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Introduction

R/D using 3kg detector

100kg detector as 1°* Prototype
10t scale detector

Summary
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* Goal: low energy solar neutrino detection; pp and 'Be

Low energy solar neutrinoe  Plenty information for osc. parameters

Electron scattening: ¥ +e¢ =+ » + ¢ No need to calibrate 0

Oscillation parameters
from global analysis

« Rates: Homestake (ClI),
GALLEX (Ga), SAGE (CI),
SK (H20), SNO (D20)

« Zenith spectra; energy
spectra of electrons at 7
zenith angle bins (day + 6
nights) from Super-K

Even post SNO:

Need to pindown

the oscillation parameters
see Nakahata, NOON2001




Sensitivity for two neutrino oscillations
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.'; C =l +  pp neutrino flux measurement
| : (90 % C.L.) by :

“ | » 10 ton detector

» ve scattering experiment

» 3 years data

» Statistical error + SSM flux

_ error

] * Accuracy of mixing angle :

sin“20 = 0.77 + 0.03 (stat.+SSM)

I~ ™\

1| Precise determination of

|| oscillation parameters by
KamLAND and pp experiments.
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Challenge
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Expeniments wnth rare gas
are proposed:
HERCN (LHe)

CLEAN (LNe/LAr)
HELLAZ (GHe TPC)

Extreme Low Background, but QUITE HIGH STATISTICS!

Even in SK, ~13 events/day

Solar Neuwtrino
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Key idea to use LXe:
large Z-» Self shielding



* Self shuelding {(ext. v bg)
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H.O Distillation E-EEJ’ETHJLI orders of magnitude
- rechuction can be expected for
shield e energy less than 500keV
HPGe/1CPmass/NAA(not yet)
neutron + detailed MC study
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* Punhcaton (mt be

We can utilize Gas/Liquid/Solid state to punify Xe.
YKr (1,,=10.7y): ¥*Kr/Kr~2x101 ™,
1Bg/m? in air
10Hz 3Kr decays in 1 1 lig-Xe

(if 10 ppm contamination) R/D_ of |
need < 4x10'9g/g for Kr/'Xe PUHﬂCﬂtlDH
(Tfor < 1BG/day) system
“Ar (1,=33y): “Ar/Ar=3x10?%! sariead
1Bg/m? in air Tt
need < 4x10°g/g for Ar/'Xe (dls tﬂlahr:-n)
U/Th

should be < 10-'%g/g ( for < 1BG/day) >,

Xe: no long-life isotopes: longest: 7,,(1*"Xe)=36.4 days
need to study spallation products

* Neutron: shield with H.O

need to check neutron flux/attenuation



* 3kg detector
(firushed)

‘oldfinger

Vacuum vessel

Fundamental study __ . -
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* 100kg detector

(now designing)
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Since the solar neutnno signal 1s extremely small,
interesting and important physics can be mlestones.

signal o/E=17.5%
region 100keV
Max.Sensitivity
~ 3.3x10%yr
| <m > <
" 0.06-0.09eV
’ i Ovpp 8x10°* y | 50t yr,
No BG
e . except for
12 14 o . 21., |
T 2 aMeV 2 5MeV L.

High energy ~ O(MeV)
0rf88: need high energy resolution to avoid 2788 bg

Main candidate of background for solar neutnino detection,



* Dark Matter Detection
Low Energy Region ~ O(10 keV)

10°
X 30 event;/day
Em natural Xe 10t
S DM 100GeV, 10™ph for proton
.1 spin independent ( " Xe 100%)
o | ..Quenchfactor=02
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Large photo-coverage / large PMT
Need 2-phase detector?



Spin independent case
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Spin dependent case
Event rate = 2/day/10t
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m Class 1000 clean room 1n the Kamioka Mine
m OFHC LLXe chamber
®» Fundamental study of LXe/Improvement of PMT
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Teflon ® LXe & SXe
= 3kg detector cone

with LN, tank ™ Chamber
design

L a



* New PMTs have been developed.
Single p.e. distnbution

Q.E. ~30% @ 175nm -
Collection efficiency ~ 90% f’ ZK0667. -1 500KV
Quartz window/MgF, window 2
Metal tube (low background) % : L |
Parts were selected using HPGe & w rﬁﬂh
| T —
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Simulation with photon tracking
Reproducibility of laght collection

efficiency/ width of the peak ~1.6p.e./keV
Parameters: Absorption 130cm " oSN
Scattering 30cm - r_”rL‘~| p:..: = e
PTFE reflectance 96% [ FWHM-=109 keV
42000photons/MeV = 00 | 5_] [Pm’ E=7%
gives ~1000 p.e. with FWHM ?3keV=‘ | 'L'i | \
(not systematically tuned) < 1”““ f \ /h
Scattering does not affect so much. -' J 1Y
Absorption & reflectance has large b Simulation |
correlation. J o/E=4.7% | K‘

n - — o e B —— 8 L A :|-.
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wp+bottom [p.e.|
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ICP mass spectrometer/gas analyzer/HPGe
« Determine radioactive contamination

ICP mass

HPGe

Gas analyzer



* Motvation:

(@ Low background effort with new PMTs
(2 Vertex/ energy reconstruction

3> Demonstration of self shielding 277 54 PMTs are
@ e/y separation not immersed.
B R/D of purification system J

® Possible detection of 2v88 decay

* Detailed MC study:
geant based simulation
Scattening length ~ 30cm

Absorption length ~100cm

window




1.4

12

Estimated break down of Assumptions:

2. Sem OFHC (<16ppt, ¢f DAMA)

3. Parts; measured by HPGe

72 Pb shield (U/Th/21°Pb)
OFHC (U/Th ~16ppt)
Outer stainless chamber Lead shield and PMTs will be

Structure, cable, etc.  The main source of background!

. 2 MgF, window, flange

New PMT base

New PMT
(4x10-*Bq2*U/PMT)

Need to remove stamnless steel.

“DECAY4” has been used
o~ P al for the simulation:
- e e e X, Zdesenko, O. Ponkratenkd

energy (keV)



* Gamma rays from 238U, $2Th, 9K

238J: 2.4Bq, ““Th: 1.4Bq, *°K: 0.86Bq, determined by the HPGe.
* Events were reconstructed by a sumple reconstruction tool.

10

100kg estimated

- Heidelberg Moscow, Ge I

DAMA results (L. Xe)
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