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" A
Capture of low energy solar neutrinos by 11°In

@ Advantage
- large cross section (~640SNU)
R.S.Raghavan Phs.Rev.Lett37(1976)259 - direct counting for solar neutrinos
tmATEps - sensitive to low energy region
e, (E, = 125keV)
712* B128
| 1154 kev - energy measurement (E_, = E, — 125keV)
<@y | ct6ps - triple fold coincidence to extract neutrino
- A e e e e e e e e e e e — . .
e e, T sz 414 gignal from huge BG (e; +y, + v3)
= eaxtoty N , @ Disadvantage
. 3
- natural B-decay of *°In
Bray = 49k 497.4 keV B- y . >
L 72 0 (ty0 =4.4 X 10 yr , Ee=2498keV)
sn - possible BG due to correlated
ISR LT e, SR coincidence by radiative Bremsstrahlung

Requirement for the detector

15|n + v, — 1158n* + e
1158n*(4.76pus) — 1°Sn +
v1(115keV) + y ,(497keV)

1. Good energy resolution :
10%(FWHM)

2. Fine segmentation (10%-109)

3. High efficiency y detection

20094 12H18H TRIFEARFAMERRERS 3
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Possible InP detector for solar neutrinos

I nP

scintilator

m Multi-pixel structure for large area detector
m High Z scintillator surrounding InP detector detect ys

m 4tons of *°In detector for low energy solar v

Indium Project on Neutrino Observation for Solar interior
(IPNOS) experiment

20094 12H18H TRIFEARFAMERRERS



Semi-insulating InP _cell detector

Mounted in vacuum chamber

m Sl InP cell detector using VCZ-InP
wafer (product of Sumitomo
Electric K.K.)

Cooled by dry-ice (T =-79 degree)
Response for gammas from radio-
active sources

11mm squere

SiN(0. 18um)

Cr-Au ‘(0‘ 03-1. Opm) /
==

E—

’ InP (200,m)
Au-Ge/Ni/Au

(0.13/0.16/0. 5um)

Surface size:

10mm X 10mm X 0.2mm

(6mm X 6mm % 0.2/0.23/0.28/0.45mm)
Electrode :

- Ohmic contact

- evaporated Au base metal

- Insulator (SiN) to avoid leak current

2009412 A 18H TRQIEEXFFAMERRERERS 5
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Principle of charge collection

u : mobility [m2v-1s-1]

+  Vo[volts] v : carrier velocity [ms1]
E : electric field [vm1]
d

i o
d hiQXO : thickness of SI InP

S Xo : range of electron

) E=V,/d v=pE=uV,/d
drift length : La=tv=p1tV/d 7 : carrier lifetime [s]

B Induced charge : dQ = qdx/d
B Using Hecht formula,

N R
Q= ()T ) +(F) (1% )]

® For full collection (Le+Lh~d) Q=Q,

2009412 A 18H TRQIEEXFFAMERRERERS



number of events

number of events

y Spectrum measured by InP detector

e B B B
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number of events
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: : : E v
M E i e E Ny
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*. & |
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0.2 04 0.6 2 4 ] 0.2 0.4 0.6 0.8

observed charge [C] *'°

20094 12H18H

Q.. [ 0.6 08 1.0 .
observed charge [C] *'°

. ) 6 . 0
observed charge [C] x'° .

InP detector should be cooled
(-79 degree using Dry-Ice)
Clear photo-peak was

observed, but two peak
structure

Lower peak: induced charge
generated by drift of carrier
(electron and hole)

Higher peak: full charge
collection

Energy of electron-hole pair
production : 3.5eV

Energy resolution :
25%@122keV for induced
charge peak (intrinsic : 3%)
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Spectral shape and simulation

..................
4 B -

3 CCE 54/0 57C0 E
w©F *I E <
L E by 122keV v 3 -
= ’ : “h Wy hoto eak- o
S F ST S
Sab W \ {1 3
~ o m' 3 ~
72) = 4 3 22
[ = + - [
© B . E )
- Eo : >
o L , )

3 oy blas 500V3

O Eaoaa b aa s by e s a bs g 3
0 0.2 04 0.6 0.8 1.0_14
x 10
observed charge [C]

=1 1 1 I T [ 7 I T 1 1 I T 1 7 I LB I:

2V U

F :

N j \\M\ _:

/ L

T T L.
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10—14

simulated charge [CT
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8

6
4
2
0

||||‘I||' I L] I L l_
' GCE: 67%  °Ba 3

‘\ 8lkeV y 3

',“ / photo peak 3
v 3

bias:500V 3

=1L I L) .I ioi.1 L
02 04 06 08 1.0
x 10

observed charge [C]

133Ba

simulated charge [Cﬁ

14

evens/sec/0. 1fC

[e]
O[T

HI CCE: 63% 24‘Am

l lﬁ\
SN sokev

. !
i

bias: 500V

[T AT T BRI

IIII.I.ILI

| photo peak}

02 04 06 08

X
observed charge [C]

10
10

ML BLELELE NLELEL BLELELE B
- M “'Am 3
C ﬁ% ]
-l .
_i ’ i
S 3
L ]
W :
H ". .
;l;.l..l"ml...l...ll..'
0 0.2 0.4 0.6 0.8 1.0

x 10

simulated charge [C]

-14

m  Assuming,L,~200umand L,~30um, two peak structure could be
reproduced by induced charge and full charge collection.
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Optimization for detector thickness

:Z ] t=0. 2mm| = £ ’ t=0. 23mm| 0 £ | £=0. 28mm| 505 F t=0. 45mm
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€ o0 b i 80 ¢ k: 100 F 4 100 |
< E | ' 40 Al 3 t E
50 £ ) 2 F 50 E el T
PR R T S T PN R T T Y P POl N T TP I TP SR LR TR T
n
0 02 04 06 08 10 0 02 04 06 08 1.0_]4 6 02 04 06 038 1.0_14 0 02 04 06 08 10
x 107 X 10 X 10 x 10714
observed charge [C] observed charge [C] observed charge [C] observed charge [C]
E - 225 F _ E -
360 g “WH t:o 2mm z - e 't:o 23mm 200 E_ H t—O 28mm 200 F q t—o 45mm
= F ma“ﬂ s | WY s £
s F || 2 l‘] wo k) 150 F |
200 | % | “ 125 | 125 |
o | o 300v] ®F W 300V wf Tk 300V| ol 500V
100 3 i “'* ® 3 Nl‘ »E }h P
3 i 40 50 F 5O B
] t 3 | 3
- - 1 i 3 \
o ¢ 1 o F 2 E 25 E
N TR T T 0:.I..I,..I..|lhl...l... 05.-..|...|.|'a..|“.l.u o'l..l...l."ml...l...
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) % h )
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Thickness < 300um is best
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MIS structure detector

A RS «»  Hpurpose
— |—'-44 SRR :
2008 Obtain better energy
e s 000 resolution due to low dark |
M B Metal-insulator-semiconductor

MISHE 2 /ff*‘--*u (M |S structu rE)

(300 A-8,000A)

I EVE $(9i
(2, 500 A)
[nP
g Cr-Au InP(MISHEEE) 5x5%045mm
/ e . VCZ #003 TO-88'-2

(300 A-8, 0004)

0E-05
(— TO-8~" -7
0E-05
0E-05 ~ /
E=ERiRm~—7 A& 20RO /
1.0E-05 - /
—7n
0 e —T12

\\

V-l indicates MIS- o A
detector has lower dark | ™| _~
C u rre nt -WE-%-M -300 -200 -100 0 100 200 300 400
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y—response for MIS-detector

| 133 Ba

|
! 81keVy
""",\I‘\ photo peak
Ii
i
InP 450um
bias 400V

T T T T T P T T T T T

Fyog s | |.:.hﬁ'r'1“""‘vhj—*-u-l- Bl
02 04 06 08 1.0

detected charge [C] x 10~

<

14

133Ba

I
Tt 81keVy
photo peak

InP MIS 450um
bias 400V

:IJIII"‘.‘IUW&11|1|JII
02 04 06 08 10

detected charge [C] * 10

<

20094 12H18H

l 57CO
\ 122keVy

m Same charge as usual

detector

) i’ e | m Induced charge collection

! M o s50um was confirmed

MLM m Lower dark current might

eecacased <07 ot affect the energy

’ Co resolution

h W\mkew m Longer drift length (or life

M ThpM.;;m time) will improve energy

i bie:szmm'/* res_,olutlon (need much

e B uniform wafer)
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Observation of internal 1*°In 3 decay and

correlated backgrounds

m CsI(TI) scintillator : detect
radiative Bremsstrahlung
and other coincidence events
with InP detector

m Csl crystal size :
50mm X 50mm X 20mm

m radiation shield : lead in 5cm
thickness and oxygen free
copper in 1cm thickness

m 4-7 active veto plastic
counter : veto cosmic ray
muon

2009412 A 18H TRHQIEEXRFAMERRERERS 12



1151n B-decay signal in InP detector

m Observed spectrum has
different shape from the

expected one by 3 decay

of *In.

m Events with E<100keV
seem to be noise due to

the vibration

m Events with E>300keV
seems to be another

backgrounds

20094 12H18H

(=]
L)

_ number of events
T

InP

1emX1cemXO0. 2mm

10 hour data
—+ InP data
i —+ "™In p-decay
ﬁj_—l‘ simulation
+++
i
T
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U/Th contamination in Sl InP wafer

m According to BG
measurement using
low-BG Ge detector,
amount of U/Th
contamination are
evaluated by 5X10-11
g/g and 3X10tig/g,
respectively .

count/10keV/sec

—y
o

10 F

[}
[

(Ge measurement;

with S| InP wafer
no wafer

0 500
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"
B—decay spectrum with U/Th backgrounds

m Assuming U/Th
backgrounds, the

spectral shape with xXlendo m

E>300keV seems to = 16 hour data

be consistent withthe £ =+ InPdata

gm?— + nsI - + U/Th
observed spectrum. @ b T imiat o 10 /g
214Pp(E,,,,=670keV) . Ty
max ° +

214Pp(E, .., =730keV) Sot *ﬂfﬂ

212Ph(E, ., =334keV) : Jﬁ -

234Th(E, =106keV) - ﬁ e
- AnOther SOurce Of B_ %"Hcl)é”'zéd“}.éé";56”5:[:6”506”}([)6"éclyd"'gxljd"fooo

decay W|th observed energy in keV

E>300keV?
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"
Backgrounds inside of Shield

Measurement of large area Si Measurement of Csl scintillator
detector detector
: : Si detectoronly - — ‘l Csl only located
llIHHI e T e T
: 20 ||
-
1 M s
LT 3
A "l N
detected energy in Si 0[(:<eV] " detected energy in?; [k;i;]o -
No peak of gammas (B Several peaks of
spectrum of U/th?) gammas from U/Th

decay
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Observed coincidence backgrounds

m Coincidence background

» 20 :_ T 1cmX1cmXO|2nr:m 0 ;_ V\ SCmXS(;mg(:ZSlm WaS Observed.
g bias 300V 28 186keV :
Zis kb 173 hour Sk cra ooy @ Csl scint. detects external
Sk | =P J[ﬂ/ gammas from U/Th decay
N *E 1L | m InP (Si as a reference)
0 5+ '2:;5 | ;Aj o0 500 a0 00" '2:;0' ' 1*5;;' 5% kv w  detects internal/external
observed energy in keV opserved energy in Ke
Bs from U/Th decay.
oo [ ey Si | @ “N mer g | ® No significant radiative
g ;1'{; [ Jememxosmm | € ?Zh ‘Ji sadhour Bremsstrahlung from 15In
5 E‘MI e se0 HW e B decay was observed.
Zoo TR Pl I
=) Wﬂ”ﬂ"ﬂﬂ* W mlﬂﬂlmlldﬁl hahd
- mm ill 105— | .*d|"1'ﬂ| i .
o b it o o Vi TR needimore stalistics o
observed energy in keV observed energy in keV

confirm
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Uncorrelated BG for solar v experiment

m InP signal (ev#1) and
scintillator signals (ev#2
with E~116keV and ev#3
with E~497keV) within
10us Gate

m Uncorrelated BG: 5x 10°
events/day/module

= 10 events /day/whole
detector =2.0X10°
modules

m U/Thin InP wafer should
be reduced by ~1/10

materials

InP

‘ .
4"
P
-
T ’
o
Ny
b B
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New concept for IPNOS phase—| experiment

30cm cubic chamber (like XMASS
100kg prototype) includes ~10kg
InP detector

InP multi-pixel detector inside of
Liquid Xenon.
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Measurement of scintillation light by InP

Transparent window using Scintillation from Csl|
Sapphire glass crystal
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" S
Spectrum of scintillation light

m Band Gap : 1.35eV 1

bias 100V = bias 200V

corresponds to Asci. < 1 — o i
930nm l’!
m InP detector observed ;- m L) L

02 04 D06 08
—14 —-14
observed charge [c] % 10 observed charge [C]  * 10

signals from Csl :

~1x 10-15C § "k
g 1 EE‘\ signal of
m expected charge : Ly PR
5x 10°16C ¥ il lu 1w

0 0.2 0.4 0.6 0.8 is
observed charge [C] x 10
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= B
Conclusion

m InP detector observed clear peak of ys

m Induced charge due to drift of carrier (electron and hole)
generated by radiation.

m Averaged energy of carrier production : 3.5eV
m Energy resolution : 25% Vertical Bridgeman method

= No significant back%rounds related to radiative
Bremsstralung of **°In need more statistics

m Amount of Internal U/Th contamination should be
reduced by 1/10 in order to keep S/N~1

Next step : IPNOS phase-l (10kg InP in LXe)

v Low background (&low temperature) environment inside of LXe

v Response of scintillation light has been checked byusing Csl.
Must detect scintillation light from Lig.Xenon.
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"
Development of indium complex loaded

liquid scintillator

% 1 3
3 10 137Cs g irradiated
‘5 indium Quinelinol
5 ", complex loaded by
£ 102 PhCN with Naphtalene
=]
< C Hy
| ﬂlbq
10 glmrli IWI‘I

0 200 400 600 800 1000
ADC channel

m Indium-complex could be solved
by organic Lig-scintillator.

m Quinolinol and tropolone ligand
have light emission.

Requirement : 10%wt solubility
and Energy res. 10%@100keV
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