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

Low encrgy solar nentrinos  Plenty information for osc. parameters

Flectron scattering»v +¢ —> v + ¢ No need to calibrate 0

NE . Oscillation parameters
&é 10 - LMA /! from global analysis
: -57 .
R - Rates: Homestake (Cl),
10 ©. GALLEX (Ga), SAGE (Cl),
o7 SK (H20), SNO (D20)
_8% « Zenith spectra; energy
10 - spectra of electrons at 7
0 ° | zenith angle bins (day + 6
n } nights) from Super-K 1
10 -
N | Even post SNO:
107 950,C.L. > i |
_12?3951 &L 8, hep o) | Need to pmd.owQ
| 10 1(‘)_4 16;3 T2 110 102 l_hC oscillation parameters |
s o B see Nakahata, NOONZOOQ




ta, Sensitivity for two neutrino oscillations

B+ pp neutrino flux measurement
(90% C.L.) by:
# 10 ton detector o
~ » ve scattering experiment
/ ' » 5 years data
. KamLAND - » Statistical error + SSM flux
3 10 ~ (5yr, 90 % 5 error .
| | = Accuracy of mixing angle :
=X+ 1  sin%20=0.77 + 0.03 (stat.+SSM)
e T h
LMA global (95 %) Precise determination of |
, | oscillation parameters by
as of NOON2001 KamLAND and pp experiments.
e | / \ J
10 551702 03 04 05 06 07 08 08 1
| - sin(2) _
' o KamLAND éontour from K.Inoue |
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Challenge

Fxtreme Low Backeround, i QUITE HIGH STATISTICS!

T. Namba
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Different energy window
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Kev idea to use 1.Xe:

large Z— Self shielding
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* Self shielding (ext. y bg)

y (UITh/K/

2 T + V
R — Fiducial volume
§ 106l —__ 0-3000 keV
Co/Cs/.. ) H g 0 . 0-1000 keV
, 0-750 keV
R i N\ PR - ___ 0-500keV -
Self s fNolong  wsp L T ozokev
shield e R | .
_ . 4 . * ,
Al b y rays from
. 238U chain
10
102

0 10 20 30 40 50 60 70 80 90 100

' event position 'depth (em)
L Scveral orders of magnitude
o / - toduction can be expected for
shiela /

energy less than 500keV

; o, B,y rays from TIPC(‘/ICPm,ms/NAA(m)t i et)
oneutron 85K, 42Ar, U/Th + ‘detailed MC study
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. Scintillation/lonazation detector:
scintillation yleld 42,000 phot(m\/MLV Nal(TI)
2. Wavelength 175 nm |

=> direct PMT readout w/o wavelength shifter
3. Self shielding: (p=3.06g/cm?, 7=54)
-> XU 2. 7cm (Xe 30cm™ 4m water)
4. Compact: r=0.92m for 10ton, r= 1.22m for 23ton

5. Cooling temperature: ~ 165K
| €~ He 4K, Ne 27K

6. Scaleup

€Le

7. Isotope separation
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One of the best isotope separation for
‘Solar neutrino, dark matter, Ovf3p search’

124 o 126Xe 128X Ji'igxe 130X o ’-"‘Xe' 132X 14X 136Xe Y. Suzuki
(0.10%) (0.09% ) (1.92%)|(26.4%)[(4.07%) |(21.2%) 26.9%) (10.4%) (8.87% .
ry
Mostly Odd Mostly Even BPA—nulceus

Odd enriched

Solar neutrino

Dark matter

. - 0 o -

Separate here
Even enriched:containing 136Xe

2vBB/0VHH

Dn_l;l\ matter

I BT _ ‘- wh o . : . ‘
Spin dependent ~ - Spm mdependent -

L) LY Y = ., > - P
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Xe reservoir III

Xe: very easy to transfer Xe from one detector to the other.
Current target

May need other

technique Y. Suzuki, LowNu
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. 3kg detector
(finished)
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Since the solar neutrino signal is extremely small,
interesting and important physics can be accessed...
« 2vBP (OvPR) decay of THoXe
v .

g ~ 'region @ 100keV
) 2t N e .
: ! Max.Sensitivity
- 153 ~
¥ | 3.3x10%yr
X £ _ 1.25 ; :
3 05 1 1.5 eergy (Mg\% | <m,> <
o | 10.06-0.09¢V
S 0.08 o7 ' , |
% 0.06 (12 05 Ov(B 8x10%y - 50t yr,
g 0.04 + NoBG
~ reduction ¢.25: Do
% o i M 5 I L - except for '
2 0 02 04 06 r;l S IR P 2\/‘36
High energy ~ O(Me\?S 2.2MeV 2.5MeV

OvPP: need high energy resolution to avoid 2vfp be

Main candidare of background for solar neatrino detection:

J (- - dg

Wy N [ r'..i ,




8LZ

activated by thermal neutrons’

‘Neutron background;

- « No neutron sheild .
10 E_ .............. ...................... ...... . — ................. - o Kami Oka mine
L 1.5x1073 n/cm?

| cpd/keV/nat.Xel1kg

Need 4 orders of
magnitude reduction

(Scm boric acid gives
3 orders of magnitude
reduction)

Pkl Retapee i : !
b

/500 1000 1500 2000 2500 3000
- Energy[keV]
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BB candidate | Q Abund. | 1/G?v6¢ | T2vP6 , | 1/GOPP | TOVFP , <m,>
MeV) | (%) Experimental Experimental | (eV)
(yr) (yr)
136X e—>136Ba | 2.479 89 | 2.07x1017 | >1.1x10%22 | 5.52x10%* | >7.0x10%2 | <1.5-
(DAMA) (DAMA) |22
6Ge—>7%Se 2.040 7.8 7.66x1018 | 1.77x10%2! | 4.09x10% |~ 1.5x10% 0.11-
(Heidelberg- (Heidelberg- | 0.56
Moscow) Moscow)
DAMA: ROM2F/2001/26
HM: hepph/0201231
| ) 2\
2 _ | OvBs ~0vBB r0vBs _ 8v aq0v68
<my, 27=1 T, G (Ey, L) Mg ——5 Mg

8 A




. Gamma rays from 238U h 232Th ‘4OK in 54 PMTs and structure

2381J: 2.4Bq, 2?Th: 1.4Bq, 4°K: 0.86Bq; determmed by the HPGe.
PMTs have been improved

PRUCL R0 2 107Bq.

SOTh 69+ 13 10 By, K §4+0.2 107Bg

- Events were reconstructed by a simple reconstruction tool.
« Neutron background should be seriously studied.

~10° E— .
E F 3k ‘ - e pee e mae s R -E
o of ; f M o
102, gl -100k estimated
%1 i ' _Waseda |~ _g T
=10 | L R
s 0  Heidelberg Moscow, Ge
& o ‘ | :
1£ Z 1L~ DLW, :
10 F
] § 3
10 |, l} ] DAMA results (LXe)
-3} " ’;
10} — — PLB 436(1998)379
10"k i R PLB 465(1999)315
s A | ROM2F/2001/26
10 .-! ?‘j;;‘ié:é:: 2w P, e = et
off \Pii: ‘
10 f-\idi |
7lE fiss elt shielding | o e e
© e L | l L.ow background frontier
0 0~ 500 1000 1800 2000 2500 3000 -
\ W energy {(keV) ‘ i |
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Self shielding is not so effectlve for hlgh energy y rays (" MeV).

PMT contains large U/Th contamination even if clean material 1s |
used.

Order estimation of the sensitivity for 2vp[
Assume: natural 10t LXe
30cm wall cut (2.2t FV) |
PMTs with further 1/10 reduction of U/Th contamination
Energy window = 50~ 400keV
Rough estimation of sensitivity = similar rate as solar neutrinos
DT, 10%y - B
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 Background around 2.5MeV determines the sensitivity.

Rough estlmate

gesaies i gmﬁ; aa,_,.ﬁ,,,,,,,,, T S T A AR

BG level @ endpomt 1x10‘4 /kg/day/keV
Resolutlon @ endpomt 0=100keV __

' Signal region ~ +20, S/~/B" 1, 136Xe 8. 9%, 1yr |
Addltlonal y/e separation - 1/ 10 BG reductlon

v

Ty = L1x10%yr

R PRy ERRR iy

<m,> "~ 0.4-0.6 eV

‘Need to tune the detector for the double beta decay detection

AT ' ' R b
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« Cubic shape, (150cm)? volume (total 10t, FV 2.2t),
« 1350 PMT (3°°, 10cm spacing)
« Self shielding + further 1/10 reduction of PMTs BG

),
o

Only external BG « Not reconstructed spectrum.
o =17.5% @ 100keV
vertex is the barycenter of
energy deposition.

event rate (dru
o

N
1
m

Total volume

10cm wall cut

20cm wall cut

JO0cm wall cut (FV 2. 20

= 21 o _
Ti 83\10 0-500keV region will be clean

dlddl b TR abhcorvatian!!
0 500 1000 1500 - 2000 2500 3000 =2 pp/’Be observation!!

S a,. Y energy (keV) Ty i
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« Utilize atom physics; identify 136Ba (decay products) by laser

excitation. |
* 0650nm
S, e ap
493nm w 1/2 X 3
Fluorescence hght o dAYiam | Branching ~30%
Sin |
. | Atomic level scheme for Ba* ion
136Ba* ion
Observe Single ion can emit 6x107 photons/sec.
fluorescence Even by the eye, one can identify the ion.
light by PMTs

493nm laser (+ 650nm)
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« Background ~ free, but to distinguish between

2vBP and OvpP, good energy resolutlon 1s needed

- Experimental challenge |
« Can reach maximum sensitivity!!
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Summary

Low energy solar neutrino = small errors for sin’26
10t scale LXe detector can observe solar neutrino signals
2vBP mode can be accessible with .
10t detector + further 1/10 reductlon of PMT background
Ovpp mode may require different approach

Simple 10t scale LXe detector = <m,> "~ 0.4 -0.6eV
Dark matter search

10 t detector with E,=5keV; SI 6™ 10 pb; SD, 6™ 10*pb
100kg detector s under constructing





