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Abstract

An NE-213 neutron spectrometry system was assembled for measurements of neutron
penetration energy spectra in the fusion reactor’s blanket materials, Lithium and Graphite.

The zero cross-over timing methed was used for the pulse-shape discrimination, and
neutron spectra were unfolded using FERDoR unfolding code.

The measurcments of D—T and penetration spectra of Lithium and Graphite neutron

spectra were presented, and there spectra were compared with results of one dementional

transported calculation code ANISN.
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2. THE EXPERIMENTAL ARRANGEMENT
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Shed 20X 11377502 Bl 77X1139] FEZETF-E HHST. & meshgol B e FH2Rd et
At

#2% THE MESH POINTS FOR RESPONSE MATRIX
1) PULSE HEIGHT (LIGHT UNIT)

1: 0.025 2: 0.03 3: 0.035 4: 0.04 5: 0.045
6: 0.05 7: 0.06 8: 0.07 9: 0.08 10: 0.095
11: 0.11 12: 0.13 13: 0. 155 14: 0.18 15: 0.21
16: 0.24 17: 0.275 18: 0.31 19: 0.35 20: 0.39
21: 0.435 22: 0.48 23: 0.525 24: 0.57 25: 0.615
26: 0.66 27: 0.705 28: 0.75 29: 0.75 30: 0.8

31: 0.8 32: 0.85 33: 0.85 34: 0.9 35: 0.9

36: 0.95 37: 1.0 38: 1.05 39: 1.1 40: 1.15
41: 1.2 42: 1.25 43: 1.3 44: 1.35 45: 1.4

46: 1.45 47: 1.5 48: 1.55 49: 1.6 50: 1.65
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9051
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A e i
£3: 1.8 54: 1.85
58: 2.1 59: 2.2
63: 2.6 64: 2.7
68: 3.1 69: 3.2
73: 3.6 74: 3.7
78: 4.1 79: 4.2
83: 4.6 84: 4.7
88: 5.15 89: 5.3
93. 5.9 94: 6.05
98: 6.65 99: 6.8
103: 7.4 104: 7.55
108: 8.15 109: 8.3
113: 8.9 114: 10.0

3: 0.319601

7: 0.690933

11: 1.19593

15: 1.75469

19: 2. 36559

23: 3.04494

27+ 3.80751

31: 4. 64651

35: 5.54540

39: 6.49305

43: 7.50406

47:. 8.58102

51: 9.72635

55 10.9437

59: 12.2350

63: 13.6025

67: 15.0534

71: 16.5609
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B e EEE S e F
wrvh.

HAE3E Gaussfle]

T &

55: 1.9
60: 2.3
65: 2.8
70: 3.3
75: 3.8
80: 4.3
85: 4.8
90: 5.45
95: 6.2
100: 6.95
105: 7.7
110: 8.45
4: 0.394503
8: 0.811509
12: 1.33295
16: 1.20155
20: 2.52818
24: 3.22716
28: 4.01157
32: 4.86579
36: 5.77751
40: 6.73967
44: 7.76708
48: 8.86070
52: 10.0239
56: 11.2595
60: 12.5696
64: 13.9566
68: 15.7256
727 16. 9455
76: 18.5142
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K(E") : Monte-CarloitH ol A & Energy Eol A ¢ pulsel{ 47
g(E) : K(E')% broadeningA]# oz & pulseliEH 1

FBE) et exp(— LB (3.3.2)
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3.5 iEFEERH

Wesl & HRY Eltpectrume MY L#sly] A5t —RTHMEHE code ANISNYof
Ketel hRE@ spectrume HEHHSZ FHHSIGEL M LES BEY sets HARTHHZ
i BRE TR MEAaTRE A5t BT 1358 BEBset? 23] K fiw Energy#i®
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COMPARISON OF EXPERIMENTED AND CALCULATED ] ” !
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~ — & CALCULATION
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= - B 16
g r 1 =
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2 2
= Y
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T
| PULSE HEIGHT DISTRIBUTION FOR
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g i ; % 1
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10| \
o " -
& : :
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8,4 38 H _
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2| N ]
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! —
10 |-
w0l e b
0 J 2 3 3
10 10 10 10 10

CHANNEL

W 5. 14MeV chit-F2| fore ground®}
back ground2| H#

4.3 fEF spectrum

o(E)=0.067X+"E
E ®fstd £%£° Energy E9o kT HiEsl=
FEX i) broadening & #HE3SHH o}

% Aol 1dMeVE T E HEstd 2L HRS
o LT oF At HAT BERKE dEdd
2 KE KR #RE 6% & 3 oF #ATA
orord vt AL vz grh AEEH 3.3
A vEhd B.3.DKXE 2R Energydl oA <]
o(E)9 ge] griEdl FlAsHE %9 4& BT LB
A et

4.2 Back Ground

o) WA HAT BAAALE BB E 9
§ Concreat?] Bto] glo} 14MeViihFol #aldl <3
back grounds} Ay =Zelel 4=k @A B up
ztow Re o] #lback groundE HEdtArt. 14MeV
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1MeV LI Foll A pulselkiso4t W e AL time
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9.39] oAl ool pulseliiriE FERDoR coded] #k3te] unfoldingsted T spectrum
& kstgrh ol #EE e 29 vehdh

(1) Am-BedtEFIE (% 6D
(2) D—TREA #KT 14MeVrtT (& THED
1 14MeVaPEF ] Lithiums} B#e] #Eigd¥: T spectrum
(3) Li  20cm5-A (o] 60cm, #E100cm) (% SiED
4 Li 30ecm » ( » 60cm, » T0cm) & 9ED
(5) Li 40cm » ( » 60cm, » 60cm) (A 10ED
6) B4 20cm » ( » 60cm, 2 120cm) (E11ED
(7 2. 30cm » ( » 60cm, 2120cm) GBE12ED
(8) =4 40cm » ( » 60cm, 2 120cm) CGH13ED

Fre]l ANISNol %38 —RTHEIFH o2 K3 Fiflspectrumel] B FHR= bl g+t
& ¥R A D—THRREA sl & 479 peakst 14.1MeVEige]l Energysl 3gho=4

1% LA A Gtz gl

S ABY 9 #AT Am-Bed B3 unfolding?] #E+ #EEE 3 K5l 3l spectrums]
HBRE 2k Kb Al spectrum!e] 7}7het.

— 134 —




List Bghol $ab B@HET <4209 fz (1)

4.3.1 14MeVEF spectrum
Unfoldingell {ste] ¢leizl D—TILE K3 ik [ spectrumel] 4] 14MeV&l  peak [l 4hel 9.5
MeVell j32¢] peakr} Holvh, o] peakws vh&3b 288 Aol fkshed 4 Zvha 4asiy GF TlE
B

- 1 NEUTRON SOURCE FOR D-T REACTION
p
- | -1
Am-Be: NEUTROK SOURCE w0 H |
10— =
+ ~
\\ # 2
~ by T '
= + *, S | '
% I \‘ J ' [ h = } +
z i ’n ] E [ ‘ )
é Y g 3 c. .
= 0 T \‘ .
5 ", 20 m Y ! C
L _ =
= 10 ' = 1 i
= + & * ) ‘
S o84y « 0“* t
2t 2 b ;
ok ' = H+ *N s
= L ’ J ; *
= i
s 1 ¢ 4 < t]
: = | (
— -3
® : \ 10 H ~ w -
} 1’ |
1
L _ I |
16 A TS IR HE TR | o 1 T A S AU SRR N
5 10 15 0 5 10 15
NEUTRON ENERGY (MeV) NEUTRON ENERGY (MleV)
6. Am-Be i FE 7. D-T RN 2 st hHEFR

(1) frigeacel A ¢ [fflback groundell {kshed 44712,

(2) BELAH) frERel Milgre] A 53 9] w el A A

(Dell #stel A= &= shadow bar® 2o {kstol EH%utel {WHl back groundE s =
vheb Zo BEo g Hr] AL = hPE T el — % shadow barz s shgl7] ® el back groundE
2% AA et wrgetiel dvh. zElm ()9 HfEA = AEEYR 14MeVAE o P
SPeCtl‘Um% unfolding®r =l 4ol viebd Ak 2] UMeVrh-fol #3E RS HELe] BH

AP AT Aol VS RS 14MeVel BEF iAo = sl ffiispectrumg et

133;”— o, unfolding codels = v}ujA 2] RES v}2 Eeergyol #3h HENS {ifIsts f7d+
2 guh, o] fiEe] vkl Al B RIES B Sk gfic]l o olu spetrum kel A T ERE) ] 4
1L] AL A A, o] Bi%R-S Brussfell fkehel iGN % Shglvh gEES & Jijke.z Johnson
a4 S NE-213% ¢iffiste] D—Th ] {£3F 14MeVe] Hi1#t1 & unfoldrngdt £ F-5 u 2 gl v} 0
TR el e PRE ol g

Johnson 2] *L;é%j(r‘ﬁ}\ 1)) A= # 10MeVHEEA A e <oyl 9= AL unfoldingd o
o) &R Aol Bigeletxz #ag o}, THA e #We fkskw <] B%-e unfolding
ol {3 Aol obm Wt WA Mt ot RS wl el Aol Aeleba

Shan v

— 135 —



(12) 19794 35 BBIREASRIH 148

PLES #R2 o %29 peakis (D] HRAA (e KR H¥stA @z (DA &
BE ol Y7A] obd st YAt

4.3.2 E:BrhiF spectrum

-4 14MeVrithE¥ 2] spectrumt o] HiiE¥ 7t 4hRE BiET UL 9] spectrumE st 2
= 14MeV $1¥:T-9] spectrum <o) YEl}E= 5MeVet 9.5MeVel &2 peaks} u] &% peaks}t &
Hspectrumo] & Ho]H o] A& flkdt KK K Aol FEiflspectrumd] = FolA 47 AR 5
HOEBY fERAA S o] HHES B B s HEEst s,

Fifspectrum®] e} ANISNe] (3 FHHEMEE 12MeV Ll spectrume] Bl 4kl
BRE (LS LBl

AP kS BB A YRR SRS W el 14MeV Ll Lol debvbE
HBMEE HHET 71 =

14MeVa4-5 1IMeVHHE 7= 9] #-& Lithium 2 8§ & o $& —#HEF 2dFx 9o
5MeV DITelAe] GRS BB 5K A= spectrum kol A v] 528 #EE ez gvh & 2
azle AL HBREFe] —HI= EHA-E Relx I+

BRSPS = JEPEME AL K Qs ERES v T BiEr SMeV Dl el 4 vhebuba
ot 5MeV~10MeV Abololl A o] FhfEl ks s Bz Fo] %¥el peakst vhebihepa
= A sk ol W o] ERS MmEe € 5t 9k

N { ]
¢ EXPERIMENT
N ‘1 + EXPERINENT ~ 10 L ANISN-CALCULATION —
J W ANISN-CALCULATION
2 h¥t &
E } g
I )
N ]k
g + 5
s T } z t
RN }*HW” i I - le T
g | i ’ {
: | | N W
wl 0 "
{
H *
10. I L " i L 1 N 4 | L L " 1 { 10-‘ i A i i i i i L 1 1 1 1 1 } 1 l
5 10 15 5 10 15
NEUTR. | ENERGY (MeV) NEUTRON ENERGY (MeV)

8. Li 20cm 57 %:& ttF Spectrum 9. Li 30cm 57 %:& pitF Spectrum

— 136 —




Lizh Bl HY B#htt 'y 2499 i 13)

.*
Wi t EXPERIMENT ] e ¥ EXPERINENT |
L ANISH-CALCULATION T ANISN-CALCULATION J
: s T
g 5 I
g [ g i
;10 ‘. . ] = ++* H ]
£ s = m{ M ;
- \W * ! - | i f
g | H{ ;f“ | : ' =
W |- r ‘ . -
W0 —
! t
L , + .
al A Y | T ' TSRS S |
10
5 10 15 10 ST RS TR S SO ERE
NEUTRON ENERGY (MeV) 5 10 15
NEGTRON ENERGY ((MeV)
10. Li 40cm S %8 4F Spectrum 11, 2% 20cm 57 &8 $tF Spectrum
| 1
iy $  EXPERIMENT ! m"L .

DIFFERENTIAL SPECTRUM (ARBITRARY UNITS)

2% m
;i

T ANISN-CALCULATION

=
I
=
—ln.'_:;l.—l
b2 { .
DIFFERENTIAL SPECTRUM*_(‘ARBITARY UNITS)
(=1
——r—T .g —
]

¢ EXPERIMENT
R i L ANISN-CALCULATION

{f{ ’

H fH
e -
AT i 1 i
| JH W F
| ! f lH,l ! :

10 * — 163-— H * —
S |
b1 |

J s"

NEUTRON ENERGY (MeY) NEUTRON ENERGY (MEV)
B 12, B dem S0 EH hiF Spectrum E13. Fp Wem TN FB fEF Spectrum

— 137 —



a9 19794 37 BEBHEASRIR H148
5. ¥ £

LES astd e 2 Has 28 7 Ak

& Brgee] Bseel (HAE MM HEEEE spectrum$ HEshE HEEE xS RESIIAC
2 ey eV BRHkA #Hild @R it sivty 448 F g shuhe] R
ol BREAES BRBHEE A KWEFHEES) WEES ool #ed stx glod
olu ol FEe] BWHo] tuks] ol ek o rldl A HFEHES ERBNES Rk T ¢+ =%
Mo BEsts Hkes: 4 vk, 2 & FHros KETHMEEY MG e dynodez F
Bl BREEE ol BE Kbl ks RHERE @2 B CFTDY AShez
e AR 44T 5 gk
oo JlkiEke] moduleffe] FWREES WA ksl B HRfkel B st glvh
(modulef & dule EEREA FA HES Rifdol 9ozl 44 A9 W= 4G BML
4 9vh) ¥ ER A5 KRENY BEES —w@sAl & LEE deh. ol ZA Fdl st 3l
RE Y spectrumBliEel ) BT 4 JE FKEE TAC G A4

oo HEs PHigspectrum o ®H-e] di1¥f:FEnergy spectrum$ R} unfoldingel] A 14MeV
dipEfel Aol A RE Aol wEuE HEE 94 ZSGAE oF olHT K& #E, ®WET
wfol] Al WES AL WA T ko] HHAMRY EEGIE Kb Aozt AT
s fip)e w5 ol == Monte-Carlokol fkste] 3% MEXEBME M Energyell HstdA=
BEMOR KEsld 2 F@Ete BRAT LEI ok

ANISNol| #3 #Es BRHOZ Rtz Bl spectrum$ [Estd 10MeVEl ke #4r
SMeVIFel A= Ay & —HE 2ol v 2 5MeV.~10MeVatolol A ol glel {EmHE
BEXATHIO] F4re] HHI —BshAl %gk7] W Fol unfoldingsl] ks 14MeVe] spectrumeil Vel
ol K3 Ao peaks} Fifispectrum®] HiYE Lol = KERE o FEF HBE L+ sl

ol Bl W% EATHIY HRel =¥tz = KR oA E back groundBE G LGS BET
o] wak Rl AlS] At TEERES B EENY RES T doty T

2 % X M|

—

. D. Steiner, Nucl. Sci. Eng. 58(1975) 107.

Y. Seki, JAERI-M 6726(1976).

L.F. Hansen et al., Nucl. Sci. Eng. 60(1976)27.

C.E. Ragan et al., Nucl. Sci. Eng. 61(1976)33.

. F. Kappler et al., Proc. 8th Sym. on Fusion Technology (1974).

P. Cloth et al., Proc.8th Sym. on Fusion Technology (1974).

D.W. Lee, Jounal of Krea Merchant Marine College 13(1978)223.
R.G. Textor and V.V. Verbinski, 055 ORNL-4160(1968).

. W.R. Bruss and V.V. Verbinski, Nucl. Inst. and Meth. 67(1969)181.
H. Kendreck and S.M. Spering, GA-9882(1970).

11. W.W. Engle Jr., K-1963 Oak Ridge Gaseous Deffusion Plant (1967).
12. V.V. Verbinski et al., Nucl. Inst. and Meth. 65(1968)8.

13. J.A. Lockwood et al., Nucl. Inst. and Meth. 138(1976)353.

14. A. Yahashi, Master Thesis (Tokyo Institute of Technology) (1977).

© ° N e e R oW

—
e

— 138 —




Lis} Tghell B3 BERAPET 200 =alel i

E. Nardi, Nucl. Inst. and Meth. 95(1971)229,

N. Yamamuro, Private communication

. D. Bogart et al., Nucl. Inst. and Meth. 53(1974)258,

R.H. Johnson, Ph.D. Thesis (University of Illinois) (1975).
R.H. Johnson et al., Nucl. Inst. and Meth. 145(1977)237,

— 139 —

(15



&)Collection |



