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Advantages of Scintillating Fiber Camera.

Fast Neutron Dosimeter in Space

1. Scintillating fiber camera can measure scinti-
llation yield along each particle passage and,

using the result, we can get LET distribution in

the camera.

2.1 * y discrimination is possible for neutrons with

energies higher than 2 or 5 MeV.

3. Particle identification between protons, helium

1ons and carbon or oxygen ions is also possible.

4. From these properties, scintillation fiber camera
can be used for measurement of dose equivalent
in space without help of neutron energy

spectrum,
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Outer scintillator is utilized as the anti-detector.

. Neutrons are identified from gamma-rays by pulse shape
discrimination method.

- In the case of (c), (d) and (e), neutron events are rejected.

. Contribution from higher energy neutron will be underestimated.

Schematic views of signals produced in Phoswich detector




Acrylic frames A & '

Large scintillating fiber stack (Large SFS)













Effective volume
25%25%50 mm?

Image intensifier

Clad

Core 0.25 mm

- System : a scintillating fiber stack, two image intensifier units and two photomultipliers

- Scintillating fiber stack : consisting of 0.25 mm square fiber,

each fiber layer perpendicular to each other

- Image intensifier unit : 40 ¢ effective input window, two-stage type with the CCD camera
- Photomultuplier : triggering signals for image intensifier units and DAQ.

» Two 2-dimensional projections are viewed by two image intensifier units.

System of the small scintillating fiber camera







~ Properties of SFCs”

Fiber size

500 1 m Sauare

250 u m Sauare

Effective volume @ SFS™™

50 X 50 X 50 mm?®

25X 25 X 50 mm?

Threshold energy
of n-y discrimination

5~ 10 MeV @ trig. of 2 PMTs
~ 2 MeV @trig. of 1 PMT

~ 5 MeV @ trig. of 2 PMTs
~ 2 MeV @trig. of 1 PMT

Non-effective vomule @ SFS

Scintillating fibers

Scintillating fibers

CCD pixel numbers

768 X576

384 X 288

CCD pizxel size on the
input window of I.I.

132 1 m Square

110 x m Square

CCD frame rates [Hz]

25 Hz

25 Hz

*SFC : Scintillating fiber camera ( = SFS + Image intensifier unit)
**SFS : Scintillating fiber stack




Last of beam tests

Particle Energy Accelerator facilities
“Ar 650 MeV/n HIMAC" @ NIRS?
neutron Li(p,n) 'Be ~ 66 MeV Ring cyclotron @ RIKEN®
D-T neutron » 14.6 MeV Van der Graaff @ ETL"
D-D neutron - 5.0 MeV Cockcroft-Walton @ ETL

1) HIMAC : Heavy Ion Medical Accelerator in Chiba

2) NIRS : National Institute of Radiological Sciences (in Japan)
3) RIKEN : Rikagaku-Kenkyujo, Institute of Physical and Chemical Research (in Japan)

4) ETL : Electro Technical Laboratory (in Japan)

New name : national institute of Advanced Industrial Science and 'I'echnology (ALS'l")
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Energy sp%ctrum of neutrons from p-7Li reaction.

70 MeV protons were bombarded.




Cosmic muon (500 » m) @ HIMAC

1-—24
5 -~
0 --74

75 --99
100 -~ 124
125 - 149
T
file = 300
divide o = 25
thimoni, hough edge) = [, 1. 0.30

9 ,i . X o=l x end=576
e vy o=y end= &80

full=1171

¢ I mas =2 x2 pixsl, TOF 0.2 [MaV]

i _ ovent no = 51, {163 167) L{68 72)
f g light yield = 49092, 26449, 22643

- , no p{moni)>={ 1)=823, 436, 387

F < no.pl hough)>={ [=523, 436 3187

lighe / pixal = 59.65, 60.66, 5851

v ; QL2.T,142: 790,959, 13227, 874

' angle 0.00 0.00
* % t_angls 0.00 0.00
range(mm) 0.00 0.00
v recoil{deg) 0.00
. pot(MaV) 0,00 0.00
1056 nect{Me V) 0.00 0.00
L/R{/mm) 6.00 0.00
kata 0.00 0.00
mppen 0.00 0.60

Penetrating proton, “’Ar 650 MeV/n (500 » m) @ HIMAC

1--2¢4

25 -~ 49

50--74

75-~99

100 -- 124
. 125 -~ 149

150 -~ 255
file = 300
divide_no = 25

th{moni, hough.edge) = 1, 1, 0.30

x 0=0, x end=576
yo=0y end= 480
. . .o 1mas = 2 x2 pixel, TOF 02 {MeV]
1 A AR e e PRE———| uont no = 133, U(142 149) L(90 94)
. light yield = 80349, 38255, 42094

- no.p(moni)>=( 1)=1019, 489, 530
Ld ‘\-N | . : no p(hough)>=( 1)=1019, 489, 530
: el N light / pixel = 78.85, 7823, 79.42
01.2,T,142: 280, 389, 13513, 334

angle 0.00 0.00
t_angle 0.00 0.00
range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00
82 neut(MeV) 0.00 0.00
L/R(/mm) 0.00 0.00
kata 0.00 0.00
909 seppen 0.00 0.00




Recoil proton, proton 70 MeV, "Li (p, n)"Be (500 » m) @ RIKEN

full=11801

th{moni, hough,edge) = 1, 1, 0.30

xo0=0x end=576

yo=0y end=480

1 mas = 1 x 1 pixel, TOF 0.9 [MeV]
event no = 943, /(245 309) L(413 488)
light yield = 173557, 73084, 100473
no.p(moni)>=( 1)=6231, 2578, 3653
no.phough)>=( 1)=6231, 2578, 3653
light / pixel = 27.85, 28.35, 27.50
Q12,T.1+2: 2135, 1901, 29394, 2018

1660

angle 3.81 37.81

t_angle 191 2121
range(mm) 19.54 21.73
recoil{deg) 21.18
prot(MeV) 46.88 49.73
neut(MeV) 5392 57.19
L/R(/mm) 888090 7986.07
kata 0.02 0.70

seppen 614.09 -346.70

“Ar 650 MeV/n (500 » m) @ HIMAC

1--24
25--49
50--74
75--99
100 -- 124
125 -~ 149
] 150 -- 255
file = 307
divide no =25

th{moni, hough,.edge) = 1, 1,0.30

x 0=0,x end=576

 0=0,y_end = 480
1mas =2 x2 pixel, TOF 0.2 {MeV]
event no = 430, L/(160 200) L(43 76)
light yield = 383736, 151234, 232502
no p(moni)>=( 1)=4511, 1939, 2572
no.p(hough)>=( 1)=4511, 1939, 2572
light / pixel = 85.07, 78.00, 90.40
Q12,T.1+2: 916, 520, 13821, 718

8245

M-sm

angle 0.00 0.00
t_angle 0.00 0.00
range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00
neut(MeV) 0.00 0.00
L/R(fmm) 0.00 0.00
kata 0.00 0.00

seppen 0.00 0.00




‘He 270 MeV, “He 230 MeV/n (500 » m) @ HIMAC

th(moni, hough,edge) = 1, 1,030

x 0=0, x end=576

yo=0,y end= 480

1mas = 1 x 1 pixel, TOF 0.1 (MeV]

event no = 392, U(212 275) L(394 462)

»_, tight yield = 255937, 139719, 116218
nro.p(moni)>=( 1)=10174, 5512, 4662

no.p(hough)>=( 1)=10174, 5512, 4662

light / pixel = 25.16, 25.35, 2493

Q12.T,1+2: 54,65533,71,25

angle 0.00 0.00
t_angle 0.00 0.00
range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00
neut(MeV) 0.00 0.00
L/R(/mm) 0.00 0.00
kata 0.00 0.00

seppen 0.00 0.00
_
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Recoil proton, D-T neutron (500 » m) @ ETL

.

1--9

10--19

20--29

30--39

40 --49

50 -- 59

s B s--2s

| fle = ps3

’. P | divide no = 10

th{moni, hough.edge) = 1, 1, 0.30

xo=0x end=576

yo=0y end=480

Imas = 1 x 1 pixel, TOF 02 [MeV]
event no = 209, U(233 240) L(401 406)
light yield = 46367, 21708, 24659
no.p(moni)>=( 1)=1448, 638, 810
no.p(hough)>=( 1)=1448, 638, 810
light / pixel = 32,02, 34.03, 30.44
Q12T 142: 1436, 1244, 13808, 1340

angle 0.00 0.00
t_angle 0.00 0.00

range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00

226 | neut(MeV) 0.00 0.00
L/R(fmm) 0.00 0.00
kata 0.00 0.00
1807 | seppen 0.00 0.00
Recoil proton, D-D neutron (500 » m) @ ETL

=

th(moni, hough,edge) = 1, 1, 0.30

xo0=0,x end=576

yo=0y end= 480

1mas = 1x1 pixel, TOF02 [MeV]
event no = 50, U(211 214) L{403 406)
light yield = 12061, 5823, 6238
no.p(moni)>=( 1)=419, 218, 201
nop(hough)>=( 1)=419, 218, 201
light / pixel = 28.79, 26.71, 31.03
01,2, T, 142: 1175, 1661, 13665, 1418

1170

1190

angle 0.00 0.00
t_angle 0.00 0.00

range(mm) 0.00 0.00
recoil{deg) 0.00
prot(MeV) 0.00 0.00
neut(MeV) 0.00 0.00
L/R(/mm) 0.00 0.00
kata 000 0.00
seppen 0.00 0.00



Recoil proton, D-T neutron (250 » m) @ ETL

x 0=0,x end=384

yo=0,y end=288

1mas = 1 x 1 pixel, TOF0.2 {MeV]
event no = 338, U(171 174) (176 1.
light yield = 12873, 5871, 7002
no.p(moni)>=( 1)=595, 207, 388

full=1200 | Mop(hough)>=( 1)=0,207, 388
light / pixel = 21.64, 28.36, 1805
Q1.2,T,142: 98, 78, 15093, 88
ful=941

Recoil proton, D-D neutron (250 » m) @ ETL

421

x 0=0,x_end=384

yo=0y end=288

1mas = 1 x 1 pixel, TOF 02 [MeV]
event no = 139, U(154 159) L{175 1.
light yield = 6978, 4626, 2352
no.p(moni)>=( 1)=279, 148, 131
no.p(hough)>=( 1)=0, 148, 131
light / pixel = 25.01, 31.26, 17.95
01.2,T.1+2: 646,361, 15679, 503




Electron, ®Co gamma (500 » m) @ ETL

th(moni, hough,edge) = 1, 1, 0.30

x 0=0,x_end=576

yo=0y end=480

_ . 1mas = 1 x 1 pixel, TOF 0.2 {MeV]
event no = 48, U(293 295) L{459 461)
light yield = 4233, 2296, 1937
no.p(moni)>=( 1)=279, 140, 139
no.p(hough)>=( 1)=279, 140, 139
tight / pixel = 15.17, 16.40, 13.94
Q12T 1+42: 132, 74, 14349, 103

d

angle 0.00 0.00
t_angle 0.00 0.00
range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00
473 neut(MeV) 0.00 0.00
L/R(/mm) 0.00 0.00
kata 0.00 0.00
seppen 0.00 0.00

Electron, *'Cs gamma (500 » m) @ ETL

th(moni, hough,edge) = 1, 1,030

- " x 0=0,x_end="576

y o=0y end= 480

1mas = 1 x 1 pixel, TOF:0.2 [MeV]
event no = 80, [/(212214) L(382 384)
light yield = 1297, 492, 805

no p(moni)>=({ 1)=81, 34, 47
no.p(hough)>=( 1)=81,34, 47

N light / pixel = 16.01, 14.47, 17.13
012,T,1+2: 31,66, 13777, 48

angle 0.00 0.00
t_angle 0.00 0.00

range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0.00
83 neut(MeV) 0.00 0.00
LiR(/mm) 0.00 0.00
kata 0.00 0.00

1 seppen 0.00 0.00




Electron, ¥Co gamma (250 » m) @ ETL

117

x 0o=0,x end=384

yo=0y end=288

I'mas = 1 x 1 pixel, TOF 02 [MeV]
event no = 812, U(240242)1(2422.
light yield = 1463, 835, 628
no.p(moni)>=( 1)=124, 50, 74
no.p(hough)>=( 1)=0, 50, 74
light / pixel = 11.80, 16.70, 849
Q1.2,T 142: 72,98, 15438, 85

Electron, **"Cs gamma (250 u m) @ ETL

#-] 51

1—9
10 ==19
20--20
30--39
o W--49
“ 50 -- 59
60 == 255
fle = 22
divide_mo = 10
th{moni, hough) « 1, 1

X o=, x_ands 384

yosly ond=258

1 max = I x I pixel. TOF A2 (Ma¥]
ovunt no = 114, INI2D 124) L{129 L
Iight yiold = 1488, 729, 757
no.plmoni e [=i14, 41, 73
nplhaosgh)>={ [)=0, 41,73
fight / pixel = 13,04, 17,78, 1037
Q12T 142: I3, 42, 15513, 27




Recoil proton, D-T neutron (500 u m) @ ETL

1--9

10--19
20--29
30--39

40 --49
50 -~ 59
i B -2
file = p58

' P | divide_no = 10

L th(moni, hough.edge) = 1, 1, 0.30

x0=0x end=576
 0=0,y end =480
1mas = 1 x 1 pixel, TOF 02 [MeV]
event no = 209, U(233 240) L(401 406)
o i light yield = 46367, 21708, 24659
-—-i ». . | no.p(moni)>=( 1)=1448, 638, 810
| i no.p(hough)>=( 1)=1448, 638, 810

light / pixel = 32.02, 34.03, 30.44
Q1,2,T.142: 1436, 1244, 13808, 1340

angle 0.00 0.00
t_angle 0.00 0.00
range(mm) 0.00 0.00
recoil{(deg) 0.00
prot(MeV) 0.00 0.00
neut(MeV) 0.00 0.00
L/R(/mam) 0.00 0.00
kata 0.00 0.00

1807 | seppen 0.00 0.00
e e e —— e ———

Electron, p-gamma 6-7 MeV (500 » m) @ ETL

- ‘ : - th{moni, hough,edge) = 1, 1, 0.30

- - x 0=0 x end=576
r yo=0,y end= 430
1 mas = 1 x 1 pixel, TOF:0.2 [MeV]
n event no = 44, U(223 226) 1(400 407)
, light yield = 27321, 12428, 14893
i : e no.p(moni)>=( 1)=1483, 722, 761
—

LI

. M no.p(hough)>=( 1)=1483, 722, 761
ol tight / pixel = 18.42, 1721, 19.57
: Q1,2,T.142: 2421, 3395, 13606, 2908

angle 0.00 0.00

- t_angie 0.00 0.00
range(mm) 0.00 0.00
recoil(deg) 0.00
prot(MeV) 0.00 0,00
Ty ! 1016 | newt(MeV) 0.00 0.00
L/R(fmm) 0.00 0.00
kata 0.00 0.00

983 seppen 0.00 0.00
— m—




Recoil proton, D-T neutron (250 » m) @ ETL

divide no = 10
th{moni, hough) = 1, 1

X 0=0, x_end=384

yo=0y end=288

1mas = 1 x I pixel, TOF 0.2 [MaV]
event no = 338, U(171 174) L(176 L.
Hight yield = 12873, 5871, 7002
no.p(moni)>=( 1)=595, 207, 388

no.p(hough)>=( 1)=0, 207, 388
=160 light / pixel = 21.64, 28.36, 18.05

Q1.2,T.142: 98, 78, 15093, 88
full=941

Electron, p-gamma 6-7 MeV (250 1 m) @ ETL

I1--9
I 19--1%

0--2

0--39

. M-
h 50 -~ 59

&0 -~ 155
flle = mé]
divide _no = 10
th{moni. hough) = 1. 1

zo=l x ends=384

yo=0y end=258

I mez = 1 x| pixal, TOF 6.2 [Ma¥]
vt po = 36T, [F9] 93} L{106 109
light plold = 9833, 5126, 4707

not p{mond ) ud |59, 242, 348
mow g haiaggh )= 1)=l, 242, 348
Highe / pixal = 16.67, 21.18, 13.53
QI3.T 1+d: 1889, 2615, 15147, 225
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Clear fiber bundle

Clear fiber bundle
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Final design of a scintillating fiber camera
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Table 1
Properties of polystyrene

General properties

Light decay (1/¢) [ns]
Light velocity in PS [m ns™']
Numerical aperture

Photon yield (with dopant)
[(kev) ']

Absorption peak [nm]

Emission peak [nm}

Fluorescence yield (pure)

Radiation properties
Radiation length [cm]

Gamma conversion length [cm]

Nuclear interaction length [cm]

Multiple scattering angle [mrad]

(dE /dx) min [MeV /cm)

Average atomic number 3.5
Density [g cm™?] 1.03
Proton / neutron ratio 1.17
Melting point [°C] 240
Thermal conductivity 0.105
[Wem™! K1)
Linear thermal expansion 7Xx 1077
coeff. [K™']
Tensile modulus (E) [MPa] 3200
Dielectric constant 2.5
Optical properties
Refractive index 1.59 (590 nm)
1.58 (480 nm)
Optical dispersion [ns m~ N 0.04 (400 to 500 nm)

2 10 3 (depending on dopant)
0.21 |

0.53 (n cladding = 1.49)
0.69 (n cladding = 1.42)

~ 10 (depending on dopant)

265
330
0.03

424

54.5

79.6

0.73 (1 GeV/c. 1| mm PS)
2.0




