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1. XMASS =E&

10 ton = 28

100kg Prototype

~2.5m
reconstruction Dark matter search
v' Self shielding power
v BG level Multipurpose detector

We are here ! (solar neutrino, 3 2



2. 800kg BRHEFRDTH A
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> 800 kg BRH FRDERIEE
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® BG from PMT 238U

All volume HRilyHn~44.5cm
5¢m self shield LMo 9.5cm
10cm shield HubM i 34.5cm
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® BG from PMT %°Co

All volume HilyHi5~44.5¢cm
—— 5cm self shield #ilyhv5 39.5cm
—— 10cm shield HilAvs 34.5cm
+— 20cm shield {HilvA}o 24.5cm
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> BHSBEYDO—ILTA42T
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3. Prototype ICKAEEMEIFRELR
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> CNETIZ/LN TS T—4 (preliminary)

137Cs from HoIe A
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4. FED

> XMASS 800kg & H

A

® HiZBGL /L (<100keV): 104 [cpd/kg/keV]

® BN A EMERRRE

. 1045cm? (SI)
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1. Introduction
> What's XMASS

Multi purpose low-background experiment with lig. Xe

® Xenon MASSive detector for solar neutrino (pp/’Be)
® Xenon neutrino MASS detector (B8 decay)
® Xenon detector for Weakly Interacting MASSive Particles (DM search)

[ Dr atter ]

wd‘gzg! IO R O
&7 Double beta | gz ¢ 16



http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif

> 800 kg BHERT T2 DEBIKRR

® O34T H 38 (100kg)Z ALV EARMEHE study

v Vertex and energy reconstruction by fitter
v' Self shielding power

 BG level —CNETICHER

® MC ZRAW-RHEBFTH 1>

> BRHEOEKRIEE

> BREODMNEBEER

> BG O RELY

> RHEERYDL—ILTY -5
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> BG ORELY

JArATIZKYBRIC/FELONTLSIE Goal (800kg detector)

® v ray from PMTs ~ 102 cpd/kg/keV My 104 cpd/kg/keV

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

COBEBNERTEONEIDZRIFEL O

1/33
® 23U = (33+£7) x 104 g/g =)  1x107g/g
— Remove by filter
1/12

® 22Th<23x10% g/g (90% C.L.) P 2 x 1014 g/g
— Remove by filter (Only upper limit)

® Kr=3.3+1.1ppt 1/_3> 1 ppt

— Achieve by 2 purification pass
18



>
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® Position resolution

60 |

50 |

Events

10 |

=R D E BB

@Boundary of fiducial volume

10 keV ~ 3.2cm

40 |

30

20 |

22 26 30 34 38

Reconstructed position [cm]

“Generated S { 5keV ~5.3cm
R =31cm gl 12 .
E=10keV | \H = <=
2.10 [Fiduycial volume
6 i
[ h{ % 2 5 keV
c =223 Ern 7 2 | 10 keV
J 2 4] AR
W k{ S 5| 50 keV . B
JJ/ \ £ Oll\AeVa;;@@%OReV
Selve °© "0 10 20 30 40

Distance from the center [cm]
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R_reconstructed(cm)
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0 5 10 15 20 25 30 35 40 45 50

® Generated VS reconstructed

* Up to <~40cm, events are
well reconstructed with
position resolution of ~2~5cm

e QOut of 42cm, grid whose most
similar distribution is selected
because of no grid data

e Inthe 40cm~44cm region,
reconstructed events are
concentrated around 42cm,

but they are not mistaken for
those occurred in the center

e No wall effect

e QOut of 45cm, some events
occurring behind the PMT are
miss reconstructed (light leak)

20

Distance from the center [cm]



Light leak events

Some scintillation lights
generated behind the PMT
enter the inner region

Vg

It iIs not problem
If light shield is installed

R=46.6162cm
- 0=280475
R L7 1) 0 S e e :
- E=385.598ke

event 7

PMT "’ PMT | T
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Hamamatsu R8778MOD(hex)

® Hexagonal quartz window

® Effective area: $50mm (min)

® QE <~25 % (target)

® Aiming for 1/10 lower
background than R8778

c.f. R8778

U 1.8+0.2x102 Bq
Th 6.9+1.3x103 Bq
40K 1.4+0.2x101 Bq

~~
QO
(@)
©
QO
)
)
QO
(@)
e
b

® Prototype has been
manufactured already
® Now, being tested

23




c.f. R8778 (used for 100kg chamber)
U 1.8+0.2x102 Bq

Th 6.9+1.3x103 Bq

40K 1.4%0.2x101 Bq

U Th 40K

. measured by
HPGe detector
In Kamioka

[] Ceramic dielectric parts to support dynodes
For R8778mod = using quartz

B Glass parts for feed through & containmen

For R8778mod = Reduce glass material
Improvement result will be coming soon!

24



® MCIZXATHEREET

800kg BHEFZRT A DELEH

® XMASS 800kg & Hi 2§
B % {A¥t/~1ton, EE90cm, 60E &, 812PMTs
B HiZBGL A )L(<100keV): 104 [cpd/kg/keV]
B HFSNAEEMERFERE: 1045°cm?2(Sl)

B &7 AEEE

o HILMB25cmM I E T: 10keV ~3cm, 5keV ~5cm

B PMTHSMBG (238U, 5°Co)

A

e 20cm —JLFT: ~10° [cpd/kg/keV]
RHBREAYDL—ILTA42T

« JK200cm T, BEMNLD v iRk, 5B P OIS EFFHEIERD
PIEFICKOFZEEBELANILLUTIZERBTES 25



» 100 kg prototype detector

In the

Kamioka Mine
(near the Super-K)
2,700 m.w.e.

h low BG PMTs

Hamamatsu R8778

16% photo-
coverage

Lig. Xe (31cm)?

Gamma ray shield

..' o AT o

MgF, window 26



471t shield with door

material thickness

= Polyethylene 15cm
~_Boron 5cm
Il Lcad 15cm

Bl EVOH sheets 30um
B OF Cupper 5cm

[0 Rn free air (~3mBg/m?3) .




» Vertex and energy reconstruction

Reconstruction is performed by
PMT charge pattern (not timing)

Calculate PMT acceptances from various
vertices by Monte Carlo.
Vix.. compare acceptance map F(x,y,z,i)

XMASS prototype detector

run 1091

Ene.: calc. from obs. p.e. & total accept.

Log(L) = 3" LogZPLAIE,

PMT

L: likelihood
F(X,Y,z,1)
> F(x,y,z,1)

n: observed number of p.e.

X total p.e.

F(x,y,z,i): acceptance for i-th PMT (MC)

event 11252
potot 157.17 0.1 (§.46 ‘?'ogel
g 2349
(rx,ry,rz)=(0.80, 9.95, -3.19) d o @F’ L.
energy = 0.25 MeV @73@%5 3 2
BF 3 Q8| AT (B (B ¢
QG @ 94| &F ds 21| d&dd 49| G2 BP 09
0.2 -0.0 ;01 ;0.1 qQSO 0.1 ;0.1 01 00 0103 ,gf
laby labx B 5l
View from inside @4 @7 df4 /QADC
e G5 & Cjo
= T B ; & @ 45|°
150 |- - 6|
50 | ; 2 [. -
| , , | - A1
0 -100 0 100 00 100 200
FADC (ns) Hit timing ("s)

VUV photon characteristics:
Lemii=42ph/keV
Taps=100Cm
Teeat—=30CM

Background event sample
QADC, FADC, and hit timing
iInformation are available for analysis




Performance of the vertex reconstruction

Collimated vy ray source run from 3 holes (}3’Cs, 662keV)
hole C hole B hole A

25 25 ¢ 25 ¢
20 DATA/

¥Y(cm)
¥Y(cm)
¥Y(cm)

Y(cm)
Y(cm)

-20 1) 20 | - X
X(cm) X(cm) X(cm)

— Vertex reconstruction works well 2




Performance of the energy reconstruction

Collimated y ray source run from center hole (13Cs, 662keV)

itrary Unit

I bi
H
o

10

10

4

th

Reconstructed energy (keV)

— All volume

20cm FV
10cm FV

c=65keV@peak

(o/E ~ 10%)
Similar peak position in
each fiducial.
—>No position bias

— Energy reconstruction

works well

0 200 400 600 800 1000 1200

30



Demonstration of self shielding effect

Z position distribution of the collimated y ray source run

E 101 137Cg 10 60C0o
2 DATA DATA _
5= 10+ ¥ 1102 W
3 MC MC
<L TS T E ~1/10
~1£200 g
L %% v
104| =10+ CPMT
Saturation
106 L . 10_5L | region
-15 Reconstructed 2 +15¢cm -15 Reconstructed Z +15cm
O O O
O O O
O O O ¥
— Data and MC agree well =
- O O O
O O O
O O O 31




Event rate (/kg/day/keV)

—_
o
—

10 --------

W\

3.9days 'REAL DATA

livetime

—— All volume
— 20cm FV

— 10cm FV

(3kg)

10-%/kg/day/keV

0 Vﬂu 1000 1500 2000 2500 3000

energy (keV)

Shelf shielding for real data and MC [ aug. 04 run

~1 6Hz, 4 fold, triggered by ~0.4p.e.

preliminary

MC simulation

—— All volume
—— 20cm FV

— 10cm FV
(3kg)

/.

500 1000 1500 2000 2500 3000
energy (keV)

Miss-reconstruction due to dead-angle region from PMTSs.

® Good agreement (< factor 2)

® Self shielding effect can be seen clearly.
® Very low background (102 /kg/day/keV@100-300 keV) 32



» Internal backgrounds in lig. Xe were measured

Main sources in lig. Xe are Kr, U-chain and Th-chain

[0 Kr =3.3%x1.1 ppt (by mass spectrometer)
— Achieved by distillation

® U-chain =(33x7)x10'g/g (by prototype detector)
Delayed coincidence search (radiation equilibrium assumed)

214R; » 214p( > 210pp
B (Q=3.3MeV) o (7.7MeV)
T1,=164us

® Th-chain <23x10*g/g(90%CL) (by prototype detector)

Delayed coincidence search (radiation equilibrium assumed)
212 > 212Ppg » 208PQ
B (Q=2.3MeV) a (8.8MeV)
\ T1,=299NS




Kr concentration in Xe

® 55Kr makes BG in low enegy region

- 3 10° Ia..r.g.et..:..)(e ........... ..............
d T2 = 10.756 year E» :
B (0.434%) 173keV g lp— """"""" """"" """""""
T-|:I—I.D1_E.q..:|- 10'2
L
_ b (ﬁgjjﬁiﬁj ¥ SldkeV
“Rp | 08Tk 10+
® Kr can easily mix with Xe 100 " 200 400 600 800

because both Kr and Xe are rare gas energy (kev)

® Commercial Xe contains a few ppb Kr

34



Xe purification system

® XMASS succeeds to reduce Kr concentration in Xe
from ~3[ppb] to 3.3(Z£1.1)[ppt] with one cycle (~1/1000)

K Processing speed : 0.6 kg / hour Boiling point
 Design factor : 1/1000 Kr / 1 pass (@2 atm)
_* Purified Xe : Off gas = 99:1 Xe 178.1K
E—r— Lower Kr 129.4K
~3 ppb Kr (1Z§K) Off gas Xe:
330x100 ppb Kr
- (measured)
Purified Xe:
3.3+1.1 ppt Kr
_ (measured)
Operation@2atm (preliminary)




» Remaining problem: wall effect

MC

If true vertex is used
1 for fiducial volume cut

10

® Scintillation lights at the dead angle
from PMTs give quite uniform 1 p.e. signal
for PMTs, and this cause miss reconstruction
as if the vertex is around the center of detector

1000 _ 2000 3000
Energy (keV)

No wall effect

::> This effect does not occur with the sphere shape 800 kg detector
36
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Lot
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10

Background study

All volume

O, . ’ * .
SR . Y. - p i
Tage * A LI A
Foof E . T =
PRI 10
gl ,f"-
S T
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0 200 400 600 800 1000 1200 1400 1600 1800 2000
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____ All volume
| ==—5um shretd—
+— 10cm shield |

o WHEDBERO7ILI)X L P
Tl BN ESTHRILLT, [ |
BEAHRANERMNDILHERRS
NIz, BE Lt A R~ [ b
STEMERI SN PTLV=8. n
BEMNoELIZHERINTL 0 200 400 600 800 1000 1200 1400 1600 1800 2000
FoTWD $ Energy (keV

o EBEMS20cmd&Y REIDSEE

ZHEAIE. CDARIMZLD

2284 -105drulziNz B
MNTES

e S00KgRHHZRTHIREL TLY

BNy 59 RK~104drul%
DT TED

PMT PMT
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Expected sensitivities

Cross section to nucleon [pb]

® | arge improvements will be expected

LO4

,_
o
o)

http:#/dmtools.brown.edu
Gaitskell & Mandid
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I[] I[}' 10

WIMP Mass [GeV]

SI~10%cm? =10° pb
SD~ 1039 cm?= 103 pb

i

XMASS FV 0.5 ton year
=5 keVee~25 p.e., 3o discovery
w/0 any pulse shape info.

1

106

104

107

10-2 |

| 104 7

M
- Modane Nal

http:/fidmtools berkeley. eduy
Gaitskell &Mandig

Edelweiss Al203

XMASS(Ann Mod.

XMASS(Sepc.)

10°
WIMP Mass [GeV]

Plots except for XMASS:
http://dmtools.berkeley.edu
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3. Prototype IZ&KAHEEYEIFRREER

® CNFETHAIETHOMNT= BG AN

EIRILX—FEETIEEIC
{EBGT=H, 100keVLL T
HybrBELFELZADLILIE EAYLAHS

>

R EFIEOT LT, ITE ENYRHSH
EEPICEYIENTRILE—A
WLTF32LT, BENEICRE
D& DR T AREI1ED

1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1
0 500 1000 1500 2000 2500 3000
energy (keV) 41



> PMT

® £EH&~223kg

ST A< 2.1e-1Bq
(PMT54KIZHAREHTE D)

® MC [2&% BG EB®D

RigtY

MC APMTAU (415+:52.1 days)

|—\
p
o
)]
=3
@
o

o

]
4]

g

=Y
o

Full

20cm fid.
10cm fid.

1 -I_Ll;
| L_
M

[cpd/kg/keV]

'—l"'lI

10

i

LoF

T

L
L
L

0 500

1000

1500

2000

Energy [keV]

2500

3000

[cpd/kg/keV]

[y
@)

=
(@)
N

=YD —ILE

® 67TmmE D EELF LR (4N)

2 With copper shield

' MC PMT U (#t&t:146.6 days)

o i

Full

1

- |

S5 T

: 1:F ;

20cm fid.
10cm fid.

L:IL

N

i

.t

h, ..

0]

500

1000

1500

2000

2500

Energy [keV]

3000
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é Cu: %Cu (69.17%)\

2. Copper case 20
65Cu (30.83%)
64
» Need to check the long life RI GGgE ézl';h
generated in copper _ cu 62h y
RI T generate Main radiation from Rl

657Zn | 244.3d | %Cu(p,n)®Zn 1116keV y (50.6%)
%5Cu(d,2n)%Zn

6/Ga | 3.26d | %Cu(a,2n)®"Ga 93keV y (39%)
%5Cu(a,y)?’Ga 185keV vy (21%)
300keV v (17%)
%4Cu | 12.7h 53Cu(n,y)®*Cu keV v (%)

62Zn | 9.19h | %3Cu(p,2n)%%Zn 1039keV vy (37%)
%6Ga | 9.49h %5Cu(a,n)%Ga 1039keV y (37%),,




Count rate [/sec/keV]

» Activity measurement using Ge detector

® Detection sensitivity

BG level: <1 x10° cps/keV
Detection efficiency for 1116leV y: 3.3%+0.1 %

(sample size: 60mm dia., 40mm h)
e 2 S 3
. . BG spectrum i ~1 x 103 [Bg/kg]
lee time: 680400 sec
2e-05 | | | | i =~1.7x1071[Bq]
| ] (amount of copper is 174kqg)
1505 <le-5 cps/keV | o
5e-06 | c.f. R8778
ol - . U 1.84+0.2x1072 Bq
1100 1105 1110 1115 1120 1125 1130 Th 6.9+1.3x103 Bq

Energy [keV] 0K  1.4%0.2x10" Bq



> Krytox M FEiE
BEXEOREFTERIATYFZEEBL., T=ZEM
o BRI

e Xenon: 1.61
e« MgF,: 1.44 <:>
e vacuum: 1 e Krytox : 1.35

ERFITHIAEDLR

P 57.0deg V]

PMT I PMT
5\ Xe

MgF, K%OX




® TAMFIUN—ZFRNT, RRIC, XEDEMAERSNT=

57Co source data 1PMTta in Lig.Xe 40cc
200 _(_ | gg ;g) Krytox

R/ N NS A E HN RN SN N S S
: — i — —

21601 ................ W/O KI')/tOX (VaC) .......... .................. -J/

8 PMT
e

1401
120
100f

80F

60

40f

opft reflector

L1 ] .E ||illl||| :||E i {
O ~"100 200 300 400 500 600 700 800 900 1000 Teflon reflector

Charge[p.e.]

B Krytox can be used to reduce mismatching of reflection
Indices even under low temperature
B The light yield increases factor 2 with Krytox.

B ~9p.e./keV has been achieved with 2PMT tagging measurement.
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