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Abstract

Values of the réduced activation ‘resonance irtegral relative to

the thermal cross. section, I ASo of 74Ge and 76

Ge were deteruined
relatlve to gold by measuring cadmium ratios in a reactor Spectrum
A lithium~drifted germanium §-ray spectrometer was used to resol~
ve the activities of the samples., N
The fosults for e afe‘I’ﬂfo = ,Slii.O 031 and Iﬁ: 6 6811: 123
barn with an assumed G 0=0.45% 0,08 barn ;. fo 76Ge ’/G'o 12,00
to. 16 and I’z 1.992%0. 359 with an assumed G o= 0. 166+o 030 barn.
The values obtained for I’ are in serious disagreenent with ther
values calculated w1th neutron resonances parameters and confirm |
nrev1ous results obtained in similar keV average resonance spacing
iSOuOﬂeSa
Due to this fact a careful eValuation of keV neutron radiative

canture cross section and resonance integral for 74,

Ge was unoentaken.
‘The_ovaluation and comparison with the experimental value of ﬁhe
reéonance integral shows first that for nuclideswith an average reso-
nance spacing_of keV the unresolved resonance intogral has "been
seriously underéstimated in many evaluations andisocond thaﬁ between
10 keV and 100 kevjresonance-integralsvcalcnlated nith smoothAlow‘fom

solution activation cross section give a better calculation.of neutron

captures than that obtained with neutron resonance parameters.



Introduction

Previous results ( Ricabarra et al. 1968, 19¢8, 1970)
showved that a consistént sarious discrenancy existed between calcﬁla~
téd and experimentallvalues of the reéénnnce integral for several_
isotones in which the predominant resonances were in the keV energy
region. | o |
74Ge and "6Ge are elements with these characteriétics, and 1t
is'ihteresting tb see 1f these elements confirm our previous reésults.

Furth%%ore keV radiative capture cross sectioﬁs in the Ge
isotones are particularly important for stellar nucleosynthesis |
(Fowler 1968) and the understanding of keV heutron captures by iso-
topes with wide average resoﬁance spacing (~keV) is also of interest
in fast reactor nhysics{ | “

In‘addition one of the outstanding problems of neutron detec-
tion has beén the deteétion of keV energy neutrons in oresence of‘
strong gamma radiation and thermal neutron fieids,

Recently similar isotones like 808e andvé42n have beeh Propo=
sed (Connolly et al. 1968) and used (Miller 1970) to determine‘ﬁeutron.
flux in the keV energy region of a fast critical assembly, buﬁ appa~
rently the authors has'not checked the radiative capture cross sections
and neutron resonances parameters of these elementé against experimenta]
values of the resonance inﬁegralo' | |

74Ge and 76ge may be convenient detectors for this -energy |
range but a comparison of the experimental resonance integral with the
calculatéd one hﬁs to be made in order to know if resonances parémem

ters may be trusted to calculate keV effective cross sections.



"Recently a complete measurement 0f germanium neutron resonances
narameters haslbeen reported (Maletzkl et al. 1968), and this measu-
rement has been mads by high resclution transmission and radiative
capture technlque applied. to enriched>germanium samples. The combi-
nation of these technlques 1s believed to give a reasonable accuracy
ffor radiative wldth determination in‘reSOnancés with large necutron
widths,,and'a better information about weaker p-wave resonances.

In addition there are for <‘Ge a good number of differential
neutron activation cross sections measurement in the keV and MeV ener-
gy region'and semi-empirical statistical model calculation of the
cross section. |

Theréfore 74dé is a suitable element to make critical cbmparisens
of keV neutron captures calculated by different procedures and arrive
at a meaningful understanding of the cause of discrepancies.in this
énergy region. |

Some provisional data about germanium isotopes tbgether-With
nreviously nublished values were reported in a review of our work in
this field in the Helsinki Conference (Ricabarra et al. 1970) ¢ In
this paper is given a complete description of the technique, evaluation

- and results which supersedes previous provisional values.



Method

The cadmium ratic technique was applied to detormine the ratio
of the reduced resonance integral, I’., to the thermal activation
cross section, 8o , as has been discussed in previous work (Ricabarra -

et al. 1968)."

The 74

of 75Ge'(82 m.). An.ilsomer 1s also produced, but it decays enterely

Ge cadmium ratio was determined by measuring the activity

to the ground state with a half-life of 48 s., so that for counts
starting e~ 1 hour after the end of the irradiation, the 75Ge‘ activity

. 74
is proportional to the total Ge cross sectione

This is not the case for 76Ga, because the metastable isomer,

m7»7Ge (54 s.) produced by neutron capture 6n1y partially (24%) decays
to the ground state "ge (11.3 he) and 76% of m77Ge decays to 77

(38,7 ho) (Tederer et al. 1968). See fig.l

As

The activity of 77As does not represent the sum of the activity
. same
of the two isomers due to the fact that its half-life is of thevor-

der as the 77Ge half-life, - -

A f A ' ‘
If @ (m) and G (g) are the effective cross sections to the

metastable and ground state isomérs, the satu{ration' ac'tivity of 77Gé

77 76

and ‘‘As at the end of the irradiation, per atom of ‘“Ge and neutron

flux equal to one, can be expressed (See Apendix II):

(") =G (g) + £Co Gm)

(g) + By G (m)

e
G
W)= G

‘where Bo = _. _(1 -£)C1 + fCa

Lennpzgn of al.: Naaron Achvelion Ql&bﬁ\w“’-'&‘\l‘%“’{ .
}';CA- '1



'f is the isomeric transition frécéioh.and Coy 1, Cu and Cs
are terms which deponds on the decays constants (\;\1, Ac, A 3) the
irradiation'time (T) and the time elapsed from the end of irradiation
(). | |
If one allows for complete d(\cay of Lhe 54 sec. activ:.ty ,. the
coefficients Co and C1 become constantss Cg = Al/ (Al - %2) and
C1= >\1/ ( 7\ —%;;,)(Fig. 2 shows C2, C3 and Bg, c¢alculated as a
function of time. | | | |
The 766 i 1somerlc yield ratio is different for thermal and epiu_
cadmlum capture9 hence the cadmium ratio obtained by measuring 77Ge u
. gamma rays will be different from that obtained by measurlng 77As ga=-
mma Trays.
| :Thé'ratios of the bare to the cadmium covered activity obtained

from 77Ge, Rg and 77As, R3, photOpeaks can be exnressed in terms of

the cadmlum ratio, 'Rca :

o - (1-Y)
(1 re-1 = (Rea = 1) = 5T —a)
| F-p(1-Y)
2 - = -
() Rz =1 (Rgg = 1) \~(3(i’!i)
vhere . HK=1=-Co f and o &5::1 SB'o, 9

Y is the isomeric yield ratio below the cadﬂlum cut off and equals
the thermal isomeric yield ratio, Y1 is the epzcadmlun 1somer1c yleld
ratio. ,

(From‘the experiméntal values Ro and Rsiahd expréséions [1] and [2]

the cadmium ratio, Rca s c¢an be obtained.

| . cov D » Ty doe
Leamaeep otal. o Noubion Adwabion KeSomawce i\dgxw! .
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Assuming that the transmission of resonance neutrons in cadmium
is equal to onc { F=1) and the cross section below the cadmium cut-
off is v ( g= 1, W=0), the reduced resonance integfal I, can be

deduced from the WBstcbtt formalism { Westcott et al. 1958):

o L _ {4 - Red (/) 0VT77)
' 2 (Reg -1) b7/ )

Go

where Gr is thé rescnance self-shielding corréction; r~JT7TB is the

epithermal neutron index; /K = 462 , for Ey=0.025 eV and I¢g=0.60

eV, The definition of the exnerimental resonance Integral and its

deoendeﬁce on the reactor spectrum are discussed in Appendix I.
Resonance self-shielding correction

The self-shielding correction, Gy, was calculated for every reso-
nance using.the parameters of Maletzkl et al; 1968, The Doppler effect
and rescnance integral were calculated for every resonance. The narrow
reéonance'annroximation (Dresner 1960) was used to calculate self-
shielding, because the neutfoh width was considerably narrowver than
the average decrement of the neutron energy per collision in the
germanium resonances.

A experimental determination of the resonaﬁce self-shiélding co-=
rrection was made by measuring the cadmium ratio for two different
sample thicknesses and I” Gp was derived from them,

The-infinite«dilution resonance integral was obtained by extrapola=-
tingthe experimental vnlues of I’ Gy to zero thickness using the cal=-
culated Gp as a parameters

In cases where thefe is a serious disagreement between calculated
and exverimental value of self=-shielding this procedure is somewhaﬁ
involved andmay produce a 1% systematic error in the experimental re=-

sonance ‘integrale



Experimental details

In vrevious work (Ricabarra et al. 1968, 1970) most of the expe-
rimental details and analysis relevant to this kin& of measure were
given.

The irradintion place was the central‘granhite reflector of the
Reactor Argentino 1 (RBAl). The flux distribmﬁion and slowing dowvm
spectra in the site of irradiation were given in the papers mentioned
above. | ' |

_ Tho Westcott énithermal index, r {T/To , was 0.0794 1 0,0003 based
on a gold cadmium ratio of 1.674% 0.003 énd a value of I°/G o of
115.69. |

Cadmium‘ratiOS were made for two foil thickness; folls of metallic
germanium 406 mg/cm2 thick and thin foils of 25 mg/cm2 or 40 mg/cm2
of germanium oxide deposited in plastic paper.

An activation analysis was made of thé irradiafed plastic papner to
be sure that no undesirable activities were presenf in the gamma ener-
gy region of interest. The reprcducibility of our germdnium oﬁide,de-.
posits was checked and was found to be'better than 10%.

To avoid oroblems of weight intercalibration each run was repeated
for each pair of foils reversing the nosition of bare and cadmium co-
vered foils,.

Thé foil activities were counted alternately in a Li-drifted Ge
gamma ray spectrométef to total around 106 counts. Dead time correction
in the.spectrometer multichannel analyzer system was controlled to.

be less than 0.5% and the multichénnel_analyzer was oﬁerated in

the live-time mode.
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74
Go .

‘Metallic gérmanium foils (406 mg/em®) were irradiated in the
central graphite refledtor.

. 75 ' -
The 190 keV gamma ray cf Ge (82 m.) vas measured twe

hours'aftef irradiation and the aectivity folléwed'for about one ahd
half hours.

The average.reéult from thrée experiments‘is:
RCd (74Ge)  ; 7.9023 0.09 |
I G, / Qo= 1.383 % 0.024

Thin foils. (40 mg/cmg) of germanium oxide were irradiated bare
and cadmium covered for & minutes and the 190 keV gamma ray activity
measured one hour after irradiation. BFight runs were made with four

S

pair of folls, reversing the cadmium box position for each pair.
The average result is:

Rogl “Ge) = 6.64 % 0.10
I'6p/To . = 1.497% 0027

By extrapolation of I” G/, as a function of the calculated Gy ,

as described before, the value of the ratio of the resonance integral

to the“thérmal cross séction for infinite dilution is obtained:
‘I°/Go = 1.514% 0.031

In table I afe surmarized the resultsof the experiments and the
experimental resonance self-shielding. |

, , valve
The thermal cross section adopted for 74GG is the recommended
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by Goldberg et alwv1966¥ Go = 0.45% 0,08 barn.
_ From the experimental value of I’/Cb‘and G, = .45%0.08 b,
I’=z0.681 % , 23 barn is obtained. The c¢eleculated value 1s I%cg1c=
0.217 and disagrees by a factor of three. This calculation was made
with thelresonanceé parameters of Malétzki et al (1968) from 2 keV
ﬁo 60 keV and Dresner treatment of the unresolved resonaﬁce integral
This‘discrepancy is considored fQ;?ther in a senaréte section,
Simiiarly the exverimental G, in table I disagrees with the calcvw
lated Gp. If one assumes that this discrenancy is due to a non%shieﬁ

ded contributiony P 4, to the reéqnahqe integral; then :

-

calc '
Gnlexp.)  _ (2. Gr1 If)7° + P
- ( = T )CalC"-@- P

and P is about 0.5 barn, which gives I'= 0.72 barn in better
agreement with our experimental value of the resonance integral.
76Ge
Thick foils of 406 mg/cm® of metallic germanium were irradiated
for three hours and measurement of the 77Ge photopeaks started 24
Fres ,‘
hours after irradiation to allow for complete decay of Pte ( 22 mod
The bare and cadmium covered samples were counted alternateiy
and the decay of the 210, 215 and 263 keV of ?7Ge photopeaks (11.3 h.}
was followed for about two dayse

i

Three irradiation were performed and the average result is:

) R2 o 19897 j: 00001
To obtain Rq the activity of the 77As (38,7 h.) 239 keV garma ray
was counted. This is the stronges% activity available because Q?ﬁ of

the decays go directly to the ground state. This activity was counted
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wvhen the 77Ge photopeaks activity had docayed to be of the same or-

der. Three irradiatlions were made and the fails activity was counted
for about ten hours,{rom 117 to 1287 hours after the end of irradia-

tion. The average result is :

Ry = 3604_'1 * 0.010

Durinp the tlme of the countlng By in exnression (2) varies very
slowly ( 12% in lO hours) and can be considered constant during uhe
measurement, Bo-O 7792 at 12& hours .

In exnressions (1] , (2] and [3] s Y= 0.339 (Mannhart and Vonach
1968), £ = 0.24 (Lederer et al. 1968). The results ares

(Rgg ~ 1) = 1.076 £ 0.013
Ill G’I‘,/ G-O prosing 9@58 i 0012

Thin foils of 25 mg/cmz,of germaniun oxide were irradiated 30 minu-
tes. Threc pairs of foils were used reversing the cadmium position
for each vpalr, six runs in total were made.

The 77Ge photoneaks were}cdunted 24 hours after the end of irra-

diation an the average is:

R, = 1.731%0.007

Self-shleldlng which denends only on the total crosq section at
the resonances will affect equally botn isomeric Stutes and
Ry - 1/ Rg - 1 will not depend on the thickness. This ratio coudd be
determined with betier statistics for thick samples than for thin
samples. Then for tbin saﬁnles only Rp was determined and R3 was ob=-
tained using the ratio of Ro ~ 1/ 33 - 1 determined for thicl»:Asamples°
A direct measurement of Rz made on thin samples only in one run

agreed within 14 with the value obtained by this method.
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The values of Ry, and I Gp/ Go for thin foils are:
( Rgqg -~ 1) = 0.877 £ 0,011
I° 6o/ 6o = 11.860L 0.158

From I° Gr/Go for two thickness, I°/Gp can be extranoclated
as described in the Method Section and the results are shown in

table II. We %then obtain:

1/ 0, = 12.00% 0.16

. ' . . 7im .
Using the thermal activation cross section for Ge (54,5,) Te=

commended by Goldberg et al (1966) (Fb(m}:; 0.11 % 0.02 barn and
the thermai isomeric yield rafio ¥Y=0,3391 0,020 ( Mannhart and
Vonach 1968) one obtains To = .166 £ 0.030 barn.

With I°/G = 12.00%1 0,18 and Gy = 0 166+ 0.030 b we obtain:

I = 1.992%0.359

Using the neutron resonances narameters gives by Maletzki et al
(1978), the calculated value is I = 1.20C barn which seriously disagrees

with the exmerimental wvalue.
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Lvaluation of 74Ge keV neutron radiative capture cross section

and Resonance Integral

Barly measurementé of ge neutpon activation cross sections
Qere made by Macklin et al. (1957) and Lyon and Macklin (1959) at
24 keV and 197 kev; New activation cross section measurements at
24 keV were made by Chaubey and Sehgal (19A6) and Lakggana Rao et
al. (1970). ‘ | .

Tolstikov et al. (19A77) and Dovbenko et al. (1979) made a diffe-
rential acﬁivation cross sectlon measurement from 10 keV to 3 MeV and
obtained a good fit with theif»calculated statistical model curve and
a reasonable agreement with Macklin measurementse

There afe also measurements in_the:MeV energy reéion by Hughes
et al. (1953)vand Pasechnik et al. (1958),

In addition to these low resolution measurenments there are the
previously quoted neutron resonances and resonances parémeﬁers measu~
rement from 2 keV to GO.keV, made by traé&ission and capture teéhnique.
withvenriched'7éGe samples ( Maletzki et al. 1968).

Furtherriore there are two semi-empirical statistical model cal-
culation for ’*Ge by Benzi and Reffo- (1969) and Muséfoﬁe (1969) .

We estimated from Maletzki neutron resonances parameters the
aﬁeragé activation‘cross section at 24 keV with énergy disnersibn of

i‘i keV (AE=2 keV) as recommended for Sb-Be sources (Péuw 1970)
and of -t 5 keV (AL =10 keV) as quated by Dovbenko et al. (1969).

Examination of Table III shows:that Maletzki neutron resonance
paraneters seriously underestimate neutron captures at 24 keV.

This discrepancy may be due to neéiect of p-and d- wave neutron

captures accor@ing to the statistical model calculations of Dovben-

ko et al (1969) and Musgrove (1969).



We may now proceed to evaluate the ncutron radistive capture
o P P R . "1 e dal 7/1 4 . + J E ~ Ly
resonance integral from the Ge cross sections quoted previously.:
The unresolved part of the rcduced resonance integr~l from 60 keV
to 10 MeV was evaluated : by Dresner treatment (Dresner 19R0) using
Maletekl et al.,{l@@ )} average resonance narumeters, by muamerical
integration of the resonance integral using the statistical model

-

caleulated cross section (Benzi and Peffo 19A2); and finally using
Glff rential activation cross sections (Tolstikov et al. 19675 Dovben-
ko et al. 19A2), These numerical integrations were made both for a
1/7% spectrum and a reactor smectrum obtained Trom a 54 groun diffu-
sion code (Boix and Solahilla 1967). The results arc shown in Table
Iv.

One may observe in this table that the Dresner formalism which
-‘assumes oqually spaced s-wave neutron resonances underestimates
by a factor of 70 the unresclved resononce integral of 74Geev

This underestimation is significant for isotopes with wide avera-
ge level spacing (~v keV), where the unresolved resonance integral
is comparable with the contribution df the first or second keV
main s-wave resonances, then some unresolved resonance integrals
may have been uncorrectly calculated in vprevious QVuldt on ( Persia-
ni 1963; Schmidt 1966; Connolly et al.l9A8; Walker 1979; M{{ller 19"'0,m

In addition it can be observed that about half of the 'unresolved
resoOnarce integral éomes from the 1 Nev region where the slowing down
spectrum of a thermal reactor is not 1/E. '

This fraction is about 10% of the exnerimental resonanée integral
( 1’2 0.68) and may be enhanced ( by a factor of two or three) in var-
tial resonance integrals for the production of high-spin isomers.

This shows that high-spin isomers may not be adequate indicators

[

of keV neutron flux,
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In Table V an evalnation of the reduced resonance integral of
74G3'i8 made by different nrocodures.

It can be scen that Maletzki et al. (1968) nentron resoncnce nara-
‘meters scriously underestimate capturcs between 10 keV ané <0 keV

and this is consistent with our evaluation of 7460 neutron. capture
cross section at 24 lkeV and the unresolved resonance integral.

A second observation 1s that the disagreement between the 74Ge
experimental activation resonance integral and that calculated with
neutron resonsnce narameters will be reduced if the déta from diffe-
rential activation cross section of Dovbenko et al. (1969)'are used
to calculate the resonance integral from 10 keV to 10 MeV.

"Ge resonance integral

Therefore the present Qvaluation of thé
suggests that about one third of .the activation resonance integral
comes from nentron cavtures in the main s-wave neutron reéonences,
another one third comes from energies higher than €0 keV and the re-
maining p~rt can be ascribed to "p" and "d" wave ncentron resonances
which has not Eeen resolved between 3 keV ana 0 keV.

7a

A comment may be added about the discrenancy in ' Ge. The calcu-

lated resonance integral for the 550 eV. resonance of 76

Ge is around

1 Barn and the contribution ol keV endrgy resonnncesiis 200 milibarns.
ITf the dilscrenancy -of. 800 milibarﬁsbetwéen expefimental andé cal~

.culated 76Ge resonance integral is assigned to the keV energy region,

the calcniated contribution of.200 milibérnsin this.energy region would

be in error by a factor of 4 , in qualitative agreement with the

74
results of ~ "Ge.
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Final romarks

:Tﬁis measurement of 7%Ge and 7600 activation résonnnco integrals
‘confirms previous results which showéd thhﬁ neutron capturgs in the
KoV oncrrey région by isotopes with wido average resonanco sppcing,
che scriously undcre5u1mated by Breit-Wigner resonance 1ntegral

calenlation.

A criticai analysis aﬁd evaluation of neutrbn radiative caﬁture
cross scctions showed that an important fraction of neutron captures
comes from energiecs higher,than 10 keV, |

" This makes 7460 and ‘0

Ge and similar detectors like OSe and
*n éﬁudied in our‘ﬁ£éVidus work (Ricabarra et al. 1968;1969) unsui-
table for neutron detection in the keV energy region because only
“a‘minor fraction of the activity comes from neutron cantures in the
lowest keV energy resonﬁnces, and shows that there is still much work
and 1nvcst1patlon to be done in order to. find a convenient foil uetecj
tor for neutron flux in the keV energy rcglon. J
Flnally, previous evaluation suggests that for 1sot0pes with u1de
average resonance spac1ng (~ keV), aifferential activation or se"i-,
empirical statistical model neutron cross sections mﬁy g;ve a‘beuter

dCSCTlUblOﬂOf nentron canturos in the range of 10 kev to 100 keV than

that obtalned from resolved resonance parameterso
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Appendix

We may rcm;nd the reader that the value of the exnerimental
resonance integral cfiven in this paper may be dGLlnCd as the integral
r»actlon rate above the cadnium cut c~-0ff normalized to the slowing
down flux at the standsrd resonance encrgy .

'In previous work { M.D. Ricabarra et al., 1962, 1069,.1970)

a correction for the small deviatlon of the reactor smectrum relative
td the 1/E Spectfum.has been applied to our experimental value and
his correction is accurate if it is assumed that activation comes
mainly from one or two low energy resonances. In this case the spec-
tral corpection wiil not be dependent on the assumed resonance para-
meters.

| In this pépér ourvexnerimental data has not being corrected
as;ﬁn nrevioué ones, bécéuse to do this correction would imply to
know the distribution of neutron capturcs in functlon of energy wnich
was g priori“ not known and is one of the results of this investiga-
tion., |
| However only lb% of the activation experimental resonance
integral ofivéGe comes from heuﬁron caﬁtures in the MeV region, where
the flux in the reactor isvnot "nearly" I/E, and only this fraction
would significantly change for a cadmium covered sample irradiated
in a more thermalized spedtrume This frgction may be easily estimated
with the knowleage of- the fast flux and activation cé%s section of

6o at 1 MeV.
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Appendix I -

The activity of 77Ge and 77As per atom,in a germanium sample
that has been exposed to a flux equal to one, during a time, T,

and measured at a time,t, after the end of the irradiation is:

Ge) = ag 6({;) + fay _G/Cm)

77 - ~ A ~
(1 -1) bo Om) + by G(g) + £ bz O(m)

A(

/
i

As)

i

A ~

where 0 (g) and G (m) are the effective cross sections for the
production of the ground and metastable isomers, and the coefficients
agy 81, bos bl, bgy depend on the decay constants A1, A2y, A3

7m. 77 .
of "MGe, "‘Ge and "’As, the irradiation time and the time of the

neasurement.
Extrapolating to the end of the irradiation and dividing by

(1 - expk AT)), we have the satvration activities:

Ty = ATTGe) et

1 . eMT

A7 A3t
AS) = ( AS) < &

1 - et

Q(77

wnich can be expressed:

o"Ge) = O(g) + £Co Gtm)

Q(77As') = (1 -1)Cy 6(m) .+ Co 6‘(3) + f£C3 /(;‘(m)
or

oas) = G + By Om)

Bob . (1-71)F% + fC3
/ Cor




}
"

]
i

From well known c¢xpressions for radiocactive decay we have:

wE T ' | - LT oAk
Ay 2 “AsTY oAgk X ;- -Ag0 A
Co= = T : (1”8 LA --‘-2-1---\1 -< 1)& o
4 - @702 Ag_r.}\g AZ-";\".\
Cy has the same .form . wit‘h A3 instead of Ap,and Cp is similar,
replacing Ag with Az and Ay with Ag.
". c‘ ]
Com 2 | M (- S22 o™y 2 e nT)e et
4 - e L Pa-da A Az-Ag '

-

: 3 - Yy wAg Tl
_ Az (i _ A3 e)\_{f o e e b )(?. Az j
Ag—Ae Az~ Az=As '
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TABLE I

: 74
Resonance Integral and Resonance Selfshielding of  Ge

S Gp . I'Gu/0o - . Gp

(mg Ge/cme) calculated = méasurcd | e;ﬁerimontal
406 ... L7042 1.383 © %9135
28 . ,9622  1.497 1 .9888"

0 1 1.514 1
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TABLE II

‘ ) 78,
Resonance Integral and Resonance Sclfshielding for  Ge

{mg Ge/bmg) ca1Culated ‘measured experimental
406 0752 9,584 ) 0798 |
17 _ 987 11.860 v .SE8

0 | 1 12,004 1




. - a
7456 Cross Scction at 24 koV

Cross Section (barn)

REFERINCES - )
calculated — measured
Macklin et al.l957 , - . .057
Chaubey and Sehg al 1966 - : 020
R
Zakshmana Rao et al. 1970 ‘ 0896
Benzi 1969 049
Musgrove 1969 033
Dovbeniko et al. 1969 044 - 044
_Average 042 053

Estimated cross section at
24 keV with Maletzki et al. (1963)
parameters,with dispersion:

A B=t1 keV 016 b,

AE=t5 ko¥ o011 ©

a-llominal Sb-Be source neutron energy s
b-Tistimated cross sectlon varies = 10% if calculated at
22KeV,

¢-Calculated cross section does not vary if calculated
at 22 keV instead of 24 keV.
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TABLE IV
. » . ) 74 ) . - ’ . - -
Calculation of Ge Unresolved Resonancgﬁntegral (60keV < E & 10MeV)

¢

Resonance Integral (barn)

REFERENCES

1/E Spectrum Reactor Spectrum 2
resner formalism b 002
Benzi (1969) . .058 S .161
Tolstikov et al. 197 and

Dovbenko et al. 1969 055 ~ .150

a=- 54 group diffusion reactor épectrum calculatidn.
b-With Maletzki et al.(1968) parameters.
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TABLE V'

Evaluatipn of’74Ge Resonance Integral in the Reactor Spectrum_.a

I' (barn)
. REFERTINCES |
: ZmlO keV 10~60 keV 60 keV~10 MeV
Maletzki et al. 1968 b a3y .013 .005
Tolstikov et al. 1967.and
Dovbenko et al. 19&%8 2118 « 150

Benzi 1969° | -.126 .161

Experimental value I'=.68% 41

a-Multigroup diffusion calculation. '
b-arezt-W1pner calculation and Dresner: ;ormalism for non resolved
resonance integral.

c¢-Low resolution differential activation cross section measurement.
d-Semi-empirical statisticsal model cross section.
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