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2.35% 0.02(stat) = 0.08(syst) x 106/cm?/s
(SNO: 1.76£ 0.06(stat) £ 0.09(syst) x 108/cm?/s)

(Day - Night)/(Day + Night)=

—0.021+ 0.020(stat) £ 0.013(syst)
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| SN Relic neutrinos
Past SN oo————
Burst Search e trace the history of the star formation rate
g . @ Galactic Center * produced a large number of neutrinos
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K2K

909 CL aflowed regions of B2K and SK atmy

% e ——— SK atm-v allowed region
= R
ﬂ;_Ej _— — FC+PC+UpM
o™ e Observation : 56 events
Expected Events (w/o oscillation
(/Q 80.6% 0.3(stat.)x g;g(syst.)
10~ Best fit:
K2K Results irr;]zze — %:(8)X10'3eV2
(total events and shape)
4
0 00102030405060708 09 1 Ng = 54
sin“26
Data taken so far : Proposal:
4.8x101°POT 1.0x10%°POT

= We will run another 3 years



JHF Phase |

Phase-l (0.77MW + full Super-K)
2007 (?) : earliest possibility



Sensitivity of the JHFnu Experiment

Intensity 330x1012 PPP, Rep. Rate = 0.29Hz
<Ev>=0.7 GeV, L =295km

90% C.L. sensitivities

~k

10 3x104 sin®20ye =1/2-sin?

1a

20,,

#CC = 133 v/kt/lyr ~ 3000CClyr for SK, f(v,) = 0.2%

5 years of running

Assume: Am2 =3 x 103
sin?26,; = 0.1
Signal: 123 ev
BG: 21 ev
(v,CC 1.8ev)
(nO 9.3 ev)
(Ve 11.1 ev)
4 L

sin?20,5,< 0.006 (90% CL)

0Sin%20,, ~ 0.01 ; 8AmM,;? < 1x10-4eV?




CP Violation Study w/ Hyper-K (Phase 2

« Compare vu—ve (2 years) withv,—Ve (6years)
Pl 2RV, W) ﬂm,;L‘sinZUE‘
G o P(v, >v,)+P(¥, >¥,) 4E,  sind

13
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5iNn2261:=0.01
O23=m/4, O12=1/8
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R&D
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Exposure (kton year) Exposure (kton year)

/B>1.5 X 104yr(05Mt HK) 10 T /B>1.0x 10 yr (0.5Mt(HK) 10 )
04x 10° yr SK: 20 0.2%10% yr SK 20

6.0x 10>*yr 5Mt 10 4.0 x 10° yr 5Mt 10

Theorists best bets(?): 10 1036 yr for en®
<10%® yr for uK, vK



Hyper-Kamiokande

Total mass = 1 Mton
(48m x 50m x 500m)
Fiducial volume:

39m(p x 45mx 1 0sections
= 0.54 Mton

Total number of PMTs:
~200,000 (2/m?)

| 70m x 70m x 100m x 4 units= 2.0 Mton
= (1.7 Mton fiducial : SK x 74)

add one more module
-2 ~ 4 Mton
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XMASS

Step by Step approach
1ton DM (
R&D
) back ground

)

low BG PMT
Kr-free Xenon

Isotope Separation
) Xenon Properties (n,,,)
6)
)
XMASS



10 ton

Ov2

pp and ‘Be



XMASS collaboration

ICRR, Kamioka observatory
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Saga Univ.
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Y. Zdesenko, O. Ponkratenko,
UCI, USA
H. Sobel, M. Smy, M. Vagins, S.Park



. Event Rate above threshold 10 pp and 5 "Be events/day/10ton

o vete > vte scattering ' — (> 50keV)€-> SK : 13 events day
g SIN=1 U/Th ~10-16g/g
— | | | N>103\\\\\
¢ 10 e |
§; f i e—ppv—— £ 10ton /5 yr
] “‘“ﬂ-h__
o | | | - KamLAND
L = (5yr, 90 %)
50keV 02 Fles gy pr 1 MeV 10" 4
. Serlor MNemitrioo
= 42,000 ph/M eV ,
F=so PMT 80% cov. | A
T om QE 30% LMA global
S s ,
E (95 %)

~500 p.e.@50keV

-5
10 e o b b b b 1 W L L
0 01 02 03 04 05 06 07 08 09 1
sin?(20)

Accuracy of mixing angle :
Sin?20 = 0.77 £ 0.03 (stat.+SSM)

L= 1T SO0 300 SNED S0 GO T S0 Seoan 1eiEd
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A ot natural Xe 10t

] DM 100GeV, 10 p@mr pmmn

£ 10 spin independert (Xe 100%)
| quench factor = 0.2

= PP

L e

'l;,m .....................................................
Eil'.‘l i

0 30 40 60 B0 100 120 140 1E0 180 200

energy (keV)

E., = SkeV: 2000 events/day

Eth = 20keV: 30 events/day

L

Large photosensitive area

Cross—section [cm™] (mormalised o nucleon)

5 yrs

T,

WIMP Mass [GeV]



Ov2

2vpp

104 T T T T T

w/0 smear

'c 103 1 at 100keV ———
= 20% at 100keV
2 102 30% at OOkeV ]
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Why LXe detector?

Large scintillation yield (~42000photons/MeV ~Nal(Tl))
Scintillation wavelength (175nm, direct read out by PMTSs)
Higher operation temperature (~165K, LNe~27K, LHe~4K)
Compact (p=3.06g, 10t detector ~ 1.5m cubic)

Not so expensive

Well-known EW cross sections for neutrinos

Self shielding (large Z=54)

Purification (distillation, etc)

No long-life radio isotopes

Isotope separation is relatively easy

No 14C contamination (can measure low energy)
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642-2" PMTs 76.8% photo-coverage
~5p.e./keV

r=40cm 800kg (total )
r =30 cm (10cm self-s)339kg
r =20 cm (20cm self-s)100kg

— 10 5 ke

=S 2 gl ||: 10 ke

80cm diameter ) i '

g g0 | | .
“Full” photo-sensitive 2 40
“Spherical” geometry 5 o S
q i v
Q

0 10 2% 30 40 5S¢ B0 TO &0
[pe]




External Backgrounds -

10° E
ol BG(3kg) | =
8 DM,

%q i Sl, 10%pb
T\mz II for p
3 2vBF (1,,78x10%Y)
iy —1 4
3:] F
= |
=
107

—
o

1SQ0 2000 2500 300
enargy (keV)

Solar pp-v: ’Be: 5ev/day
10ev/day

—
in© —  0-3000 keV
01000 ke
O-750 ket
. —  0-500 keV
10 _ 0-250 keV
; v rays from
10 .
238 chain
10
10*
— ]
O 10 20 30 40 BO 80 70 80 90 100

event position o icl )

+30 cm (or +20cm) self-shields
- 4m water eq.

U/Th in shielding materials : < 10-11~-10g/g

Several orders of magnitude
reduction can be expected for
the energy smaller than 500keV




External Backgrounds for the 800kg detector

 Dominant contribution is from PMT
o Assuming further 1/10 reduction of PMTs BG

external y ray (60cm, 346kQ)

/kg/day/kev v rabe (drid

107 510°
=10 ® '_E"':'H'
£10 =10 |
1
0k o)
10 '?i y w B
10 3; 10 ;!
e a) _ 10 r
10 -\ PP " 'u
10" ‘Be 10"}

10| :
'H: 1u n d 1 1 |
L to0 188 =00 =m0 300 0 500 1000 1500 2000 2500 3000
anangy (ke Bnergy (Kev)

Dark matter (108 pb, 50GeV, 100 GeV)



External

1/4
Non-thermal neutron

Thermal neutron

1/10,000
1/400

Kamioka

®., = 2.0x10° n/s/cm?

2m

PRI BORDE RSN =S




8.5x10% n/s/cm?

Calisa o of fe-d cosnfer rth C7-252

~ SHe-counter

k.
nI
LI II|T|

cpd/keV/nat.Xelkg

NARRARRAL

Py e 1 u—'l . 1

= =T S IS e e,
= = o =m am e b =1

i

. ]

i
+} - (1B - o FLAEES) T )
| ..].]L'T... A L JLNN”“MT"LH'\T"‘ o s00 1000 15|nn 2000 2500 3000

i o Energy[keV]
5cm /1,000




Internal BG

8x10-° /kg/keV/day (dru)

2x10° dru

85Kr

4OK

42Ar

39ATr

222Rn

U

Th

0.35 ppt (Kr)
12 ppt (K)

10-"Ar/Xe
1uBg/m3
10-14g/g
2x10-14g/g

Cosmogenics
Xe: nolong-life isotopes
longest: 1,,,(1?7X€)=36.4 days
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R/D using 3kg detector

| Téeflon
m Class 1000 clean room in the Kamioka Mine cone

= OFHC LXe chamber
= Fundamental study of LXe



No shield

With shield

S
T

|counts/keV/sec/(3 kg Xe)|

1

With shield
+ Bn purge

3
&

10°
102

101

E1
1

500 1000 1500 2000 2500 3000 3500




ICP mass spectrometer/gas analyzer/[HPGe
to determine radioactive contamination

HPGe

Gas analyzer



F i e [P

Development of low background PMT

__Usual electronic parts
i T ey — ] "_::;
g e "o —— : - "GlassEDOXYPCB
e — ] } R&elsmr

B B e ! - e
DECY E | 0 : : i
g BET : } capamtor ‘

Parts used for the new PMT base etc

Metal for f ; P R
PMTbulb B=—i @ | ' R
P mhu———u } capacitor (fllm)

oo ot L resistort | 555DU$§U—EUQI~:¢"¢’

BEPMTRH) l—-ﬂ-—--——' . Quartz (PMT) P I:l K—40-1461keV
Y — A ychen) —Cables 5 : ii ; DT.*”T.‘E‘.’F”.'.?.E'”“*V

T —FA-EHED _— 0
BT }:mu—i _ PCB(PTFE)

T A i u-tighfsea’ § HPGe
P TR MeF Y M—u MQF P Sen5|t|V|ty
ATALAPHTIZT B . . o Stal nIeSSSteeI U/Th ~10Bq
@ILEA R | e i Copper, hardned
: Ft G e Kail Ball<elt o (~ ppb)

b B8 | b i : ;::: _10-2
Y- PRAF AR B . . r—e3+ = Stainlessstedl | [ K ~10Bq
- APRMBHN | — . | OFHC aEH (~ppm)

- e e el |

104 103 102 Bg/PMTequiv.




New PMTs have been developed

QOFE - .30% @ _175nm 238 1.8x102Bq
Collectlop efficiency ~ 90% 222Th  6.9x10-3Bq
Quartz window 0K 4.1x102Bq
Metal tube (low backg_round) 0Co 5.5x103Bq
Parts were selected using HPGe
Low BG PMT base PMT base

better thn ~1/10 i

40K 1.7+ 2.9x103 Bq

Low Background



Kr-free Xenon

M easured contamination : Kr <5 ppb

| by one process!
Absor ption column (O(103) Kr reduction)

Kr concentration /0% purge
1% |E TR T LI T
i,e: Fordl DINE G b i

L 30% purge
ke e 0
B /50/0 purge

New development

lppm =

Produced gas

=

o

°
O

IR
il ' [Not ableto
it 1 meas.lre

lppb  Lppm 1%
Original gas

We already have 6 kg of Kr-free Xenon.



R/D of purification system
Simple distillation system for Kr
Theoretically, it reaches 1ppqg (1015).

Process power: 3kg/hr

Kr

:

LXe

il

[ GXeflow
Tower

| Purification

Refrigerators
Za P, 1
* /
Heat
exchanger I:|'I
Xe — > -
Input B
Compressor Getter
Buffer '
tank Purified Xe > Heater




Isotope separation

2vBp background for the solar neutrino measurement

Q=2.476+ 8 MeV

~1000 events/day for 8x102lyr.
(exp. > 1.2x10%yr)

b

0.08
0.06

R

0.02 1/100 raduction

events (day keV Xe-10t)”

O

02 04 086 0.8 1 1.2 1.4
energy (MeV)

If 7, (10~100) x (8x10%ly)
=>» Need | sotope Separation

For the solar neutrino measur ement,
need 2vB life time measurement ahead of thetime



| sotope

124X e 126)( e 128X e 129X (= 13OX a 131X e 132X e 134X e 136X
(0.10%) (0.09% ) (1.929)|(26.4%)|(4.07%) |(21.2%) (26.9%) (10.4%) (8.87%

A

Mostly Odd Mostly Even BB—nulceus
Separate here
Odd enriched Even enriched:containing 13%Xe

NN

=7
Solar neutrino 2vBBIOvBR

Dark matter Dark matter
Spin dependent Spin independent




10kg Xenon

124 126 128 129 130 131 132 134 136
Natural 0.096 0.089 1.919 26.4 407 21.18 26.89 10.44 8.87
136enriched(Even) 15.3 84.7
136depleted(Odd) 14.2 84.6 1.8 <0.1



Xenon properties

MIFETFFT

Preliminary Result)

+

55



MC event example

e 1 MeV
¢ (X,y,2)=(20,-10,10)
e 5452 p.e.




Vertex/energy reconstruction (MC simulation)

- Make PMT hitmaps

Make F(x, v, z; 1): acceptance of scintillation light for thei-th PMT for
the vertex position of (X, vy, z).
GEANT based simulation gives F(x, vy, z, 1)

- Maximize the likelihood

Logi)= Y Log(exp(‘nf‘)”n)

PMT

L: likelihood
u: F(x,y, z 1) x (total p.e./total acceptance)
n: observed number of p.e. for thei-th PMT




Reconstruction of the events (10keV)

0 | Ir_ I_H 10 b
."l 10keV alpha ray (r<30km) |1:|[|-J.,-|h§1": .E::},I;r-,‘-,a o ‘r{aﬂlli'j
C L 1.3keV ms IW .
W - E o e
: - 1] 2 & B A

0004 0006 0008 001 0012 0014 0016




Reconstruction of the events (100keV)

5
5 ) E | -
| E I "_I'II"'.ﬂ .:.l-'. 1
L F B10% _H"ll 100keV alpha ray (r<3pcm)
JI £ | rJr Lukﬁ RMS 0.58¢
. ) B B¥ !
f - | |
10

] ,

/| 100keV alpha ray (r<3 LLmi | || IJ[
] i 1 :

,_" l_[ 4keV rms Ll If ‘”h |_|

I 105 011 '3'-.115 0 BE 1 TE 2 25 3 35 4 4.5




Reconstruction of the events (1MeV)

_E : J|JJV L_I 1MeV alpha ray (r<30qm)
. i | AMS 0.2cm
i 1
10 F I I-|.I_L|
10 L

1MeV alpha ray (r<3 | i |
| 14kev rms "]‘ ! f"—‘
i
vk : !
U 1
R, 1 i Il

L i i 1 i 1 L
0.4 0,98 n.6a 1 1.02 1.04 0 02505075 1 12515 1,75 2 225 25
anergy (Mel}) |t wix| (E)

counits




100kg

2" B4 PMTsare
i outside of the chamber.

\

Motivation: confirm the ideas

Evaluation of the External
background with new Low
BG PMTs

Demonstration of self shield

Study neutron BG study

Internal BG study and R/D of
purification system

Detailed MC study:
event reconstruction

4y (31cm)3

window




XMASS

Ovp[3
1 10



OvBp — dedicated detector

wave length shifter







Future 10t class detector simulation)

=k
=]
L

—
=
(51

external y ray BG only

=i
=

eveni rate (dru}

—_
[

e e Total volume
uﬁ—_,;_ "u:;ﬁ:jﬁm — - 10cmwall cut

P - 20cmwall cut

T '\ 30cm wall cut (FV 2.2t)

30cm wall cut

0 500 {000 1500 2000 Egr%? (oo 0-500keV region is clean




Internal Backgrounds

Cosmogenics
Xe: nolong-life isotopes
longest: t,,(12"X€)=36.4 days

8Kr (t4,=10.7y): 8Kr/Kr~2x1011
1Bg/m3in air
10Hz 8K decaysin 11 lig-Xe (if 10 ppm contamination)
need < 4x101°g/g for Kr/Xe (for < 1decay/day for 10tons)

Ar (ty,=33y): Ar/Ar=7x101>(3x10
1Bg/m3in air
need < 2x101'g/g for Ar/Xe (for < 1decay/day for 10tons)

BAr (14,=269y):
2mBqg/ 1l lig-Ar
need < 1x10°%/g for Ar/Xe (for < 1decay/day for 10tons)

U/Th
should be < 10%g/g ( for < 1BG/day)




Spallation backgrounds
250u/day at Kamioka site

assume: most cross sections 2> (Z, A-1), (Z, A-2)
136X (8.87 %) > 135Xe:9.1h Q=1.16MeV
131X€(10.44%) > 133Xe :5.3d Qz=0.43M eV
128X e(1.919%) - 127X e: small abundance
126X e(0.089%) = 125X e : small abundance
124X e(0.096%) = 123X e : small abundance
129X e(26.4 %) 2 127Xe: EC(664keV)

133X e: B/y (81keV: 6ns) coincidence?
135X e 96% Py (249keV) > pp-v

assuming 10 mb on 136X e and 134X e
- 2events/day x 7?7
Other short-lived € correlation with muons
Long-lived < circulation and removal

|f the spallation is problem, then go deeper!!
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