

XMASSB3O@,[3bO< 1000mGTolF$kEu*A>\5wB3G
"j"!Pot,K+JWCzLNb$UNXes 1.2tonrQ$k3HKhjKc
PC/0i&sID-rB=7F$k#XMASSB3GOUNXeN+JWCrQ$kv,G-J$btNPC/0i&
sIr<2kv,EWG"k#=NJ+GbXefK^^lkKrN1LNG"k85KrNxuKhCF/-kBxuN(Mk.<OEu*A,!PofGnH9(
Mk.<SHEJk?a"Eu*A>\5wNW?*JPC/0i&sIHJk#

=3Gf9O 2009/KXefKrr 5eJec:5;k=Or}DXex1uV
r+/7?#=Ne3Nx1uVrQ$F\B3QKs1.2tonNXerx17?#
x1eN:=XefNKr;YOf9N}Db6YN,9/m^H0iUuVN
!P6YJ<G"k?a"5NKjL9k3H,G-J$#=3Gx1Khj:

=XeH1~K/89k*U,9r3Nb6Y,9/m^H0iUuVG,j9k
vKhj:=XeNKr;Yr>A7?H3m (23�32)ppbH$&kL,@il?#XMASSB3GO!PobtN 642\N PMTKhj*(il? Xe/wv]N
HArFADCKhjh@7F$k#l}"85KrO 0.43%NdgG>:| 1.015LsG 173keVNBxuN"H 514keVNC~r|P9k#
3N"37?v]NHArFADCrQ$F*(k?aK"^:FADCNps+
i 1v]r'19k?aNT</5<A"k4j:`rnC?#=Ne@il?F
v] (T</)KP7F First Cut"Final CutN 2DN+CHrQU7"2011/ 2
nA3n"2011/ 8nA9nW live time 61|NG<?+i=l>lNlgGN"
/7Gs?kl<HH 85Krxuv]N5wrT$"XefKrN;Yr+QbC?#First Cut(+Eye San)NlgO"/7Gs?kl<H,0.12event/day"85Krx
uv]ud, 26eventG"j"XefKr;YO<28ppt[90%C:L℄G"C?#Final CutNlgO"/7Gs?kl<H,0.010event/day"85Krxuv]ud
, 1eventG"j"XefKr;YO<9.3 ppt[90%C.L℄HJC?#
(Mk.<91<k�10%N79F^F#C/(i<r>j7?lgbFinal Cut
r,Q7?lgGNKrNeBMO<2.5ppt/detetor[90%C.L℄H+Qbil?#
GeK\&fGDC? 85KrudNfK 212Bixuv]"214Bixuv],.6C
F$kD=-r!$7?#=l>lNFKoN 222Rn"220RnNLH"\&fGQ
$? live time 61|,NG<?+i|T5lk 212Bi"214Bixuv]tr+QbC
?#kLO 214BiKD$FO 0.21event"212Bi<5.3eventHJC?#57
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