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) Directional Measurement

» Physics Motivation
Ling imaging water Cherenkov detectors(Super

Kamiokande, SNO, etc) can have directional sensitivity.
i Super Kamiokande |

® 1496 days
They can separate
solar v event from B.G.
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Liquid scintillator detectors have good sensitivity to
anti-neutrinos to use delayed coincidence.

It doesn’t provide directional information.
Observed Energy(@KamLAND) [MeV]
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electron scattering
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We want to extract directional information from the
liquid scintillator detectors.

There are many physics motivations.

1kt size detector case

1. Geo anti-neutrinos

- Search for radiogenic heat source
In the earth’s deep interior

- Separation of reactor anti-neutrinos

2. Supernova anti-neutrinos

- Early determination of SN direction

Flux[cm?2/sec/sr]
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3. Reactor anti-neutrinos ~180km, 8O0GW @95 vazaki
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£200L size detector case
Application to reactor monitor
- monitoring system for combustion facilities

- discrimination based on directional information
between B.G. and anti-neutrino

In the first stage, we target the
development of ~200L size detector.




» Detection Principal

@ inverse B-decay

Vetp—¢€'+n

This reaction is tagged by
delayed coincidence.

prompt : e signal
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delayed : neutron capture signal
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prompt e* position

1 correlates well
with Vedirection

i e
Ve )
T

delayed neutron capture position

problems -

- Current liquid scintillator doesn’t have the sensitivity.
- Vertex resolution of PMT(~10cm) is not enough.

(The required resolution is about 10mm.)

To solve these problems, we aim at
developing new measurement technology.

[A Li loaded liquid scintillator
[ Imaging detector



) Development of Liquid Scintillator
» Reaction in Liquid Scintillator
» Neutron Capture Nucleus
»Li loaded Liquid Scintillator

» Performance Estimation
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© Development of Liquid Scintillator
» Reaction in Liquid Scintillator

(0.511MeV)

Ve

4 > P)..... Q? .............
AT=200psec . 0
A e " Q=4.8MeV :
2o r > \ d AT=20usec .
. . . 0.1 t%
thermal diffusion n” dé|ay56\’(vj gi)gnal
40cny y
delayed signal 2.2MeV)

Problems introduction of neutron Improvement
1.directional data is capture nucleus o

lost due to the thermal |candidates:©li 0B 1.minimize the thermal
diffusion. Jlarge neutron diffusion

capture cross section

2. v -ray travels 40cm _
¥ (n,a)reaction

2.0-ray can't travel long
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» Neutron Capture Nucleus

e Candidates

xTH 0.3barn

(D'9B(3835barn)

n+O9B—= "Li*+X(BR=94%,Q=2.3MeV)

Li1*— L1 +V(E,=0.48MeV)

n+O0B - "Li+0(BR=6%,Q=2.8MeV)
(2°1i(940barn)
n+%L1— o+2H(Q=4.8MeV)

(see annotations)

2

£ £

(a)Ew[ev/(day MeV)]
- (b)flux[108/(s MeV cm?)]
(c)cross section[10-43cm?

(a)
(c)

E. (MeV)

e Simulation
- reactor anti-neutrinos

energy range

- heutron

Kinetic energy < 100keV
On < 55°
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5L or 1B
€neutron capture point
e+

v‘f’reconstructeg point
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the thermal diffusion

large neutron capture cross
section is effective in minimizing

(n,a) reaction is effective in
holding the neutron capture
position information
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#neutron capture point #angler resolution
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» Development of Li Loaded Liquid Scintillator
eprevious experiment

Bugey (1991~1992)

They observed reactor anti-neutrinos | =
using Li loaded liquid scintillator, NE320

NE320

- 5L 0.15wt%
- psudocumene base

-~ 85cm

v

- chemical instability led ~1% daily loss of

-

detected light

We have to develop in our original way.

15



e| | combound Natural Cross
P SoepE Abundance| Section

- Only °Li is necessary. 6Li | 7.59% 940
Li_ | 92.41% | 0.0454

- Firstly, we tried to develop Li loaded liquid scintillator
without enrichment.

—couldn’t get good result.
low Li concentration, low light yield, no long-term stabillity, etc.

- Now, we already have enriched °Li compound.

* 3509 (we can develop small size detector, ~200L size)
*6Lj is commercial available.

- For large size detector, ~1kt size
* We can employ an establish method by
crown ether.

0.5~1.5% enrich by 1 pass

16



eHow to dissolve Li in LS?
-behavior of Li component

(D insolvable in oil ’mix organic solvent and Li compound
@ solvable in water aqueous solution with surfactant

*surfactant : Triton X (product name) —
HsC/\/\/\/\@/ \,f\ EI/

@PPO

hydrophobic group  hydrophilic group @pseudecumgsgg compound

+water

Polyoxyethylene(10) Nonylephenyl Ether (POE),  + surfactant
*L| Compound LiBr

_g_g 14 180. 89/1009 water

® = .

S v ‘Li solubility

o °;

o & |

O 4 exposure to
50 ultraviolet light
_ i (i \g

— Qi

_g 9 3 & § \We have developed the 6Li loaded
~ VAN LS by the original method.
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*Progress of the method

- toward 200L size detector(70cm G ebﬁ ortion of KamLAND LS

PC POE SLiwt%] | [cm@400nm] [%]

2.0

target value - - 015 =70 =100
NOT 1.04

ot lermats 50 50 0.078 64.6 46.1+0.4

sion -

M enricn| 80 | 20 | 07| 1387 122¢08°

- Necessary quantity of Li water solution is tenth of
not enrich case.

- We have confirmed more than 2 years stability if use
enriched CLi.
ref) NOT enrich case, <4months
NE320, 1% daily loss of detected light
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» Performance Estimation

e Time of Fright

*We want to measure neutron capture event in the Li loaded LS.

- check peak on energy spectrum

- check capture time
*How to measure

- 252Cf (neutron source)
252(3f

0142/
,,0.043 / k o
o 311A>

Spontaneous Fission

N,=7.8 emitted at the
N,=3.8 Same time

Intensity(ARB. UNITS)

1 2 3 4 5
Neutron Energy (MeV)
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- Setup Li loaded LS(2.0L)

252Cf
1 vy or neutrgn Sinch PMT (far)
Y B P
LSL < >%
50cm
* LiLS : °Li 0.08wt%
2inch PMT(near) (half of target value)
Y
2inch PMT _V
v or ﬁeutan prompt : y or neutron
5inch PMT | V O(+3H recoiled by proton
|/ delayed : 6Lj capture event
——__ .t (capture time)
~20ns ~ ref) ~50usec(simulation)

ref)?>2Cf neutron ~ 2.5cm/ns

20



- result

*delayed signal energy spectrum

3500
3000
2500
2000
1500

1000

500

1

[ [ |
200

| | | |
400

| | | | |
600

1 1 1 1 1 1 1
800 1000 1200
Delayed Energy [keV]

QG

We can see clear peak of
neutron capture event.

n+°6Li -+ 3H

Evisible ~ 600keV
ref) Ereal =4 9MeV

250017
2000
1500]
1000

500

*

capture time [zt 1017717

Constant 1446 + 9.9
Capture Time 56.84 + 0.31

160 180 200

20 40 60 80 100 120 140
Capture Time[u sec]

capture time
56.84+0.31usec

ref ) current liquid
scintillator’s capture time
~ 220usec

21




<’ Imaging Detector
» Outline

» Initial Development

» Measurement Result
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@ Imaging Detector

» Outline
-The required position resolution is about 10mm.

-Precise measurement of energy deposit point with
Imaging devises. S
(e.g.image intensifier(l.l.) and CCD camera) tm2din

scintillator ~ optics T CCD image data

g result]

g ‘N
_.i..l'l' A
. o =l 350

™ muon track
*advantage : can fix vertex with only 1 direct photon
*disadvantage : photon collection efficiency is low(0.31%)

small size detector—need several |.l.s and CCDs
large size detector—plan to use another device
e.g.) avalanche pixel photodiode

23



» Initial development
* Image Intensifier
-We borrowed large diameter |.I. from SciFi experiment,
and use it for initial development.
(It has not been optimized.)

257

>

Anode Electrode (2.8kV) Power Suppy
Focus Electrode (0.66kV) { /Phosphor Screen (P-20)

\_ \ Y

' IJ — E”ﬁj é
Photo Cathode \MICI‘O Channel Plate (MCP, 25mm ¢)
(Bialkali) Photo Cathode (Multialkali)
Flber Optic Plate Phosphor Screen (P-11, 25mm¢)
(100mm o) Anode Electrode (25kV)

Focus Electrode (1.35kV, 3.4kV)

- acceptance surface(bialkali) 211mmdg

- amplification mechanism (2stage)
signal gain ~10°

- quantum efficiency 12% @420nm



CCD needs trigger to release the shutter
— use PMT's signal ~20psec

|mproved product promptA | delayed

eCCD camera

*for initial development — i 1. phosphor
- 5 screen emission

dozens nsec%fﬁ
trigger from PMT

+dozens psec

dozens HSGC—" i delay for exposer
” ” time fixing
< 15usec ~ ff
¢ s _,I.l_ AT | 1st exposure
: 300nsec —>» <« | 2ndhexposure
- flushing time < 1usec ! 155 mees !_
- exposure time > 33psec L 150 nseo
- number of pixel 5 1
480(H)x640(W) L L 9o
*We also have fast readout CCD
we can not detect | : (within 300nsec of each picture)

prempt en(_j eelayed We are planning to use it to detect the
signal individually. : neutron capture event in the °Li loaded LS.
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* Liquid scintillator(LS) | .I.+CCD camera

pseudecumene : organic solvent
PPO(5.0g/l) : scintillating material
bis-MSB(0.1g/l) : wave length shifter

*A:370nm—420nm
for increase in light

. 6cm
transmission and
quantum efficiency. 6cm

*Optics
- Achromatic lens
focal length : 60mm
diameter : 40mm
- photon collection efficiency
0.31%(@center)

*we need several systems.
- resolution 0 < 3mm

26



» Measurement Result

*60Co bright spot measurement
Trigger for CAMAC and CCD camera is left and right PMTs coincidence

Level.

T“gger signal —
Del :
E -1 Fan _l_) elay
:.,w. | ',"m/OUt_l_) — il | 2
0:[l.1..CCDH; _|_+: . |4
__ 6
G’Ptlcs ................. /
Delay i
veto G.G. [« 4

1200
: £ +3 L
°1ooof O —11502
s = 2 :
£ go0l 0.55 MeV < E < 1.0 MeV > 1100S
i Number of selected files = 3174 1 1050 B 2
0

o o] bright spot™ |1

a0l y 950

900

200~ 2
850
%' 02 04 06 08 1 12 14 6 18 2 -3. 2 -1 1. 2 800
Energy [MeV] -3 0 Xcmk +3
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%0Co y-rays(1.173MeV, 1.333MeV) are collimated by Pb.
—\We determined whether bright spots changed with $°Co position.
top case : bottom case

collimate line
% Ytop-Y bottom=2.0Cm

Z_ (1cmx1cmx5cm)
""" 01(1.1.|CCD

.1.|CCD

ocm liquid scintillator(LS} ocm

28



%0Co y-rays(1.173MeV, 1.333MeV) are collimated by Pb.
—\We determined whether bright spots changed with $°Co position.

top case

acm
collimate area bright spot distribution in the LS

CCD

collimate line
Z_ (1lcmx1cmx5¢cm)

..... I i
6Ccm

liquid scintillator(LS}

: bottom case
; % Ytop-Y bottom=2.0Cm

Charge / 0.415x0.415 mm?

CCD

Jitezas] ... 1.

50Co@ ”I6cr91
— 3cm
5cm

+3

c

O, of

>

Charge / 0.415x0.415 mm?
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top & bottom

AN

£ 14000-

8 12000
T 10000
8000~
6000
4000~
2000~

O__

Charge/ 1.66

y
/0/77/

We can separate clearly.
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o Application to Reactor Monitor

-at Kashiwazaki nuclear power plant, there have already been vertical shatt.
-1500 veevents/day (200L size detector)

1. We will explore possibility of directional measurement at
16m under ground.
2. We are planning to try to measure above ground.

Li loaded liquid scintillator has good resistance for B.G. event.

~3.3GW

E‘eactor ~20m

ground level

No.2 plant i

depth
~16m

S diamet

AN A

~ ~3m

~
N

detector

- N
M _bédrock

6Li loaded LS

e%Li 0.15wt%

ecube 70cm

on a side :

(200L) ':_?
wrr T Y @14 RN
oy (@l
optics /-

Image Intensifier+CCD camera
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oSummary

»6Li loaded liquid scintillator can have good directional
sensitivity.

-Li LS

» We have developed the °Li loaded LS by the original

method.
» If we use enrich °Li compound, required performance for
200L size detector has been achieved.

- Imaging Detector
» We checked position resolution using I.I. and CCD camera.

- continue to R&D for prototype detector
» We are trying to explore possibility of pals shape

discrimination.
» We want to measure energy deposit points in the °Li loaded

LS with imaging detector.
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) Performance Estimation

» a-quenching factor

*\We want to know the  *How to measure

a-quenching factor for "Zﬂj‘ded 22?5” nLs
measuring delayed -<1*Po—<1"Pb : a-ray(7.687/MeV)

signal. -214Bi/?*Po delayed coincidence

prompt 222
. Rn
signal @ 3.824dav e

a !
5.490MeV .

Ve > P/\ - 218PO o — ----- 214P
3.10min v JQ4.3ugec
2 a 214Bj a
/] 6.003MeV / 19.9min [\ 197,1.51:3) [ 7.687Mev
0br

delayed 219Pb |/ 7, ,/210Pb
signal 4 .8MeV 26.8min 0'73M‘?\./.2..1.0Y;|._.I--: " |22.3vear
a 1.9MeV 1.30min;”

SH 2.9MeV
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e result

delayed event

prompt event g . mean
E 0.517+0.0011MeV
E 210°E
- e
E 7.687 Me
o ?14Po a-ray|
Ene'rgy[MeV? 10_20 | ‘1.‘5 2 | 25 |
EnmgﬂMeV]
dT Moan - a3 .
£ ,half life cer zsaen | *214Pg g-ray quenching factor
§ € "o _ 243.2+3.7 LILS 1/9
. + offset 10.87 + 0.564
) 1 68.54 (Zre?ﬁia soc) (ref. KamLAND 1/14
ol H pseudecumene : dodecane = 1:4)

L&
1070

200

400

600

800

1000
[usec]

*high rate pseudecumene
minimize the quenching effect
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canS arate clearly.

Charge/ 1.66x1.

. . ] -3 - -2 - . .
X axis progection Y axis progection

0_

o
o
T | LI

-100—

-150

colimate area colimate area

Events/ 1'.6681 .66mm2.

Events/ 1.66x1.66mm?

-200




«13/Cs measurement
We checked if lower energy event was taken by

CCD camera.
- 187Cs y-ray 662keV

setup

.|CCD

vertical pixel

700

% 100 200 300 400 500 600

horizontal pixel





