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Fig. 2-1. Decay scheme of gamma ray cascade in a compound nucleus.

Table 2-1. - Comparison of scintillators

Scintillator - BGO Nal (TI) Organic (NE224)
(Nonhygroscopic (Hygroscopic (Liquid)
crystal) crystal)
Wave length of max.
emission (nm) 480 410 425
Decay constant (ns) 300 230 2.6
Reflactive index 2.15 1.85 15
Scintillation
efficiency (%) 8 100* 35
Specific Gravity 7.13 3.67 0.89
Neutron capture B : ®Na : H:
cross sections of 0.03 0.53 0.33
constituents (bam)}/12/ 0.2 0.31 0.15
Thermal neutron
cross section, Ge: L
followed by res- 23 6.2
onance integral 6.0 147

* The scintillation efficiency of Nal (T1) is normalized to 100%




Fig. 2-2. Outside view of the BGO detector assembly. Eight 5cm x 5Scm x
75cm  scintillator bricks are equipped with respective
photomultipliers, and a capture sample is placed at the center of 2cm
square through hole.
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Fig. 2-3. Calculated efficiencies of BGO and organic liquid scintillators for
monoenergetic gamma rays emitted isotropically at the center of

spherical scintillator.
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Fig. 2-4. (a)Experimental arrangement for the attenuation study of the light
collection efficiency due to the presence of an adhesive layer
between the scintillator bricks. (b)Gamma ray pulse hight spectra
at the positions (1,2 and @. The numbers correspond to the
positions where a Cobalt 60 gamma-ray source is set in Fig.2-4(a).
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Fig. 2-6. Experimental arrangement of the time-of-flight measurement at a
12m detector station installed at the KURRI electron linac facility.
(DKURRI-linac, (2)water cooled Ta photoneutron target, (3)
polyethylene moderator, (4) Pb-shadow shield, (5)S filter, (6)BFs
counter, (7)sample, (8)scintillator.
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Fig. 2-7. Block diagram of the data acquisition system. Signals (1),(2),(3)are
the number of scintillator bricks responded to a capture event, sum of
the linear pulse signals of eight bricks and neutron time-of-flight. FA:
fast amplifier, SA: sum amplifier, MIX: mixer, ATT: attenuater, FD:
fast discriminator, LA: linear amplifier, DA: delay amplifier, TSC:
timing single channel analyzer, DDG: digital delay and gate, LGS:
linear gate and stretcher, TOF: time-of-flight unit.
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responded to capture gamma-ray of Sm.
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Fig. 2-11. Pulse height response to thermal neutron capture for Ta. Solid line

shows the calculation with a Monte Carlo code.
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Fig. 2-12. Pulse height response to thermal neutron capture for Au. Solid line

shows the calculation with a Monte Carlo code.
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Fig. 2-13. Pulse height response to thermal neutron capture for Fe. Solid line
shows the calculation with a Monte Carlo code, where the response

is calculated for **Fe only.
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Fig. 2-14. Pulse height response obtained with a large liquid
scintillation detector (1300 ¢) for " Au(n, v ) **Au
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Fig. 2-15. Calculated efficiency of the BGO detector assembly shown in Fig.2-2
for monoenergetic gamma rays emitted isotropically at the center

position of the through hole.
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Fig. 2-16. Sensitivity of the BGO assembly to neutrons scattered with a capture
sample placed at the center of the through hole. The data points of
the solid circles are taken by adding a °LiF shield as explained in the

text.
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Fig. 3-2. Experimental arrangement for the capture cross section measurement.
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Fig. 3-4. Capture cross section for the "Au(n,y ) reaction.

Table 3-1. Comparison of mean value of the "'Au(n,y) cross section from the
present work with those from ENDF/B-VI and JENDL Dosimetry

File.
Energy range ENDF/B-VI JENDL-DF  Present
(eV) (barn) (barn) (barn)
0.0134-0.0213 119.7 117.7 117.7£2.9
0.0213-0.0338 95.4 95.8 94.14+2.3
0.0338-0.0538 76.1 76.2 75.7£1.8
0.0538-0.0855 60.9 61.0 61.2+1.5
0.0855-0.136 49.1 49.2 49.441.2
0.136-0.217 39.9 39.9 40.3+1.0
0.217-0.347 32.9 32.8 33.4£0.8
0.347-0.554 27.9 27.7 28.3£0.7
0.554 - 0.886 24.8 24.5 25.3£0.7

0.886-1.438 24.1 23.6 24.7+0.6
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Fig. 3-5. Capture cross section for the Sb(n,y ) reaction.

Table 3-2. Comparison of mean value of the Sb(n,y) cross section from the
present work with those from ENDF/B-VI and JENDL-3.2.

Energy range = ENDF/B-VI JENDL-3.2 Present

(eV) (barn) (barn) (barn)
0.0134-0.0213 6.62 6.35 6.31+0.18
0.0213-0.0338 5.26 5.05 5.00£0.13
0.0338-0.0538 4.18 4.01 4.05+0.10
0.0538-0.0855 3.33 3.20 3.30+0.08
0.0855-0.136 2.66 2.55 2.64£0.07
- 0.136-0.217 2.13 2.04 2.10+0.06

0.217-0.347 1.71 1.65 1.6740.05
0.347-0.554 1.40 1.35 1.34:£0.05
0.554-0.886 1.17 A 1.13 1.1440.04
0.886-1.438 1.01 0.98 0.98+0.03
1.438-2.344 0.96 0.94 0.954-0.03
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Fig. 4-2. ®Ta(n,v) reaction cross section from JENDL-3.2.
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Table 4-1. Transmission samples

Sample Thickness
[cm] [atom /b]
Lead 3 0.09858 + 0.00020
' 4 0.13152 +0.00026
5 0.16478 + 0.00032
Polyethylene 0.5 0.02086 + 0.00004
1 0.04080 + 0.00008
R -
%QQ\ ‘. ° .
e 3 BGO
I P? e I | £ Pb i} scintillator
Ta torget g Cdm:i LN, . SS @ I’[H [:j
water f S e 6 R Z 8 L
w8 g 7
£ ’ ¢ g sample [l sample
s s changer
- 1270 cm_‘

NNET. %71 Poraffin-Li2CO3

Fig. 4-3. Experimental arrangement for the transmission measurement.
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Fig. 4-8. Neutron total cross section of lead.

Table 4-2. Neutron total cross section of lead

Resonance FWHM Noise/Signal Total cross

energy [eV] ratio section [b}
[eV] [open beam]

428 0.30 0.0058 11.17 +£0.025
10.4 0.34 0.0055 11.18 +£0.036
14.0 0.26 0.0070 11.18 £ 0.051
239 0.54 0.0074 11.17 4+ 0.040
35.9 1.17 0.0066 11.18 +£0.037
39.1 1.11 0.0080 11.18 +0.045
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Table 5-1. Transmission samples

Sample Thicknes Atom / bamn
Sb (powder) 3 cm 0.0682 £ 0.00010
" 5 cm 0.1097 = 0.00012
" 10 cm 02174 = 0.00020
Pb - 208 (metal) 3.65 cm 0.12169 = 0.000041
Pb - nat. (metal) 4 cm 0.13108 = 0.000044
&

BGO
Pb scintillator

£
| JFSTEN —
P 6 " Hg
&
§ somple [[§ sample

e

)

water
tank

changer

Pi3iUs mopoys-qd

1270 ¢cm

Y - Pb 251 Paraffin-Li2C03

. BaC

Fig. 5-1. Experimental arrangement for the measurement at lower energies.
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Target room Sample changer QOutdoors Detector
house houise
o5 20 0.3
10.5 (unit : meter)
22.1
leed N lron B,C H3BOs Concrete

Fig. 5-2. Experimental geometry for the

transmission measurement in the high energy

region: (1) KURRI-linac, (2)water-cooled Ta photoneutron target, (3)water
tank (moderator), (4)Pb-shadow shields, (5)concrete wall, (6) collimators, (7)

BFs counter (neutron monitor), (8)sample changer, (9)concrete wall, (10)

Maylar window, (11)SLi glass scintillator.

1045' T ™7 ru" T T T T T T T T
. ~
—= I0F Foreground E
S
> [023' lh A
5 g, o
£ 1 Wil A DY
3 Wy 'ﬂ
< ol Au:
10 49]eV In: Background
[46eV
] S TS DS S S E TR SR SN B SIS T SNSRI RO
00" =200""400 600 800 1000 1200 1400 1600 1800 2000

Channel number

Fig. 5-3. An example of the foreground and background TOF

spectra obtained with a
In and Au samples.

resonance capture detector using



104 F T I T I ¥ T 1 T ‘ T T T T I T T ¥ ¥ ] T 3
[ > .
i > = > ]
v-
- 3 < 3 > i
] [aV} buld o o [0b] n
g T © “
a ]
= ]
QO i
~— B -
7] [ .
~S=d
S 10| u
© -
S
: N Foreground Run
10! N NS NN T NS N SN NN A DU B
0 500 1000 1500 2000
Channel Number
Fig. 5-4. An example of the foreground TOF spectrum obtained
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Fig. 5-5. TOF spectrum of Fe-filtered neutrons for the open beam.
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Fig. 5-6. TOF spectrum of Si-filtered neutrons for the open beam.
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Fig. 5-7. Block diagram of the data acquisition system.



Fig. 5-8. Neutron total cross section of Sb in the
lower energy region (0.01 eV to 1.0eV).
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Fig. 5-10. Neutron total cross section of

Sb in the higher energy region
(5keV to 10 keV).
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Fig. 5-9. Neutron total cross section of Sb in the
lower energy region (1 eV to 10eV).
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Table 5-3. Neutron total cross section of Sb measured with a

resonance capture detector using In and Au samples

Resonance energy FWHM Cross section
(eV) (eV) (b)
4.91 (Au) 0.95 6.943 +0.0298
1.46 (In) 0.27 4.830+0.0207
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Fig. 5-12. Comparison of the present neutron total cross section of Pb-208
and Pb-nat with the evaluated data in JENDL-3.
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Fig. 5-14. Comparison of the present neutron total cross section of Pb-208
with the data measured by Alexandrov et al. /16/.
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Fig. 6-1. Kyoto University lead slowing-down spectrometer (KULS)
installed in the target room of KURRI-linac facility.
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Fig. 6-2. General view of the lead slowing-down spectrometer (KULS)
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Fig. 6-4. Calculation of time dependent neutron spectra in the Bi hole after
the pulsed neutrons were produced in the Ta target.

Table 6-1. Resonance filters and their main resonance energies used in the

present measurement

Material Energy [eV] Thickness [mm)] Form

In 1.46 0.2 foil .
Te 2.33 7.0 powder
Ta 4.28 0.2 foil

Ta 10.4 ” v

Au 4.91 0.05 cylinder
Ag 5.19 0.5 cylinder
Ag 16.3 # s

Cd 27.5 0.3 cylinder
Mo 449 7.0 powder
Co 132 0.3 cylinder
Cu 230 1.0 cylinder
Cu 579 * 4

Mn 336 7.0 powder
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Fig. 6-5. An example of energy resolution measurement by neutron
transmission. (a) Neutron time spectrum measured with a cobalt

filter. (b) Neutron transmission spectrum of cobalt.
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Fig. 6-6. An example of energy resolution measurement by resonance

capture gamma-rays of copper.
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Table 6-2. Nuclear reaction, half life, gamma-ray energy and its intensity

used for the present data processing.

No. Reaction Half life® Gamma-ray” Gamma-ray”
energy [MeV] intensity [%]

1 7 Au(n,y)**Au 2.694 d 0.412 95.5

2 **Mn(n,y)’*Mn 2579 h 0.847 98.93

3 **Co(n,y)*°Co 5271y 1.173 99.90

4 Wny)' W 23.85 h 0.686 29.3

5 *Mg(n,p)*‘Na 14.66 h - 1.369 100.0

6 7 Al(n,p)"’"Mg 9.462 m 0.844 73.0

7 77 Al(n,a)**Na 14.66 h 1.369 100.0

8 ““Ti(n,p)**Sc 83.83 d 0.889 99.98

9 “Ti(n,p)*’Sc 3341 d 0.159 68.2

10 “*Ti(n,p)**Sc 1.821 d 0.984 100.0

11 **Ni(n,p)**Co 70.92 d 0.811 99.53

12 "*Fe(n,p)”*Mn 3122d 0.835 99.98

13 **Zn(n,p)**Cu 12.70 h 0.511 35.8

14 "*In(n,n")""*"In 4.486 h 0.336 45.8

*The nuclear data were taken from Ref/31/.

KURR! Linac

KULS e beam }D

&
X iy

L 12500
| 1500 | 2000

11000
21450

1500

unit: mm

Fig. 6-7. Experimental arrangement for the linac TOF method. (I)KULS, (2)Pb
collimator, (3)Pb shield, (4)U-filter, (5)Heavy concrete, (6)Cd-filter, (7)
Pb+B4C collimator, (8) Concrete wall, (9)Pb collimator, (19)Flight tube, (11)
B4C collimator, (12)Pb collimator, (13) Concrete wall, (14) Wall of measuring
house, (15) Detector shield of Pb, (16) °Li glass detectors, (17) Concrete shield,
(18) Cd shield, (19)Pb shield, (20)'°B-vaseline-plug Nal(T1) detectors, (21)

Rotary pump.
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Fig. 6-8. Relation between neutron slowing-down time and mean
energy in Bi and Pb holes of the KULS.
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Table 6-3. Energy resolution [%] in Bi and Pb holes of the KULS

Measurements Calculations
Energy BF, counter Ar gas counter Energy MCNP code
[eV] Bi hole Bi hole Pb hole [eV] Bi hole Pb hole
1.46 513 3.02 35.7
4.9 40+2 3.56 374
10.4 38+1 10.0 28.5
27.5 38+2 ) 37%2 11.6 31.6
44.9 38x1 29.8 : 28.2
132 39+2 33.8 357
230 383 403 99.1 29.8
336 40=3 113 34.5
579 42+3 42+4 298 337
2370 533 339 38.3
990 38.1
1091 43.2
] 2988 503
3208 518 - :
9
10 L T l T ¥ l T T I 1 T I ¥ T I 1 T I T T I T 1 ' ¥ 1 l 11 ¥

—~—" NEUPAC code ]
SAND-II code

Neutron Flux / Lethargy( n/cm’/s)

108 -
10° —
104 —
wlo ol ot vl by b b bt ]
107 10° 10° 10 10° 10°

Neutron Energy ( eV )

Fig. 6-10. Neutron spectra obtained by the activation data analysis.
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Fig. 6-13. Neutron spectra measured with °Li glass scintillators and
calculated with the MCNP code for the Ta photoneutron
source.
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Fig.6-14. Neutron spectra measured with '°B-vaseline-plug Nal (T1)
detectors and calculated with the MCNP code for the Ta
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v FOBERETHZ LIV RDZ, MEOKR. MABL bEMEESH Y
KHEETAE Y MRIZE WL 2 A DRV E Z A T2~IFRE DR — R EH
Shiz, UL, BEBEOEL(An: 2.2 y g/cn’, U : 41 p g/c’)) hHEX
T, ZOBREOREY—HX, BORRFOBEIZHRLEEEEZEZD T LT,
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2—-3 ZRERICAVWE-RHS
2—-3—1 BEHONEHE

AIEAB O A RERNE IS HERERZEA L, SEOERICHERLE
BOoRERERIL, Fig. T-5lZR L2 L D10, 2 00O RHBENEhEbE &
ROLEEEZ L TWDHZ D, back—to-back (BTB) Bk ZVEEES (BTBF = N
—) EFFER TV S /30/, BIBF = o8 —ik, BIERE (An) & PHEFRE=Z —
HEEH DR ER CAECRETE A2, ERICBITIZHEMBREL/NE
STEBEVSHIARD D,

KBIZHEM L72BIBF = V8= 7 A2 =7 A8 AR40 mm, £ X 39 mmod 15
IR TABOE SIIMEL. 5 mm, E@2 mm Thod, BT, BRERZN28 m,
EMRE RS mmD AT ERBE THD, T, FRCHEERVHLAaRs ¥
—. AAB ARG TZREY 5 T35

REEZEE L AT vV ABRBIRZ BHERENICE Y N L, BZRY 7 CERM
BPMEEZE & Ltk BEEV AL LT, 7AT007%, €% 3% ORATR
EIRECHA LTV,

BIBF = >N —DHIMEEIT400VT, ZTHEKILSO R~ XERILICHEALT
KB LTz, “AnDBERREZ SV AERESHFORER % Fig. 7-6 TR, “hz
ROEEBAREFIT ) AXRT AT 7 RICEDERTE L DS TVWD Z & 28
B,

2—383—2 BRAIVE—

AHETIE, Edld BIBF = o N"—%2AWT %0 BEHREICRT 5 “An £55
REOWEREL., ZORERERE U, §) KIS OEEWNHREIZBELT 5 =
EWCEVHENEEHRTNSE, LL, #1eV2 3100 eV ILmBAEEL T, “An
EOVPU & bicdkBaeRFod, MELIHEOLAE TIT, MEDOLBTFEHIZ
Lo THEMBPEINDIBNNH D, £Z T, 1 keV LU FOHEEE Tix U, f)
BOSOMRDYIZ "B, o) LIKEEFIATSZ L2 L7, "B, o) 'LiKIiSK EH
X COBEBUZIEHENELS | RELNRY/vVEEERFo TVWEDOTERBIZEIDE
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B30 “An(, O ISWEBOMENTE 5, ZOHAETE "An 52N
HEDOHEME (BR) ZRET DO THY . TOMHIEIZDOVNTIL BIBF = A
— 12 £ %200eV~1keVEEIR CORERBRICHBIIL L TRDEZ, "B, o) LiKED
POGERIT, ERATRAERILANCANE BB AU 7 — X VBPIE L, B Y
YF = XERL2 om, FEES0 mm, T RE 1 KEOSREEE T, BEEE
1100 VTEEH L 7=,

2—4 BABLOME

“Am DR FFEARIEICB VT, ®An & U RBHEE A L7ZBIBF =
N B ALY b A—& KILS O A< ZAERILIZHAL T, *An & 2U
DENREBEZIT>72, SEORBIZMHER Lz KUILS BoXFHEFRIZ, €8
53 VRERRCER, 2 OMICERERE KT BRFROZ — 2y b Th5,
S OBAIIRIZ0C TH B0, ¥ —4F v NORE 4 BFTICAER £ RV 1T,
ZDREREBI0CEBARNE DI, T4 F v OBEREEZRE L, &
K072 T A F v 7 EERMEEUT O Y Th 5,

BFTRLFX— 31 MeV
CE8 WAV 1 22 ns
v ER : $90.8 A

PV ADEYEL ¢ 150 Hz
DX D REMT THIFH L I0RFMBEOEREZ K VIR LRDB 5AFH#120
R OREEIT - 72, BIBF = N—AND *An & ®U KRB 2 ANEBEXTEL
(130 BT OBMEZIT o7z, ERFP OV AER M OB EE TV,
R0 BIZE R VA_AAL OB EITV., REREE IR LV 2 BRE
L7ze E72. PHABEREBICTADANEZ 2T 77,

2—5 HIEERR
BERBRO T v v 7 M&EFig. T-TIC77T, BIZRLEZL DT, *An ROV ®U

DR HUERCR—ORERBE R L 2 REAB L. ThTHOE FILAIE H iR
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%% (Preamp.) & EHIERE (Amp. ) 2oL, —ORTFXAF—EH L LTERS
FE~ b —DRRBEST L LTEAI VTV IATF ¥ U RVEE RS
(Timing SCA) Z#& CHERI O #HT25 (Time Digitizer) ~AS L7z, R HATERIZT A
T DEBFAN—RANTHELEND LT Lz, £z, PHEFRAEROBALR
HAor=77vvaiZIVRIENHTONDIOERITED, T4 VFNVEBES—
hFE4 25 (Digital delay & Gate) Z AWV T, O ML OHRE S Wik 7/ — b
DEFTRAECH2LRNVESZLE, BRIV ZF—Z2RAVWEREDOHE G HIE
EREORERE AV,

ol

E3H KULSICTLDERT—4DOREH

3—1 BHRGEROHH

KUL S OBOERRE t(us)ZRE LEEoHOFHMEIZ, F6EIIRLEX
54T B/ (4t DBIE A BT R — B(keV) 12 3513 5 I 10 254 T
5, 22T, KIZIKUL S ORMEEHK. ¥ nBloBEETHS, “Ank D
U O REFEMEEZ AT “An(n, §) KIEO T XV —{KFEHEEITKRKXTE
xoh35,

CA:n(E)'NU

chn(E)z CU(E)'NAm

'GU(E)

[y
(1
A

Cun(E) : TRIVE— E~E+AE BT S “An DL REEE.
Co(E) : TRNX— E~BrAE TBIT D U OBSREEIHE,
No : ™0 BEBES O *U R+,
Non : *Am EBFEEP O “An JFFEK.
ou(E) : ®U O X NF —(KIFEER 5 RITEE,
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ZZT, oy(E) 1L ENDF/B-VI 22531 Lz U, £ JUS OEEW EHET — ¥ %
KULSO=XLF¥—HRETRE LIEE ATz,
EBRTHLNE PAn RO PU ORSREEIHEEAC TR RERZ BN T
BT, WHTHERZHELZEEL TS

83—2 HINHEHEAUEOME

83—2—1 RAFHEM

ARERO LD RS RSHRBIECBWD T BMERBRNRAIRTH D,
EBRRBFICAMBBBEAL TV BHRIIE, PP IHBE~DFELIE
M UM ETDHMNEND D,
AEBRICHER Lz “An BREHE, TR AV RBOBEHEIC L > THER L%,
TAT7BREOHT L~ BALT MARIEEZEBETV. “An 3B P TAM
MIRBR S NN L 2B L, —FH, PHETFRE=FH L LTERALEZ™U
REDBETL 0.043 % @ U BE TN TVEN, U OZSRETEE LS <,
BAED BB LTS U, ) RS EME~ ORI EE TS 5,

3—2—2 RESRRE

BT TFHBRIE AR T L, BT RAE TN <R (6~T MeV) ZIEH
T5, ZOBE. BHEEDETIE (v, OEBREZVEDIDO T, BESRRE
WD, ) RIGE~DEBEBTHZOOEFRAL LT, KUL SIZIXES10~
15 cm DEARABTEOLN-ERILNFITONATVD, EATRIZXDHHF
BN BT INAE—IHNMVTH > T, ZOZFAF—ZxT 5 “An &
Y 20 DNy HBrE L2107 b BUT & HEHIT/NEV/39,40/, #- T, &K
%%?@Eva%%%%ﬁﬁﬁéckmxof\ZMMmﬂﬁm%@%MEK
XD NEDBRIS DR EBIEBETEI DL L,
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83—2—38 NvIIS2F
BHOREZRII-THEOLNOIBAHEMBE N OO NV ABE®IZFIREND
T, WV ABEBOEWHEETRHERB N LOT A7 7 RIZLD ANy 7 7T Rid
BEAMIZE > TEHZRET D Z EHHKD, #UML_INVUEDNNY T T T
RARAVZADORER2BRIE LT, BIBF = N—D—FHIZ U &, &) —FIZIE
LREEZRY T TCREEIT o7, F30BMAEZ2To 2R, £0.2~0.4%
BEOANy 7 770 FOFERRBD bz, THEARERIZB O TE 47 %R
TEL2ETHD,

83—2—-4 BRHEHBABRIDIHTF

e FIL, BEEROBEM CHEEREZEZ T LR EEEHENOESER
BHIBIET 2 H/E L, MEMIZ Lo THEL SN =RBIETIHENH D, 20X
D RBRHBANBELPHFIC L IBERR~DOEB LWL D, EHgT R ¥ —
T T AN a— RMCNP/41/ W THE 21T o7z, BEEM IIFig. 7-51Z/R LT
IO, EB40mm ., BE39 mm , EE2 mm OFT VI =Y L8 BIBF = /N —
Thb, PHFIL, BIBF =2 AR M bEHFMICASTT 5 LEELE,
7oy BRIy 7 —id BIBF = v N — L ZOEEIZENRHD 2O, BIBF = A
—DOEEMICEDPETFRART M OEREZRHIETILNENDH D, BHEOMKERE.
1~10 eV T R/ ¥ — I TIIWERHEZ 2~6 %<, 0.3~0.8 eV DT RV
F—EETIINT $RESHFETILER D - T=,

83—2—-5 HEOBNILAOEAEEL

Fig.7-6 R BND LD, BAREHENLOEFIZHEFTOT LT 7 HRITX
LBNRNVAEGEATNDRED, ZhoDEFEREL, BOREFOAEZEIY BT
O EERBPLEIIRD, ZOHE, BAaHAAVAOH, BOE&ED/ILVA
EERRBIVALVOREBICLVHBRINRVWBEEDNEL D, EZTHALVAESR
DBV THETFERO ANV AEE ML ERREFTRD IV RE®EDIHBRX
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THRBOESZFNFNNELT, ZTOREEELRDZ, HEH E&EZEH IV
ZEEHOMERITIZTITHEE TSN, YAn FN 20 OV RAEESAE»L, *An
D5 EN % LTS, 8%, U okt LT 3%DEIEE LEE Lz,

83—2—-6 BARFOFEFAE

AEDOERTHE, ARFHEFTFAE =310 keVELFOEWERTH L 72D
ARFEFIZE > THARICEBENFLAETNZE LTOEORAOAKE SN
MY BAELDZ LR LR RERIZBT 20 KETEHEO R EZ 372
WeZ2bohd,

3—2—7 BEHRHPTORIRFOESX

BEBEOE S 2t mg/en & T 5L, WEBRETIROBORA DREFILL/2R
TETIENTES/30/, 22T R mg/cw’ BESRERAFOEERTOFERET
b, U0 NTOSEAOMEIL Grundl RO TV B/42/, FHiZ KD & U0
HNTOSEF OEHRBRIT 8.29 ng/cn’' TH D, TOEEZHANT, SEIDOER

ALY U@L g /o) REIP COBRQ R OBEELHET D L0.25% & 72
5o MAm(2.2p g /em®) BREHZ O W T HEPAIZU0: DFEHRE LR CETH D &
RELTHRET D &, HERIT0.01%L R D,

4t BIMHFRISRFEEOIE

4—1 KUREKEPHEFRHEMN

MAMD B P F R R EE OB E L. REKFEFRARFF KUR) IZRE S
NTWBEAKBRPMET ARG (L% TEARE) L) ZHVCTHEIE LK,
KUREE /K % i D EME 2 Fig. 7-8I2R ¥, BEAKSY V7 ZiTM2 b Y DEKB A>T
T, ZOEERHL4n bhHoHed, BEPEFIILEAA, BIPHEFORD
LIEBEIZ DA (I R 7 AEBNKI5000), DX MAFKRIEPHEFIRED
KI60CDIFIE MR Maxwel IDMiZRTZ & BHBENTEY . BR/IRERT
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Ry MG E LTRSS A& TWS/43/,

KURDBEAKREITIZ, BRERBAELLEKS V7 OEERFGFIZEIT T L —/VR
AN TEY ., KIROBEFELZFICBRFEICIH ) T2 2 AL 6RIELT
RAMEE TBE, BRTEDIL5ER2>TND,

4—2 RHBAEZE

KEBRIT, KULSOERIZER L7z “Am RO U EEBEZEH A LZBTBF = >
—EAVWTITo7, KUROERH 5000 kW Eozd, BEEESE (BPHETHR:
#2 x 10°n/cm’/s) X V2 mDMBIZBWTHIRFHOBHEREIT>7Z, K
2. BIBF =V N DREHLB OBV L ZEELZFHAS57-D ™An & U A¥t
EANEZ B LITo 7, BIBF = v N —0 b DSV X E 51X, Fig 7-9.
R LTz X DT, AIEEERR OERIESE LR IZE. 2048F v U RV DEB DT
WIZFLEk LTz, 4 ORBHIK TR EIT. "V REERH VSV E ED
BaohmTr—FeaTsZ izl TH,

4—-3 TFT—HRIT
Maxwell/3 A DB G F AT M EHYMEEL, KATEREND
/44/,

oy =2 gz )[ )/
1.128
T T w= 2,200 w/s, 75=293.6 K. 7= 60 °C IXPHTFRE. g(T.) i Westcott
DIH/VEF (-BF) TH D, |
o T, 2,200 m/siZ¥%7250.0253 eVTD *Am(n, f) RGWIHE AL, *Uln, )
FIGDOBEBRTEFUEELE-> T, KDL STEXBND,

am Ny &)

¢ oy (v)
Cy Npw Bau(T) 77

Cam (Vo) =
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TIT Cane Cu: MAm PUOK G REHCE,

g () =0.996, g(h) =0.976 : *Am, U @ g-factor,

ou(vg) : 0.0253eVIZIITH “U(n, ) KIS D IEHEWT HE T,
AEBRTIX, *U, ) RISOEER ST WFEFEME & L TENF/B-VIIL 52 bh
TUW5586.2 bZBIH L7, £/, Westcott®g-AFIZ-2V T liIMughabghab? 3L
BRIEL VSR LZ/17/,

o1 BERURE

“hAm & PV BEBEEZEFSDRICHEALE DY BIBF = 3 — & KULSZ AW
T, *Am(n, ©) FUSKEFEE0. 1 eV~10 keVOD T R X —FFEIZB W THIE L 7=,
1keVELF O XX —FIR TIX *Am & U OXBICIZ2HMETH 2 IT5
O, U, £) ST A TBO, o) KKIZRT 2HEMAEZITV. ZHhEP U, f)
FOGIZ & 5200eV~1 keVEEIR OMFHEIZRIEIL LTz, RBIERF%EFig. 7-1017R
T, ZOMITiL, ENDF/B-VI K T® JENDL-3.2 @5¥{ﬂ11?§—*f‘~57% KULS®D = X V¥
—OREEEBTCTRE LAESREAEME LB L TRLTWVD,

P OBOREMEORAE L LEERIT0.03%LTTHY, *An DHEDOH
FEIEGE TEIIRETH =, TOM “An EHRMEEOREIZB VT,
(1) *Am RO ™U REHF BT 2BRARTORK, (2) BARROAES
I DHELME, RN (8) RBEASRKIGIZ LD MIEIZSWTIE, KIZfT-
72%"Np (n, £) UG Wr E AR RIE /45/ DA & Rk, BETE D LHE L7z, £z, *An
REHZ O WTITEBREFHERUTHERL TR Y . RPIEIMEE 25°F
HMHBBALTOWRNZ EEZT AT 7 BREOHT <R A7 MRIEIZ K- THE
RBULERR, 2OREBIHNTOIMERERETELI D E L,

BET —ZOREHBEM LD D0 1153V — i@ CRIERRE T — % 2 &
LTW3, KAIEIZBT2BEEREPENENDORE[EZ Table 7-3IC£ & D
TW3, BOREBFORNVAERSHR EHETORB VAR EED RN SITE
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K3 5 RRZEE, "An O REHEITRT LTL 9%, U O REHEIZ R L T0. 65%
Tholz, RHBROBIBELELERL T, 10~20 H#Fa'ﬁ:“&c:#gljl/&/vw
WBZIToTc, ™An, U RBPORFEIL, TLT7 7 BROT < HFIZ L5 H
EREROEHEEZHZ, Table 7-1 ISR LIEE DI, Vo ~BRAIEDRKERIZE
BEENTT A 7 BAIEORREIFFL TWD Z ENSnD, EUERRKIGKE
HAHE LTHWZ U, £) RO “B(n, o) UGKTEBEOREIREROT X LY
—HEBICBWTE L 2~4% KW 2% [“B(n, o) RIGOL/ VBRI LD TNH] TH
5/14,46/, > T, AREBRIZEB TS “An(n, £) SKEBERE O S EEEZ
4.1~8.6%& 72 B,

SEA %5 — % ENDF/B-VI B T% JENDL-3.2 i3 *An(n, f) RKISWiE RO
LA EITFig. T-10 60 nd £ D10, AJEME LIS —KLTWE, £,
22~140 VO T XV F —FHIEZ R ITIE, ZhoDFFMET—Z > L K< —H
LTWd, UL, BWEFEoOESERZ R THEE CIXREM & FmET — 2 Bl
WS ODDEVWRROND, 2~4 eVORWAEDE S Tk, M MET — & 1A
BEMEEL YR30 % A, LAl 35D LENWTRXAF—FERIZb 3 7Y
BETHD L ZDOENMINI0 % BETHS, = DOFR—KiL KILSOT XL ¥ — 5
REICXT T OB Y BN H DO RMBER - TV A Db iy, 8 eV fhil
DRICRBNBRN S 20 & 5 RIFEHO R E LIMEILE T 5 SMEDRETSH
50, PHBE & RBERBRZ BT D &, JENDL-3. 25 — # 1122~140 eVTIL. 2~
2.3MFDHHTES REL > TWB Z R n5d, —F, ENDF/B-VIF — & i ZHlE
HEEEEZIS—HLTNES,

BWEDERT —ZIZO0TH, KILSOT R ALEX —HMRETRE LEBEZITV,
AR EME L OHERER%Fig 7-111Z78 T, DabbsH DI E F — & 1XENDF/B-VID
AEERICBVWTAHVWLRZ 1R Y —RATHY, AREEELEBIZEIL—HKLT
W5, Gayther®/13/D 7 — #1355eVEL E TABIEM L Y 50~100%K % V>, Bowman
%/9/, Gerasimov/10/, Derrien®%/12/iZ X% 7 —Zix., #5110 eVLL F TARIEHE
EEL—HLTWVS M, BowmanZE (%200 eVEALET2fEREVWTF—FZHLTW
5. Leonard¥/8/iL 2~5 eVTHLDFT —F LV K& RfEEH LTS, Seeger
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H/11/ BEBRRBRERICL > THEBMEERIT>7/2203, 200 VUL ETARER L
W2 ) REREZHTVD,

Table 7 41X, ABE TH = *'Am By RWriEm i O F¥H{E & ENDF/B-VI,
JENDL-3. 2 K UDabbs%/7/I LB F — ¥ OFHEELLE L TRLTWD, ZOXK
R5 &, ENDF/B-VIF—# X 0.1~0.89 eV KT 20~200 eV DT R/LF—iH
WICBWTARREBOBERNICH D28, 0.89~20 eVT 4.5~7 BRK& <, 200 eV
~10keVT12~15 %W/hEL > TWVWHZ &My nd, JENDL-3.27 — &
3.55~10 keVOFEBM TAERME LY 7~25 WHhEWEEZRLTVWSHA 0.1~3.55
eVTIZ LK —EH LTW3, Dabbs%/7/ OF —F 1%, 0.89~3.55 eVD T R /LF—
M TABEMEI D 49 RE RoTWVEZ & 2T, MERBREZEOHMEANT
ABEMEE KBE—EF L TWS, 1 keVEL LD = XX — G T, FEAHES Dabbs
SOREMICHAR, REREL ISWBERSWEEZRL TN,

ERER B F R R L L ENDF/B-VI 125 2 b Tnd ®U(n, ) RS
Wriif% 586.2 bEFAVNT 2200 w/s(0.0253 eV) FMEFIZR$ 2 *An DB LHRWT
HEZHAELE, Z0OHAS, KILSEAWEEROSHE L Rk, “An & U &
EEE¥E v L7z BIBF = AN—2 VTS, 0.0253 eVIZIIT DA EDRE
B L1 T3.1510.097 b&B7/-, ZOfEIE Fig 7-10 {Z/R L7z KULS {28 5 Hl
EFREROMFEE L KL TW5B, BHREEEIZ AV R &S TR E 5]
VAL EDREB TR T2 9ROz, RREIZRIT D ERBRET,
HEAE (“An OAAHBE 0.4 %, “UOKLSRBE - 0.04 %) . B LV~VE
DRFEN ST L DB BIER®E (“An OSHFE: 1.5 %, ™0 OESR
L1 %), e RFICERTS8ZE (“An: 1.3 %, *0:0.12 %), U0, K
OEERERBOARKENS (1%LTF) /14,17/, REORFEREHICH O RE

(Table 7-1), BTBF = > N—HIZPIT D *An & *U BERORE KT 5
EfEZE (0.25%) Thotz, “Am gHWTDORBREICDVTIE, Mughabghab/17/&
Gryntakis®/47/BEZTWARFF—FBOENVWEEEL LTz, TOMOERE
BRUOMERIT/NEL, KULSIZE 2 EBR L RARICEETE D LRE L, &> T,
HAm(n, £) RIS OB P HFEEEANEICBT22ERBVETIINDLODORED 2R
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FADEE L LTHS L 9ERD,

0.0253 eVIZHIFT D “An(n, {) FUSHEBMBEDOHERZBEICHE SN/ ER
B B OFF A & L L T Table 7-5127%9, ENDF/B-VI, JEF-2. 2% UfMughabghab
DFFMEIFIAREE & &< —FH LT3, JENDL-3. 200 FFAfifE & Dabbs% O I E &
T, FNENABEMBEL V4.2 %, 2.9 WhEW, D 6 DOERT — X IIBBE

REENTEARAEMBE G > TV D H6avrilovEDMHEITHIL WhEL RoTW D,

ARBRTIT, BEERLEHBEL CEME “An RBEERT &N TEE
DT, REBRI Lo TR SN BB RS LS EEITIEE A ST T
rWEBEbhd, ZoZ L, ANCbil_7Z L 20T, AREMEDFILD0. 0253 eV
WBITOHMBE LIS —HLTVWAIEWIFERIZL > THRTE -, - T, *An
ABO KULSIZ X DM EBEIZ OV THRBTORMPIZ L 2EBIRVb DL A
Hhd,

BOH #
CHAm T DNWT, hBERNNY b A —#F (KULS) ZHAWT, £FDITRILF—
EEESREEBZRET D & &b, EERSPHETF Ay MFE RV TESR
TR RETEEOREZITo7z, AEBRTROZHEMBEERDOERT —F K
OFHMi % 7 — # ENDF/B-VI K& TRJENDL-3. 22 b L., Zh b OFERIZOWV TR

ZIT o7,

AFFRICBNNTHL N o2 %, LLTIRE LD D,

(1) KULSZ BT ™Am(n, f) RIGHTEFEZ20. 1 eV~10 keV FHERIZBWTHIE
L7c, AFERTIE, “An & U OBEBEEZETGDLE L TIRHSRERR
(mwawwvﬁ%ﬁmb\A%@&%ﬁ%mwmﬂﬁmwﬁﬁﬁﬁﬁmi
STEFE=HF—LT, £/, 1keVBLFTOZ RXAF —HE TIX BRIV ¥ —
& D "Am(n, £) RISHTE OB RIE 21TV, 200 eV~1 keVEHIKT U
BoRERMBIC I 2 AEMBICRBEL L.

il
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AREBROFEIR . DabbsB D ER{E, KUY ENDF/B-VI OFEfEILAEREIZ

TN &R horz, JENDL-3.2 FHMlT — & & ERANCARERE L —BL
723, 10~200 eVEHIL Tik, AEERES ENDF/B-VI F— & LH~_TH L
Wz (R 2ERE) EWEAR L7z, JENDL-3.2 iE, 10~200 eV O RXAF
— I THEER., BEDOLERD D,

(2) HIBEIEIZEIT D “An(n, {) KOG EEREOBRKIT, £ DMEHECKE
FEHBROERPEREOH TRELE-TEY, LT LEXERLDLITE
ARV, ZOEIRREO T THIZAEOMERRIL. BEFEOFME T —
DRI W THERART 2T 20 TH D,

(3) 2200m/s(0.0253 eV) FHEFIZR D *Am(n, £) [ Wr i fH 2 Maxwe 1 1047
ERTEERFHE AR MABIZBWTHME L, ZO0HESH U, )
RisWrmfEEERE L Uiz BIBF = o N—%H Lz, *Am(n, ©) KI5 Wr i f
OFFMiF T — # JENDL-3. 2 J Y ENDF/B-VI iX{ah &4 [\l Jl £ &
3.156+0.097 bIZEVMEZ /R L TW D, HERDERT — 7 1154 £231950~1970
FRIZBUMEEINTZHDTH DM, 2~3@%5ﬁ7’*~&%!&%07‘&11§“@%@@7ﬂﬂm
fHE—HLTWD,

(4) ABIETIEL, BIBF =X —, $ABIR R b A —4% KULS, R UMEHER
FHEFART MAFERNDLZ LIZEY, BNTAT 7 BHETHD “An
REORAHBEREZUET D Z LN TE 2, FiC, HRPHEFHEEOT X
X —RFERTEEEIZIRAFTHEFRTH D KILSOREEZENDLEZBLDT
Ho, SHbIIEEE, BRNT AT 7 BEHEOERBHI X3 2 Wi R E
CKULSZIEA LTI Z e NEFETE 5,
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Table 7-1. Determination of the number of atoms for the * Am and *°U oxide deposits

Method

24'Am Deposit

233 Deposit

Alpha spectroscopy
Gamma spectroscopy
Weighted mean value

(1.722 £ 0.022) x 10'®
(1.796 + 0.053) x 106
(1.734 + 0.020) x 10'¢

(3.289 % 0.039) x 107
(3.253 + 0.094) x 10"
(3.283 + 0.036) x 10"

Table 7-2. Detection efficiency of « -counting for the * Am and **U oxide deposits

Sample 1 Am 2351
Diameter of the sample (mm) 20 20
Effective radius of the Si 4.033 £ 0.025 8.00 £ 0.025
surface barrier detector
Distance between sample and 4009 = 0.9 918 £ 05
Si surface barrier detector (mm)
Detection efficiency (2.529 = 0.033) x10° | (1.869 = 0.021) x 1073
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Table 7-3. Experimental uncertainties for the current measurement.

Error
Causes of Uncertainties (%)
Statistical error for 2*!Am 0.08 to 6.2
Statistical error for #°U 0.06 to 1.1
Assignment of fission counts for 2*'Am <1.9
Assignment of fission counts for 2*U <0.65
Number of atoms of **'Am 1.3
Number of atoms of *°U 1.2
Reference cross section for the
85U (n, f) reaction 2to 4
Reference cross section for the
19B(n,«) reaction 2
Correction for the setting position of
the 2*!Am and 2*U deposits in the
BTB chambers <0.3
Correction for scattering of inscattered
neutrons by the chambers <0.2
Correction to background subtraction <0.2t0 0.4
Energy Range Error
(eV) (%)
Total uncertainties 0.1 to 0.89 4.1
0.89 to 3.55 4.6
3.55 to 20.0 4.2
20.0 to 200 4.4
200 to 1000 5.7
1000 to 10 000 8.6
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Table 7-4. Comparison of mean values of the *'Am fission cross section from the current
work with those from ENDF/B-VI, JENDL-3.2, and the data by Dabbs,

Johnson and Bemis

Average Cross Sections (b)
Energy Range Dabbs, Johnson,

(eV) ENDF/B-VI JENDL-3.2 and Bemis Current
0.11t00.89 4,753+0° 4.72440 5.13340 4.897+0 + 0.199
0.89 to 3.55 2.046+0 1.853+0 2.182+0 1.914+0 + 0.0875
3.55t0 20.0 7.982—1 7.106—1 8.438—1 7.636—1 + 0.0317
20.0 to 200 2.558~-1 1.893-—-1 2.524—1 2.514—1 + 0.0111
200 to 1000 9.701-2 9.708—-2 10.224-2 10.965—2 + 0.00628
1000 to 10000 3.031-2 3.009-2 3.110-2 3.570—2 x 0.00308

3Read as 4.753 x 10*°,
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Table 7-5. Thermal neutron cross sections (2200 m/s Value) for the
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21Am (n,f) reaction

Cross Section

(b) Reference
3.15 + 0.097 Current
3.153 ENDF/B-VI (1991) (Ref.14)
3.019 JENDL-3.2 (1995) (Ref.15).
3.177 JEF-2.2 (1994) (Ref.16)
3.20 + 0.09 Mughabghab (1989) (Ref.17)
3.06 £ 0.19 Dabbs, Johnson, and Bemis (1983)
(Ref.7)
3.0 Hanna et al. (1951) (Ref.18)
3.0 £ 0.2 Cunningham and Ghiorso (1951)
(Ref.19)
3.13 £ 0.15 Hulet et al. (1957) (Ref.20)
3.15 £ 0.10 Bak et al. (1967) (Ref.21)
2.8 +£0.25 Gavrilov et al. (1975) (Ref.22)
3.2 +0.15 Zhuravlev et al. (1975) (Ref.23)
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