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SUMMARY
(&2 %3

I. Title

Activation Cross-Section Measurement with Neutron and Gamma-Ray

II. Objective and Importance of the Project

Our country is one of the developed countries in the field of constructing the nuclear
power-plant. Thus, it is necessary to construct an infrastructure and educate manpower for
radiation related researches in order to enter a member of developed country in the field of
radiation induced reactions and its application. The objective of this project is to study
neutron- and gamma-ray-induced reactions by using 65-MeV and 2.5-GeV electron facility of

Pohang Accelerator Laboratory.

II. Scope and Contents of the Project

®W e measured photo-nuclear reaction cross-sections, isomeric  cross-section  ratios,
photo-neutron cross-sections, and photo-neutron mass yield distributions at the 65-MeV and
the 2.5-GeV bremsstrahlung photons of the Pohang Accelerator Laboratory (PAL) by using
the activation method. The bremstrahlung photons were produced when a pulsed electron
beam of the 65-MeV and the 2.5-GeV electron linac hit a thin W target.
The scope and contents of the researches with bremsstrahlung photons are as follows:
(1) Measurement of isomeric cross-section ratios of “™£Sc, *™®Rh, **™*Mn isomeric pairs
with 65-MeV bremsstrahlung photons
(2) Measurement of isomeric cross-section ratios for the formation of “mege with 2.5 GeV
bremsstrahlung
(3) Measurement of isomeric cross-section ratios for the formation of *™Zr and 86m.g.87m.6yr
isomeric pairs with 50-, 60-, 70-MeV bremsstrahlung
(4) Measurement of isomeric cross-section ratios for the formation of S2mENn at 50-, 60-,
70-MeV and 2.5-GeV bremsstrahlung
(5) Measurements of the mass yield distribution and photo-neutron cross-sections in 2Bj
with 50, 65-MeV and 2.5-GeV bremsstrahlung

® The experiments were carried out by using the pulsed neutrons produced by a thick Ta-target



at the 65-MeV electron linac of the PAL.

(1) The neutron total cross-sections of Mo and Pd were measured by using the time-of-flight

method and the resonance parameters of Mo isotopes were extracted from the

transmission by using the SAMMY fitting code.

(2) We measured the thermal neutron capture cross-sections and the resonance integral of

the "Hf(ny) " Hf, "Hf(n,y)"Hf, "*Wny)W, and **Mo(n,y)’Mo reactions by the

activation method.

® We also measured the kev-neutron capture cross-sections of 195pq and ''"'"°Sn at the Peletron

accelerator, Tokyo Institute of Technology, Japan.

IV. Results

1. Results obtained by using bremsstrahlung photons

M

)

We obtained the isomeric cross-section ratios for the “Sc(y,n)*™ESc, "Ti(y,x)"™*Sc,
'Rh(y,4n)” ™ Rh, "™Fe(y,x)**™*Mn reactions induced by 65-MeV bremsstrahlung and
reported in the paper [ J. Korean Phys. Soc. 50 (2007) 417].

We obtained the isomeric yield ratios for the formation of *“™Sc in the
“Sc(y,n)*™Se,  ™Ti(y,xnlp)**™*Sc, "Ee(y,xn5p) ™ESc  and  "'Cu(y,xn8p)*™*Sc
reactions with 2.5 GeV bremsstrahlung and reported in the paper [Nucl. Instr. Meth.
B 266 (2008) 5080].

(3) We obtained the isomeric cross-section ratios of the *°Zr(y,n)*™¢Zr, "7 r(y,xnlp) Y,

“4)

)

Py (yxn) ™™y reactions in "“Zr and ™Y with 50-, 60-, and 70-MeV
bremsstrahlung photons.

We obtained the isomeric cross-section ratios in the production of *™*Mn from "™Fe
with 50-, 60-, 70-MeV and 2.5-GeV bremsstrahlung.

The mass yield distribution and the photo-neutron cross-section of *®Bi with 50-,
65-MeV, and 2.5-GeV bremsstrahlung have been determined [J. Korean Phys. Soc. 52
(2008) 934].

2. Results obtained by using neutrons

1)

We obtained the neutron total cross-sections of Mo and Pd by using the time-of-flight
method and the resonance parameters of Mo isotopes by using the SAMMY fitting
code. The results were published in Nucl. Instr. Meth. B 266 (2008) 561 and in J.
Nucl. Sci. and Tech. S5 (2008) 590.

(2) We obtained the thermal neutron capture cross-sections and the resonance integral of the



PHny) P HE,  PHfny)  HE, *Wny)¥W, and **Mo(n,y)”Mo reactions by the
activation method. The results were published in Nucl. Instr. Meth. B 266 (2008) 21
Nucl. Instr. Meth. B 266 (2008) 861, and Nucl. Instr. Meth. B 267 (2008) 462.

(3) We obtained the neutron capture cross-sections of %pg and ""'"°Sn for keV-neutron
using 3-MV Peletron accelerator at the Tokyo Institute of Technology, Japan [J. Nucl
Sci. and Tech. S5 (2008) 443 and J. Nucl. Sci. and Tech. 45 (2008) 352].

V. Applications

Isomeric cross-section ratios are applied for various studies related to nuclear reaction and
nuclear structure such as transfer of angular momentum, spin dependence of nuclear level density,
refinements in gamma transition theories and testing the theoretical models. The knowledge of
thermal neutron cross-sections and resonance integrals are of great importance not only for design
and development of nuclear reactor but also for the activation analysis and other applications
concerning the interaction of neutrons with matter.

Precise measurements of neutron cross-sections are very important for the safety design of
nuclear reactors and for the evaluation of the neutron flux density and energy spectrum around a
reactor. Neutron resonance parameters can be applied the reactor design and also provided reliable
information on nuclear level densities. Our measurements are provided in the web

(http://'www-nds.iaea.org/ecfor/exfor.htm) for general users in the world.
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1. HIBES 7oA L o] 83 Y Az}
7}. Zrup-sluk-g-¢] Isomeric Cross-section H, =4

(1) 6 MeV #iBEEsATAS  o]&dlel  Scin)*™8Sc,  ™Tify )" S,
PRh(y,4n)*™Rh, "Fe(y,x)*™#Mn¢] isomeric cross-section k. 2% [8]

"™8c, "'Ti, Rh, "™Fe Al&ol| 65-MeV Hz7H&7 oA AP BERHA IS 2AL
399 m 45Sc(y, )44m,gscl T (X )44m,gscl 103Rh( ’ 411)99m,th, Ml ,X)52m,gMn Zhu}sl uke
dM FPHE EALLE HEME LE FHAAT. & A7 S48 A} 7]
E9] dgelr FHE AoES vlaste [£ 1) F2 st

(2) 25 GeV AA7IE7NA PScy,n)“™Se, ™Ti(y,xnlp)*™*Sc,  "Fe(y,xnSp)*™Sc

"Cu(y,xn8p)*"™#Sc ] isomeric cross-section t =4 [9]

EZ7HE7 QTR 25 GeV AAZREZINA s A s ol 8dted ARE HIEIRA
ArbdE ahe] Alse] ARSI Zvh-gubge] ojax AHHE 44Sce AR ke 57
stalch 549 msER e J1ed 33 vim st [E 2] et ¥ 4Sc
RS 448 W] ez 2eie] A AAd mE BAMRLEE via st Ested,
AAZF ZUVSHE R B 3UtE0) Ade Ae (2F 11]25E & 5 o

N
(3]



[ by 1] 4SS c (y,n)44m’gSC, natTi(y,X)Mm,gSCI 103Rh('Yz 4n)99m,thl natFe ('Y,X)Szm'gMn %}'D]—-fﬂ] E]l_ __g__ o“ }\_]
AAEE SAHLLES] HEME It

Nuclear reaction

Spin

Photon energy

Isomeric ratio, R=Shigh/Siow

Ground state|Isomeric state [MeV] Present work References
15 - 0.14 [10]
4580(y n)*™e Sc 20.83 - 0.211 [10]
22 - 0.23 [11]
45 - 0.23+0.03  [12]
2" 6 50 - 0.21+0.04  [13]
65 0.21+0.03 -
75 - 0.21£0.03  [13]
300 - 0.21£0.02  [13]
2000 - 0.24+£0.03  [14]
" Ticy,x) ™S e 2" 6" 65 0.12+0.03 -
"R h(y,4n)"™¢Rh 172 9/2* 65 1.430.20 -
65 0.28+0.04.
nat 52m,g + +
Fe(y.x)™"Mn 6 2 70 0.32+0.05 [13]
- 3.0 ] e L A R A | T I ]
(}3 . O A.S.Danagulyan (2-§ GeV) 1
o0 ) O S.R.Sarkar (1GeV) ]
£ 254 A S.R.Sarka(1.05GeV) .
vv - ¥  H.Matsumura (1.1 GeV) .

@ i (O N.M.Bachschi (2 GeV) T ]
LS 2.0+ ® This work .

g . empirical calculation .

R 1 .
= 1.5+ 4
—— ) r

@ J .

* =

> ] ]
& 1.0+ .

o 7 .

- :

S 0.5 _'

n ] ]
H -

0.0 i v ¥ T L] l L] L] L] T l A L] I L] L] 1 L ' LJ L] L]
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(£ 2] “Scy,n)"*™Sc, ™Ti(y,xnlp)*™Sc, "™Fe(y,xn5p)*™8Sc L ™Cu(y,xn8p)*™*Sc ¥H-§ O ZH-H
A HrEgeo] AL RMEEE M

Nuclear  reaction Photon energy AA Isomeric ratio,  IR=Shign/Siow
[MeV] Present work References
®Sc(y,n)" " ™ESc 12.43 1 - 0.045+0.011 [11]
12.78 - 0.057+0.009 [11]
13.04 - 0.067+0.009 [11]
13.28 - 0.071£0.011 [11]
1421 - 0.126£0.009 [11]
15 - 0.14+£0.015 [11]
15.46 - 0.145+0.015 [11]
19.7 - 0.21£0.015 [11]
20.83 - 0.211£0.013 [11]
22 - 0.23+0.02  [10]
45 - 0.23 £0.03 [12]
50 - 0.21+0.04  [13]
65 - 0.21+£0.03  [15]
75 - 0.21+0.03  [13]
300 - 0.21+0.02  [13]
2000 - 0.24+0.03  [14]
2500 0.25+0.03
"Ti(y,xn1p)*"™¥Sc 65 3.87 0.12£0.03  [8]
2500 0.430.05
"Fe(y,xnSp)" ™*Sc 250-800 11.85 1.0£0.05  [16]
300-1000 1.120.2 [17]
2500 1.38+0.14
"Cu(y,xn8p)**™Sc 1100 19.5 1.545+0.224 [18]
2000 1.940.3 [14]
2000-5000 1.91£0.2 [19]
2500 1.89+0.21
'V(y,5n2p)**™ESce 1000 7 1.25£0.18  [20]
2000-5000 0.87£0.12  [19]
*Mn(y, 7ndp)*™ESc 2000-5000 11 1.112£0.12  [19]
“Co(y,9n6p)**™#Sc 1050 15 1.5£0.3 [20]

N
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(3) 50, 60, 70 MeV HIBEH IS o] g3tal ¥Zr, Y MR HAKRE Wﬂlitl: 4

ze gAT Y g2 50, 60 70 MeV #E#EsAEIAS ZASIYS W Zr(y.n)P"4 2,
natZr(y,anp)Sém,gY, 89Y(Y,m)87m,g,86m,gY Y-aukS o s AMAHE 897, 7r, 887yt B S = 5}
Aqow, EAAA7} (X 3]l & A7F2FA M 49 AFe} wwagd. @A =0l NIMB
Ag ol AL Tl Arh,

[E3] Isomeric yield ratio of *™&Zr, ®™8Yand®™8Y via photonuclear reactions with Zr
and Y target.

Isomeric ratio,

Nuclear Reacti P i
uclear Reaction hoton energy in MeV AA IR=Y sihspia/Y owespi

Present work References
20 2.232 - 0.67+0.04 [21]
20.5 - 0.92+0.06 [22]
21 - 0.92+0.03 [21]
21.5 - 0.80+0.04 [23]
22.0 - 0.87+0.03 [23]
natZI‘(’)’,n)ggm’ng 22.5 - 0.85+0.03 [23]
23.0 - 0.82+0.03 [23]
23.5 - 0.78+£0.04 [23]
24.0 - 0.77+0.04 [23]
24.5 - 0.71+0.04 [23]
25.0 - 0.83+0.03 [24]
30.0 - 0.74+0.04 [24]
30.0 - 0.49+0.15 [25]
40.0 - 0.854+0.04 [26]
43.0 - 0.31£0.01 [27]
50 0.68+0.07 -
60 1.05+0.12 -
70 1.07+0.09 -
89Y(y,2n)87m,gY 23 2.000 - 0.26+0.04 [28]
23 - 0.25+0.03 [29]
24 - 0.30+0.03 [28]
25 - 0.32+0.02 [28]
25.6 - 0.35+0.04 [29]
26 - 0.33+0.02 [28]
27 - 0.36+0.02 [28]
28 - 0.42+0.02 [28]
28.6 - 0.43+0.04 [29]
29 - 0.42+0.02 [28]
30 - 0.44+0.02 [28]
30 - 0.44 [30]
30 - 0.44 [31]
31 - 0.43+0.02 [28]

32 ; 0.44+0.02 [28]

[\e]
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33 - 0.42+0.02 [28]

34 - 0.43£0.02 [28]

35 - 0.44+0.02 [28]

43 : 0.590.04 [27]

50 ] 0.54+0.04 [29]
50 0.5520.04 ]
60 0.580.04 ]
70 0.6240.04 -

150 ; 0.7540.05 [13]

150 ; 0.7240.05 [31]

280 ; 0.75£0.05 [13]
at o 50 5309 027 £ 004 -
Zi(pxnlp) Y 60 032 = 007 -
70 034 £ 005 -

8 g 43 2.995 ; 0.13£0.02 [27]
Y(r3n) Y 50 022004 -
60 0.25+0.03 -
70 0.26:0.03 ;

(4) 50, 60, 70 MeV % 25 GeV HIBESZIVIAS o] §8te] “Mn iZREHES] BRMME GAMES
24

MEe A ) 50, 60 70 MeV = 2.5 GeV HIENES TN ZAEIY AHE P™Mno] BEMEHEL
2 z2Asgod, 2A4ARs} (£ 49 8 dFaE osiA ZHY A} vwaldnh a4 =&
ZA Zd) 9ok

X

[ 4] Isomeric yield ratios for the "atFe(g,xnlp)szm’gMn reaction induced by different photon energy.

; 14 tati
Photon  energy Isomeric  yield ratio,

Nuclear  reaction =V, .
[MeV] Present work 5 théh;f;“lc/izgwﬁzl;ults
30 - 0.102 [30]
50 0.27+0.03 -
60 0.33+0.04 -
65 - 0.28+0.04 [8]
70 0.34+0.04 0.32+0.05 [32]
ey, xnlp) ™ Mn 100 - 0.39+0.03 [13]
150 - 0.36+0.02 [13]
200 - 0.35+0.02 [13]
250 - 0.37+0.02 [13]
300-1000 - 1.3+0.8 [3]
1500 - 0.87+0.1 [33]

2500 1.25+0.15 -
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W k-dubg ddeg oA v KIBR(Yield) 2 X- FAA ve ddA =3
(1) 50 MeV, 65 MeV HBESZvI AL Bie] A K-HoH vk WEAXR 9 ¥ =44

S 9wy 23 [34]
50 MeV 65 MeV #IBhEEST o) <s1A PBio Al AR H-KHH o) KBR(yield) 2X}
B dF2golA d& 85-MeV HlEhES ol Ad A% ARES [2¥ 12]0] nvlmsgoh
50 MeV, 65 MeV 2 85 MeVe] A8k By gy g 1031, 1027 283 1025
AFD A gde Bolxu glew, of B XY FWHME 205, 22 18jx 23 Azd
e BHAFE

12 L L4 ¥ L T T T ¥ k] T T L] T T T ¥ T
1(a) SS-M'eV Bremss(trahlung i’hoton [
l "

O AR L R A A R RN L L R L AR B LI

80 90 100 110 120 130
12 e et
10 - (b) 65 MeV Bremsstrahlung Photon ]

0 AL L L L L DL A L I A L A |

80 90 100 110 120 130

10.1(¢) 50-MeV Bremsstrahlung Photon

Yields of Fission Products (%)
[~

T LN B L R L B B B
80 90 100 110 120 130
Mass Number



(@) 25 GeV HEEAIAE TBiol ZARel KHAH WM BAHE Ao AFKEE
¥X¥ 54 (Bur. Phys. J. A o] A3t AAL F)

(28 13]9] 25 GeV #ITEES ] 9alA *PBiolA AARE K-oH o] FJWHEER
(mass-yield) £ X & 65 MeV‘-;’_ A9} vludted ®Hdrk 65 MeV ¢l A Hy A 1027
oAA ol FWHMZEe] 22 Ferejel wid, 25 GeVal 73T°ﬂ-‘& H 95.0:05 o|i
FWHMo| 51,020 ¢l o9 W& BYXE Ha 3 9t}

10 r T v T — T v T v T

94 o 2.5GeV Bremsstrahlung b
8: ® 65 MeV Bremsstrahlung

Fission Yield (%)
wn

4. ]
3] ]
2] ]
1] )
1
30 50 70 90 110 130 150

Mass Number

AD AR BEN BFAFT FWHMS HBES ouxe) §52 ¥
3 o] BEABL oA o] Gaka paske W FWHME Z7bske AL & % Aok

60
50 ® Experimental Data
= 40 ]
§ 30 ;
& 204 3
10 ] T v T T :
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105 T T T
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160 4
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b 954 IR S
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2. FAAE o] &3 AY
b Rt o 2 A4 2udz 24 A9

(1) Mo XA 2uRF 24 D HE Yo =

=73 183].
Y FAA dulelA Mool Wg FA4A 2ad

AL ZMa JUA 0.01 eVolA 200 eV 7HA] =

5{} at ¥ T ¥
“Mo{ndot)

+  Present Work
E. R. Hodgson gf ul §2|
K. K. Scth et of, |4}
F. K. Muoreno ef «l.|3]
« M, Salama and M. S Mazher |6]

ok ——— ENDF/B-VL § {10]

®
St

Total Cross-section [barn]
h

2 & PR IR 1 A 2 i Zennbordinb . ' F PR i
a.01 .1 1 10 30

Neutron Energy |eV]

(b} 3000 . —

¥ ]
Mu(n,tot)

+  Presest Work
- OO0 ¢ S, Wynchank er ol {1]
> : £. R. Hodgson ef af. |2
= I A, Harvey et af. [3] 4
oy 4 KK Seth erad, (4]
2 . ‘ S ENDFB-VLE [10]
T 100 ; L
o Y E
zj -
S
m,
o
Q
E
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e

i

66 90 126 150 180 200
Neutron Energy [eV]
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HIEA e o] HIRASE A7) 9 siA SAMMY fitting T2 138 o] 83}
, 71EY &4 da 9 HrisEEY 2o} v

(2% 14 Uehgt
7 SR NY KBYFE YSHG0
w3ted [E )] sk

[3 5] Resonance parameters of Mo isotopes.

Nuclide | J/1 E,feV] [y {meV] gl [meV]
0.5/1 Present 107.2+0.8 173.9+17.4 0.20+0.02
Mughabghab [36] 108.8+0.2 - 0.16£0.02
*Mo Landolt-Bornstein [37] 108.8+£0.2 - 0.1620.02
JEFF-3.1 [38] 108.8 175.0 0.16
ENDEF/B-VIL0 [39] 108.8 188.0 0.16
3/0 Present 44.75+0.01 106.8+6.6 126.4+1.6
Mughabghab [36] 44.9+0.2 150.0+10.0 111.0£5.0
Landolt-Bémstein [37] 44.9+0.2 150.0+10.0 100.0+5.0
Harvey et. al. [40] 45.0+0.6 260+80 103.25+8.26
JEFF-3.1 [38] 44.9 150.0 100.0
ENDEF/B-VILO [39] 44.9 150.00 100.0
/1 Present 110.6+1.0 310.4+31.0 0.08+0.01
Mughabghab [36] 110.4+0.2 310.0+80.0 0.09+0.02
Landolt-Bornstein [37] 110.5£0.2 310.0+80.0 0.08+0.02
JEFF-3.1 [38] 110.4 310.0 0.08
BMo ENDF/B-VIL0O [39] 110.4 310.00 0.08
2/1 Present 118.5+1.0 200.5+20.1 0.079+0.008
Mughabghab [36] 117.840.2 200.0+120.0 0.13£0.02
Landolt-Borstein [37] 117.8+0.2 200.0+120.0 0.075+0.010
JEFF-3.1 [38] 117.8 200.0 0.075
ENDF/B-VIL0 [39] 117.8 200.0 0.075
3/0 Present 159.4+0.3 147.2+14.6 7.65+0.55
Mughabghab [36] 159.5+0.2 166.0+20.0 8.0+0.5
Landolt-Bornstein [37] 159.49+0.20 166.0£20.0 7.5£0.5
Harvey et. al. [40] 16244 260+80 6.77+1.29
JEFF-3.1 [38] 159.50 166.0 7.5
ENDF/B-VILO [39] 159.50 166.0 7.5
0.5/1 Present 114.7+0.4 1340134 0.67+0.06
JEFF-3.1 [38] 113.4 136.0 0.451
ENDF/B-VILO [39] 113.4 136.0 0.451
Mughabghab [36] 113.420.1 200.0£20.0 0.4540.05
o 1.5/1 Landolt-Bornstein [37] 113.4140.10 - 0.4540.05
Mo 0.5/0 Present 131.4+0.1 97.7+8.7 205+4
Mughabghab [36] 131.4+0.1 95.0£5.0 240 +20
Landolt-Bornstein [37] 131.4+0.1 95.0+£5.0 240+20
Harvey et. al. [40] 13342 260+80 215428
JEFF-3.1 [38] 1314 82.999 326
ENDEF/B-VILO [39] 131.4 82.999 326
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Nuclide | Ji E,leV] Iy [meV] gl'n [meV]
Present 71.2+0.1 157.6+14.7 6.54+0.22
Mughabghab [36] 70.93+0.03 130.0£30.0 8.40+0.75
20 Landolt-Bérnstein [37] 70.92+0.03 130.0£30.0 8.40+0.75
Harvey et. al. [40] 71.5+1.2 260+80 7.42+2.00
JEFF-3.1 [38] 70.900 130.0 8.04
ENDF/B-VILO [39] 70.920 130.000 8.4
Present 78.98+0.59 124.8+12.5 0.089+0.009
" Mughabghab [36] 79.55+0.03 120.0£60.0 0.055+0.010
Landolt-Bornstein [37] 79.55+0.03 120.00£60.0 0.055+0.010
JEFF-3.1 [38] 79.60 150.0 0.056
171 ENDF/B-VILO [39] 79.55 120.0 0.055
Present 109.09+0.84 130+13 0.17£0.02
o . Mughabghab [36] 109.58+0.05 - 0.110.04
Landolt-Bérnstein [37] 109.58+0.05 300+150 0.11x0.04
JEFF-3.1 [38] 109.60 150.0 0.11
/1 ENDF/B-VILO [39] 109.580 210.0 0.11
Present 126.9x1.1 18018 0.1120.01
41 Mughabghab [36] 126.89+0.06 - 0.10+0.04
Landolt-Bornstein [37] 126.89+0.06 - 0.10+0.04
JEFF-3.1 [38] 126.9 150.0 0.098
1/1 ENDEF/B-VILO [39] 126.89 210.00 0.10
Present 137.87+0.29 150.8+15.0 0.598+0.059
3 Mughabghab [36] 136.37+0.08 - 0.600+0.005
Landolt-Bornstein [37] 136.32+0.28 - 0.600+0.005
JEFF-3.1 [38] 136.3 150.0 0.575
4/1 ENDEF/B-VILO [39] 136.320 210.0 0.60
Present 12.2+0.1 15311 0.070+0.002
Mughabghab [36] 12.1£0.1 125.0+20.0 0.059+0.004
*Mo 1.5/1 |  Landolt-Bornstein [37] 12.08+0.1 125.0420.0 0.067+0.003
JEFF-3.1 [38] 12.1 120.0 0.058
ENDEF/B-VILO [39] 12.1 120.0 0.058
Present 97.2+0.7 80.1£8.0 0.52+0.05
Mughabghab [36] 97.2+0.1 - 0.45+0.02
%Mo 1.5/1 Landolt-Bornstein [37] 97.2+0.1 - 0.47+0.02
JEFF-3.1 [38] 97.2 80.0 0.36
ENDEF/B-VILO [39] 97.20 80.0 0.36
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[Z. 6] Thermal neutron cross-sections(cy) and resonance integrals (Ip) for the me(n,y)lSO"‘Hf

Year References oy (barn) Iy (barn)
2008 This work 0.424 = 0.018 6.35:0.41
1987 Gryntakis et al. [43] 0.34 £ 0.03 -
1984 Mughabghab [44] 0.445 + 0.003 6.9 + 0.6
1978 Heft [45] 0.407 = 0.02 -
1975 Mannhart [46] 0.4326 + 0.0024 -
1974 Van Der Linden {47] - 475 + 0.16
1972 De Soete et al. [48] 0.33 -
1967 | Scharff-Goldhaber et al. [49] 0.34 £ 0.03 -
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[ 7] Thermal

neutron cross-sections(Go) and

resonance integrals

(lo) for the "°Hf(n,y)"*'Hf

Year References oy [barn] Iy (barn)
2008 This work 12.87 + 0.52 3291 + 2.38
2005 Trbovich et al. [50] - 28.8 + 0.1
2002 JENDL-3.3 [51] 12.99 34.02
2001 Cho et al. [52] 13.04 + 0.07 324 + 1.6
1994 JENDL-3.2 [53] 13 33.85
1994 JEF-2.2 [53] 13.08 35.44
1994 ENDE/B-VI [53] 13.08 3428
1988 De Corte et al. [54] 13.5 35.0
1987 Gryntakis et al. [43] 126 £ 0.7 33.6 + 3.2
1984 Mughabghab [44] 13.04 + 0.047 35 £ 1
1978 Heft [45] 13.1 £ 0.1 33.7 £ 2.1
1975 Mannhart [46] 13.04 + 0.07 -
1974 | Van der Linden et al. [47}] - 315 £ 1.6
1973 Alian et al [55] - 30.8
1972 Steinnes er al. [56] - 32 £ 3
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[ 8]
Average neutron Energy Capture cross-section (barn)
[Energy region} (keV) '%pq T Au"
21 [15 ~ 25] 1.558 £ 0.063 [4.02%] 0.717
30 [25 ~ 395] 1.313 + 0.053 [4.02%)] 0.567
40 [35 ~ 45] 1.167 + 0.047 [4.02%] 0.494
50 [45 ~ 55] 1.025 £ 0.041 [4.03%] 0.439
60 [55 ~ 65] 0.906 + 0.037 [4.04%] 0.399
75 [65 ~ 90] 0.818 = 0.033 [4.04%)] 0.356
550 [FWHM : 99keV] 0.232 £+ 0.009 [4.00%] 0.123
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