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" J
Capture of low energy solar neutrinos by 1°In

@ Advantage
- large cross section (~640SNU)
R.S.Raghavan Phs.Rev.Lett37(1976)259 - direct counting for solar neutrinos
- sensitive to low energy region
(E, = 125keV)

T=4.76 pus
€4

| 154 key L energy measurement (E, = E, — 125keV)
f; Y [— - triple fold coincidence to extract neutrino
01" e ——, < vz 4974 gignal from huge BG (e, +y, + v3)
= eaxioty N\ ; @ Disadvantage
W - natural B-decay of *%In
= 497 4 keV
TN B B (1, = 4.4 X 10% yr , Ee=498keV)
= - possible BG due to correlated
. O coincidence by radiative Bremsstrahlung
Requirement for the detector
115|n + ve — 115Sn* + e- g
1155n*(4.76ps) — 115Sn + 1. Good energy resolution :
v1(115keV) + v ,(497keV) 10%(FWHM)

2. Fine segmentation (104-109)
3. High efficiency y detection
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" A
IPNOS phase-I experiment for Solar v
experiment

InP multi-pixel detector inside of ~ Socm cubic chamber (like XMASS

"y 100kg prototype) includes ~10kg
LU SRR, InP detector

BIXX /DD FL—2a 88
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EVE L4 f_[fh\
; Ti-Pt—Au

(300-150-5000A)

<«— AuGe-Ni-Au
(1000-100-6, 000 A)

\TO—SN‘ -

n HZ AR/ DU TFL—a N DREE
HZ5ENDHD
m AU/CrDEBDEAH100A (VCZE!) E50 A

(VBE)D 1R 25 %l F
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1 -_—
SEEEBEINWPEREBEERNVCDIZEDUUF
L—< a3 3tEI5E (1)

n NS \\
| Slg ’rjl I\ Measurement of Csl scintillation using “'Am o
F A

4

Qﬂ Si InP
22000photon/MeV x 4MeV £ |- Z¢
Bl = Ay o f LM
X 0.4 ALIAF) X0.8(EFHNE) .|| :
x 1-6X1O_19C :4.5 fC | D;_l I l\![! ‘[milu ICI1I15JI|ID2 0 Obél I L0I1I I Ifl.)l1éI l ‘02

m |INP detector

22000photon/MeV x 4MeV X 0.25(3Z{Af) x 0.8(EF )
X 0.85(ATADEIEEE) x AuDFEiEZHE X Cro)iFs a5
X 1.6x101°C N

JARITRBTINS
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—14
detected charge [C] * 10

102

10

TFE

Subtracted
Ty 2 5 g
'1. scinti. light
t

|'f

A
L1

0

0.06 0.1 0.16 0.2

-14
detected charge [C] * 10
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0 0.05 0.1 0.15 0.2
g x107"
detected charge [C] %

bias voltage : 20V

Csl scmtlllatlon light
generated by “Am o
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IREMAINPELHZF(VB)DIEE

O Vertical Br|d995£':<4: 103? ™ "Co ‘0“— ' Ba
HInPtEHZF(AUS0A/ -

Cr 50 A ) 0 | 102_ M’Mﬁﬂﬁww

N
" NEE R
LA RELY el L R "
Detected Charge [C]  * 10 Detected Charge [C] * 10
(4.5e7Qcm — 6.4e7Qcm ) v BRI
o, m nP ST wafer produced by
EERANSEY, /

|
\\bs\ D S (3 i 2
\ s}j /J\ i Area : 36mm
/rx Y/ g ./ 10 | Thickness : 300 nm
Au/Cr : 50A/50A
- |

EPD 75§ /J\-C‘:L\ g |H NI bias voltage : 120V

0O 002 0.04 0.06 0.08 0.1

(5000cm2 —15006Mm2) oo

KR EMELLY, 120V CHE— % £
NEERENRE (D EREEDTNE)
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" S
5 2R

n EREEBEINPEEHIF(VCZ)ZFFE (Au100A/
Cr 100A)

BRI K BB EITHEE Bk
5.4MeVafR Sk BCsIv o FL—iar D ERE
HIEETE A SN TG A oT- JARXZLY
50A DEBENHE
- %ﬁ%ﬁi@ﬁln%ﬁtﬂ%%(VB)’&EEWE(Au 50A/ Cr
BNATRAEETHLEENTER
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Au/CrE 0118 ZE@550nm

Au

Coefficient of attenuation factor
Coefficient of attenuation factor

\.

0 P M L
0 100 200 300 400 500 600 700
Wave length [nm] Wave length [nm]

t=exp(-ax) t:EBEE x:EBE a: RIVERE
a=4nk/ A

...........

0 100 200 300 400 500 l(i 00

\¢
Vaj

100 A : t,,=0.57 t,=0.36
50A : 1,,=0.75 1,,=0.6
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S
Il

356keV y

! : 356keV y | . "\

10 3 102§r /
4 | o
'fu

I I Fipy

- . - S E— 104 :
29keV v 5 185 122keVy 57 . 8lkeV) 133
103k ‘“‘*_/‘--"\ t " Co 104} 81keV Ba 1°2§ﬁ| — 0T TCo . . Ba
: 103 i/ - .\ 10° "

[ L
Lo b oo b oo o bo oy Ea ol

g il
o B I R A
0 1 0.2

I 1 1 I L1 L L L L 1 Ll 1 l LA A L l Ll L 1
0.3 0.4 0 01 02 03 04 0 o1 02 03 04 0 01 02 03 04
- \ x 107! : \ x107 ; & w10 12 : - %102
Detected Charge [C] ¥ Detected Charge [C] Detected Charge [C] Detected Charge [C]
60keVy 241 60keV v 241
A Am e

102 \ C

| 102

l bias voltage : 300V _
1 cooling temperature : -79°C - | bias voltage : 400V

10 cooling temperature : -79°C

Aty 100A/100A [ S

!Illlill lthlllllllllll
0 0.1 0.2 0.3 0.4_13 0 0.1 0.2 0.3 0.4

Detected Charge [C] * 10 Detected Charge [C] % 107
AUORRIZEDANTMIVBIETIE. HEEDMEREEE B
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HZERBICIVbSh-fRHE

m FRESIESR VCZE-
VBiEIZEKDFHEEZEE InP
F B {RER

m SEMARMN=ORFHIME
RSA 74 XAH(-79 °C)

11mm squere

SiN(0. 18um)

- :

Cr—Aul(O. 03-1. Opm) /
' =

10mm

InP (200pm)
Au-Ge/Ni/Au

(0. 13/0. 16/0. 5um)

Surface area :

Electrode :
- Ohmic contact

emm X 6mm X 0.3mm

- evaporated Au/Cr base metal
- Insulator (SiN) to avoid leak current
- thin Au/Cr 100A/100A 50A /50 A
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BERIREDRHE
E +  Vo[volts]
llie
d hi%\z(g_

drift length : La=tv=n1Vy/d
B ZETER . dQ = qdx/d
B Hecht formula,

HLer

i

i Ly
Q Qﬂlllﬂ |, E_"|+ _ul

: mobility [m2v-1s-1]

: carrier velocity [ms™1]
. electric field [vm=1]

: thickness of SI InP

Xo : range of electron

O m«<™E

E=V0/d V=],LE= LLV()/CI

7 . carrier lifetime [s]

[.l . E‘{d';.:{- )::

B EEMUE (LetLh~d) Q=Q,
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S2F W i E & sk . E e } photo peak 3
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[ 1 - {wm C - } )
D) = (] = o E ot 3
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TENEN EREE R LY R 0 rea d o g by T | - 0 Eoo o ot oo boa 1,09
0 02 04 06 08 10,, 0 02 04 06 08 10,, 0 02 04 06 08 10,,
x 10 x10° x10°
observed charge [C] observed charge [C] observed charge [C]
L LN IR BLELELE UL WALELES B L NS BN R AT Bk L BT
1 f‘” 0o * : fﬂ "“Ba : 3 ﬁ' “'Am 1
E E : | ] C ‘l ]
C \ E / W 7 -1 E
- E Ly : ! :
- \\ - o ; T E
C =) 1 - C ]
E: / ah‘\ 2 ) \\'ﬂ\' 1 w V\; g
C ol I r! b
C | Hi \ 1 rf ! B
J \ E E \ E g ' ]
P T T . T B N 1 ] b N L s e L]
0 02 04 06 08 10, 0 02 04 06 08 10, 0 02 04 06 08 10,
. x 10 ) x1 x 10
simulated charge [C] simulated charge [C] simulated charge [C]
=5 N hi N =
n BEFORYIFEL~200umER—ILDRY TRE L, ~30umZ{R E

§5E 2E—OEENZIaL—avItLBHER
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2 —d~14 L HE
57 104 I E 241 1045_ 241
105 g‘..l%\ N ‘Co llﬂ;}Ba E o Am ? P Am
. ‘. 103 ﬁ\‘ 1055-- bias 30V 105;_ bias 50V
102 ‘| : 3 ] ‘
F1 I 102 2 102;— gt 102_ +
L : S .
10 =J | f *I L
] 10 10 & || 10 | }
S TR s R R S AT T T
0 002 0.04 Q.06 008 0 1_ 0 0.02 0.04 0.06 0.08 0.1_13 0 0.05 0.1 0.15 0.2_1‘ Q0 005 0.1 0 15 02 .
Detected charge [C] X 10 Detected charge [C] X 10 Detected charge [C] ¥ 10 Detected charge [C] X 10
. 24lp 0 3 “lAm .
" 103k bias 100V VCZ‘— tt&-t‘
Vertical Bridge (VB) F e, -
wE o ES/AXH
area . 6mm times 6Gmm E ! ==
thickness @ 300 pm t
10 &
bias voltage : 100V 3 H‘hl /J\fd:l!\ |
e b il T
0 0.02 0.04 0.06 0.08 0.1 0 0.05 0.1 0.16 0.2

-13

Detected charge [C] x10
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Motivation
Allowed region obtained by Survival probability for solar
combined results and KamLAND matter oscillation below 1MeV
- T ] Y.Suzuki@Neutrino2004
. KamLAND it
/N 5% CL | 10 . . .
— N or%eL | 1-(1/2)sin220 (@) ame: fix
E 107 N Lo tﬁ? tan2g=0.25
[} E I|:E' - ‘:l T q'ﬁ : tapi= I;IEE_‘:_—--_
g =1 0066
Solar :r 0—
N 02 | |tan’6=0.58
— jg.?}%LC.L. E  [Am=7.-2x1070V sin<8
* best fit o0 E P - R
| Lol A | 0.01 0.1 1.0 10 MeW
10! 1 I
R Neutrino ener
tan’0, eutrino energy

Emixing angle 6,, is not well determined compared with 6,5 obtained by Atm. v.
mSurvival probability could increase at 5MeV or less in case of LMA solution,
and the value of probability depends on 6,,.

pp/’Be solar neutrino spectrum gives us precise 0 ;,
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observed charge [C] ™' observed charge [C] *' observed charge [C]
I ‘EE 'E
2000 e 3 2000 ey — 3 20 prTpTTTTTTTTTTTTTT 3
1800 B —; 1800 ;— | _; 1800 ;— _;
EmE™M o E R 3 _arh
60 = “ —: 00 :-— —: 1400 :— —: ]
3 1200 = f E 1200 B N‘I' 4 e B q'i‘:l E E
R S E I S E 3 i

5 wE bias:200V § s E '\,; bias:300V] sw b bias:500v4 - ——

fop jo0 % ‘o0 % 1 = High Q peak: £ EBfULE
e e D s m BRTh— LD EH &R
S IS I ST I 2 ; IARJ)LXEX—:35eV
I T
‘n_‘%: “ bias:ZGOVZ% :‘l\ bias:300V A\ bias:SOOVZ% = I*)L# 7] ﬁq: AE.

an I ] Cf % 25%@122keV (intrinsic

FE WP L SPIPR WP ORI B R TR SRR Y I PO L TP TP T PSP D
04 R 0 032 04 0.6

. 4 J J . [ 14
d ch [c] x* b 2d charge [C] *1° observed charge [C] *¥ N f
o resolution : 3%)
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x 10
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R INPHE S DERET

Imm I mm lmm

1.5mm 1.5mm 0.5mm Imm Imm 0.5mm

INF—A IN3—2B INF—>2C

mis - 6mm X Bmm

[BFE 0. 2mm . 0. 3mm

T (FE): Cri100A Au 100A

TEHE(Z): AnGe 1000A Ni 100A Au 6000 A

Ay a B ANF—2  HOZE 50%

1.5mm 3.0mm

1.5mm I mm
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e
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bias voltage : 300V

Csl scintillation light
generated by “Am o
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