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A B S T R A C T 

" tbe r a t i o o^ 

Values o f H h e reduced a c t i v i t /onresonance i n t e g r a l t o 

t he t h e r m a l c ross s e c t i o n , I ' / ^ " o o f Nd , Nd and Nd were 

d e t e r m i n e d r e l a t i v e t o g o l d by measu r i ng cadmium r a t i o s . 

. A l i t h i u m - d r i f t e d germanium gamma ray s p e c t r o m e t e r 

was used t o r e s o l v e the a c t i v i t i e s o f t h e i r r a d i a t e d samp l es . 
a r e : 

The resultsVfor Nd I 7 C o = 1.42-0.10 and with 
an assumed <T0 = 1.4 barn, Г = 1 .99-0.20; for 1 4 8Nd 
Г / 6"o = 4.22-0.14 and with an assumed CT0 = 2.5 barn, 
Г = 10.5-0.9 barn, and for 1 5 0Nd Г / CT 0 = 13.7-0.8 and with 
an assumed CT0 = 1.2 barn, . . I ,; = 16.4-2.8. 

The resolved 
and unresolved epi thermal i ntegrals of Nd, Nd and Nd were 

calculated. 
Values of the spectral correction factor were also calculated, 

•the 
so the resonance integral could be obtained fromVepithermal 
integral data measured in our reactor spectrum.in this experi
ment. 

Epithermal integral a°nd spectral correction factors 
are listed in the text. 

The most important result of this investigation is 
148 that the Nd activation reduced resonance integral is about 

half of previously recommended value and consequently the radia^ 
148 t.ive width for Nd is also about half of previously accepted 

value. 
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M E T H O D 

The . cadmium r a t i i method used in t h i s 

e x p e r i m e n t gi ves tV>e r educed r e s o n a n c e i n t e g r a l i f i t i s assumed 

t h a t t h e r e a c t o r s p e c t r u m i s 1/E. 

However what i s r e a l l y measured by t h i s method i s t h e 

e p i t h e r m a l r e a c t i o n r a t e in a r e a c t o r s p e c t r u m minus the 1/v 
i 

contribution normalized to the slowing down flux at the resonan

ce energy of the standard. 

We may call this magnitude epithermal integral , I£ , 

and by means of a calculated factor 'f_, it would be posn'ble 

to obtain the reduced resonance integral, I': 

I ' = f I, (•1) 

Most previous work, either assumes I ' ̂  Ie or calculates 

£ assuming a relatively small departure from the 1/E distri

bution of the slowing^ down flux in the low energy range of the 

neutron spectrum. 

However there are a good number of isotopes in which 

the contribution of absorption produced by MeV neutrons in excess 

of the 1/E distribution is non-negligible (more than 1%). This 

implies first that in order to make a meaningful.comparison 

of the epithermal integral with.the calculated values, we must 

evaluate properly the unresolved epithermal integral and second, 

that the distribution of neutron captures in the whole range _. • 

of energy to 10 MeV must be taken into account for the calcu

lation оf f. ("See appendix' I)-



According to Westcott formalism (Westcotc _ i. a. ^958) 
we can deduce: 

(Го (2) 

where Ig is the epithermal integral,' Red is the measured cad
mium ratio: (r / T/To) is the epithermal neutron index; 1/K is. 
proportional to the ratio of the 1/v resonance integral above 
the cadmium cut-off to the thermal cross section СГ"0; Gr is 
the resonance self-shielding factor. 

In expression (2) the epithermal neutron depression 
in cadmium is negligible г and the cross section below 
the cadmium cut-off is 1/v» 

Resonance self-shielding was calculated using the neu
tron resonance parameters of Karzhavina et al. (1969) in a ra
tional approximation with Doppler broadening correction (Dres
ner I960). For the sample thickness used the resonance self-shiel 
ding is negligible. 
The cadmium ratios were measured relative to gold using ^jer-y 

thin neodymium-gold samples. These samples were prepared from 
a solution and contained the same proportions of neodymium and 
the standard ( 1 9 7 A u ) . . у : 

The proportions were adjusted to give approximately 
equal neodymium and gold gamma rays intensities in the 'amma 
ray spectrum. 



The gamma ray spectra of the bare and cadmium covered 
samples were then measured and the relative number of counts 
in the photopeak calculated. fhiiS only ratio of ratios are cMe/>oine 

minimizing most of the systematic errors inherent 
IV» this kind of measurement. . .. s 

lie cold cadmium ratioyat the irradiation place is 
1.684 ± 0.003 and with Г / <j- Q = 15.7 (Ricabarra et al 1968) ? 
the epithermal neutron index is г \| T/To = .0794 - .0003. 

The experimental results are compared with the calcu
lated values as described in the evaluation section. A multi-
group diffusion code was used to calculate the neutron spectrum 
at the irradiation site (Boix and SolanilTa 1967). 

The- conditions fulfilled 
by the present determination of resonance i ntegrals tj-jaf permi t 
a meaningful comparison wftth calculated values are: 

1 ) Hi gliNfresol uti on in order to be sure that the desired activi
ty is measured. 

2 ) Reproducibility of irradiation and counting positions. 
3 ) Negligible correction of neutron flux and epithermal index 

differences between bare and cadmium covered samples. 
4 ) Negligible epithermal seif-shielding in the samples. 
5 jAwell defined spectrum in a region whereYcii stri bution of ther

mal and epithermal neutron flux is as flat as possible. 
6 ) Anestimation of the slowing' down spectra ( by multi-

group calculation or other suitable method). Estimation 
of lMeV neutron flux is as important as the knowledge of 
the small deviation over the. 1/E spectrum between 1 eV and 
10 keV. 



For 1 4 6 N d , 1 4 8Nd and 1 5 0Nd the first condition is the 

important due to the comnlex gamma ray spectrum obtained 

by neutron activation of these isotopes. Adjitional details on 

this technique are described in previous work (Ricabarra et al. 

1968). 



(о 

E X P E R I M E N T A L 

N e u t r o n c a p t u r e , i n neodymium y i e l d s 147, d (11 days) , 
1 4 9 N d (1.8 hours) and 1 5 1Nd (12 minutes). 1 4 9 N d and 1 5 0Nd de-
cay to Pm (53,1 hours) and Pm (28 hours) respectively. 

151 Because the Pm gamma spectrum is complex (Ewan and Tavenda-
le 1964; Lederer et al. 1968), a careful analysis of the gamma 
spectrum was made to check that no impurities were present 
and to select well resolved photopeaks. 

A pure neodymiurn sample was irradiated four hours 
149 151 and gamma counted after decay of Nd and Nd. The photopeaks 

energies were checked in the range from 80 Kev to 600 keV. 
Activities were also checked to prove that they were 

decaying with the expected half-lives. 
From this measurement the 91 keV and 531 keV ..photopeaks 

147 149 
of Nd, the 285keV photopeak of i 4 3Pm and the 340keV p.hotopeak 
of 151 Pm were selected to measure the cadmium ratio. 

14 7 • '• 
The Nd 413 keV gamma ray slightly affects,the de-

iflg . 

termination of the 412 keV Au gamma ray activity in the 
neodymium-gold samples. To correct for this contamination the 
ratio of the 413 keV photopeak activity relative to the 91 keV 

1 4 7 • • 

and 531 keV Nd photopeaks ; acti vi t'-es. i n; a . pure, neodymi urn sam
ple was used. The effect of this correction in the cadmium ra-

ri urn ra
the irradiation and it is less than 

tio of the neodymium isotopes relative to the gold cadrrv 
cit -the end of. 

tio is negligible 
1,5% fi ve days 1ater. 



Neodymi uni-gol d samples 3 mg/cm? thick containing 3 parts of gold 
per 10 OOOparts of neodymium were prepared. Bare and cadmium 
covered samples were placed four cm apart in the central graphi-
te reflector of the Reactor Argentina 1 (10 n/cm^ sec thermal 
neutron flux) where the neutron epithermal index and thermal 
flux distribution- are flat in an ample region (Ricabarra et al . 
1970). 

The samples were irradiated 4 hours and measured 
alternativaly during 100 hours starting 24 hours after irradia
tion. 

The samples were gamma counted in a lithium-drifted 
germanium gamma ray spectrometer, the amplifier output was con
nected to a 100 megacycles ADC interfaced to a 8 К Hewlett -Pa
ckard 5406 В computer and the gamma spectrum accumulated in a 

memory region. Background substraction, integration under the 
the 

photopeaks, time extrapolation and normalization toTgold pho-
topeak were performed on line. The c^uo~te.d results are tUe 
a.vera.oe values iro№ live L rra. dl at't ons. 

146, Nd 
The ratio of cadmium ratios obtained from the 91 keV 

147 and 531 keV Nd gamma rays is 

or 

R C d ( 1 4 5 N d ) / R C d ( 1 9 7 A u ) = 3.43 t 0.05 

R c d ( 1 4 6 N d ) = 5.78 ± 0.08 

and I e /G"o = 1.84 + 0 . 0 3 

w i t h <7o = 1.4 barn (Walker 1 9 6 9 ) , 1^ = 2 . 5 8 i 0 . 2 0 b . 



148, 

The average result obtained by measuring the 285 keV 
149 Pm photopeak is: 

or 

R c d( 1 4 8Nd)./ RCd(197Au)' 

Rcd(148Nd) 
and I e /G" о 

and w i t h CTo = 2 . 5 barn (Walker 1969) 

1.85 - 0 . 0 3 

3 . 1 1 - 0 .05 

4 .69 - 0 . 1 1 

14 1 1 . 7 : 1.0 barn 

150 Nd 
151 The r e s u l t from t h e 340 keV Pm gamma r ay i s 

R c d ( 1 5 0 N d ) / R C d ( 1 9 7 A u ) = 0 .99 - 0 .02 
150 R c d ( 1 5 0 N d ) = 1.67 - 0 . 0 3 

• W 

or 

and I '& I Go = 1 5 . 6 - 0 . 8 

i t h (To = 1.2 barn (Walker 1969) I k = 1 8 . 7 - 3 .2 b 



EVALUATION OF THE ACTIVATION RESONANCE INTEGRAL 

OF 1 4 6 N d , 1 4 8 N d AND l 5 0 N d . 

General considerations about paste neutron cross section 
and related integral data. 

There are several time of flight measurements of Nd, Nd 
150 and Nd neutron resonance parameters from various laboratories 

Measurements from Dubna (Karzhavina 1969) has been made by trans' 

mission and capture technique on enriched neodymium samples. 
Measurements from Sac!ay has been made by transmission 

on natural neodymium (Alves 1969) and on enriched neodymium sam
ples (Tellier 1971). 

There are also measurements on natural neodymium sam
ples using transmission and capture technique reported from 
Gee! (Migneco et al. 1969) . 

The time of flight measurement of Tellier(1971) has 
better energy resolution and a more extended energy range 
(up to 20 keV ).However since he measured only transmission, 

radiative widths are poorly determined for re-' 
sonance with large neutron widths. ~ -

Some observation'may be made on neutron resonance 
parameters determined by these time of flight experiments which 
are relevant for neutron capture integral data calculation. 

For instance it may be seen in table LI that for the 
two main neutron capture resonances of 148, d the radiative 
width obtained by different laboratories is strongly discrepant, 

150 
On the other hand for Nd the main capture resonan

ce integral is not as- dependent on 1^ and although I # is 
discrepant by a factor of two between Tellier and Karzhavina, 
( С» 1^ ) / Г is in excellent agreement among different labora-



tori es (See table III) 
Similar considerations may be applied to the first re-
1 Л Г 

sonance of Nd in which there is a basically good agreement 
between Karzhavina and Tellier (Table I ) . 

Thus examination of available results on radiative 
widths shows that there is an uncertainty about the radiative 

148 15 0 width for Nd and Nd which is important for the calculation 
of neutron captures in the unresolved high energy region of the
se isotopes. , 

i 

This is related to • the evaluation of the unresolved -
part of the e pi thermal .and resonance integral which was' previous-
ly estimated with an s-wave approximation. This may not.'be an< 
adequate choice because the unresolved epithermal and resonance 
integral has to be calculated above 10 keV for neodymium isoto
pes and it has been shown that above this energy s~wave appro
ximation like Dresner treatment may seriously underestimate the 
unresolved neutron captures (Ricabarra et al. 1972). (See Appen
dix I) . v 

In table IV may be seen the unresolved epithermal and 
resonance integral calculated with a semi-empirical statistical 
model radiative neutron cross section (Benzi and Reffo 1969). 

The semi-empirical calculation of Benzi has probably been 
fit to the data of Johnsrud et al (1958) as normalized by Goldberg 

' 1 4 R 1 ̂  f) * ''••.' 

"•et al (1966) for Nd and Nd. This measurement is for' ener
gies higher than 100 keV and were normalized by Goldberg et al. 
(l966) to their recommended absorpti on ..thermal neutron cross section (Г0 ( 8Nd) = 2.9 - 0.6 barn and STo ( Nd). = 1.8 - 0.3b 150, 



Since these values are too high according to the recent evalua

tion of Walker (1969) we have renormalized the Johnsrud data 

and the Benzi semi -empi ri cal fit to Walker's recommended neu-

148 15 0 
tron activation thermal cross section for JNd and Nd. 

It is difficult to estimate the error which may be 

assigned to a semi-empirical calculation or low resolution diffe

rential activation measurements. We assume rather arbitrarily 

that the calculated unresolved resonance integral may be in a 

error by 50%. 



DISCUSSION AND COMPARISON OF EXPERIMENTAL AND CALCULATED|EPITHERMAL 

INTEGRALS FOR 1 4 6Nd,. 1 4 8Nd and 1 5 0 N d 

One may examine results shown in table V for H, in which is 

shown a good agreement between I Q / % measured by us and that of Als-

tad(1967). 

However Alstad spect.rum( heavy water, natural uram:um lattice) 

may be softer in the high energy region than our spectruri! (enriched 

uranium, light water reactor), in consequence a better comparison in 

the light of the comments made in the appendix needs a knowledge of 

the fast flux in the irradiation facility of Alstad. 

The reduced resonance or epithermal' integral calculated with 

•the resonance parameters of Karzhavina (1969) is lower by about 1 

barn than that obtained with our experimental results and this figure 

is comparable with the resolved resonance integral and cannot be ex

plained by discrepant resonance parameters of ^ Nd or spectrum co

rrections in the low energy resonances. 

The disagreement would be reduced if our calculated unresolved 

epithermal integral were added to the resolved one. This suggests 

that at least for ^ Nd neutron captures above 10 keV are comparable 

to that below 10 keV in the spectrum of a light water, enriched ura

nium reactor. 

The activation epithermal integral of l ^ N d measured by us 

agrees with that measured by Alstad (1967) and both measurements 

disagree with the experimental determination of Rider et al.(1964) 

(see table VI). The same comment made above about spectrum differen-
i 

ces in our reactor and that of Alstad and Rider is valid here, how

ever the difference in the experimental epithermal integrals are 

well within the quoted errors. 



f г 

Calculation with resonance parameters of Karzhavina et al 
(1969) is higher than the experimental results by a factor of two. 
However as has been pointed out before, radiative width which is the 
relevant parameter for the calculation of resonance integral of 
l ^ N d iS strongly discrepant among different time of flight measured-
men ts . 

In principle one may be inclined to give preference to the ra
diative width obtained by Karzhavina time of flight experiment becau-
se of the use of transmission and capture technique on enriched sam
ples (conditions .not fulfilled completely by the other experiments), 
however good agreement- between ourselves and Alstad strongly suggests 
that radiative width for *^°Nd may be half of the value determined by 
K.arzhavina and similar to the radiative width of - ^ N d . 

I ДО 

Also the neutron activation thermal cross section of 1 4°Nd is 
significantly lower than that calculated with Karzhavina neutron re
sonance parameters when one would expect the opposite due to the con
tribution of virtual levels that in N d and l j 0Nd contributes to 
the activation thermal cross section with about 1 barn. 

Results shown in table VII for 1 5 0 N d show a difference of 15% 
between our value of 1|/(Г0 and that of Alstad et al . (1967), although 
they agree within their quoted errors. The epithermal integral cal
culated with the Karzhavina resonance parameters is lower by around 
30% and this disagreement would be reduced significantly if the un
resolved epithermal integral calculated in our reactor spectrum is 
added to the resolved one. 



FINAL RESULTS: EPITHERMAL AND RESONANCE INTEGRAL FOR 

1 4 6 N d , 1 4 8Nd AND 1 5 0Nd 

One may discuss which data may be useful to quote. The first 

problem arises when we compare our results with the results from 

other papers where there is not other information about their 

spectrum than a "nearly" 1/E spectrum, in the low energy range. 

Evaluation has always been made with a 1/E spectrum,'which 

is reasonable; however in some cases these data may significantly 

differ from the reactor data due to the importance of h;igh energy . 

neutron captures. 

We calculate a spectrum correction factor,f_ , as the ratio 

of epithermal neutron captures in a 1/E spectrum to the epithermal 

neutron captures in our reactor spectrum: 

is the neutron capture cross section which -̂ as been 
v 

calculated using Karzhavina neutron resonance parameters in the're-

solved energy range and with the semi-empirical statistical model 

calculation of neutron capture cross section (Benzi and Reffo 1969) 

in the unresolved region and R ( E ) is the reactor spectrum calcu

lated with 54 group diffusion code. 

The unresolved epithermal and resonance integral of * ^ N d is 

comparable to the resolved one, then a 6% systematic error in f_ must 

be expected due to 50% error atributed to our calculation of the 

unresolved epithermal integral.This systematic error is less than 



2% for the other neodymium isotopes. Final results are shown in 

tablQ V I I I . 



CONCLUDING REMARKS 

We have finally arrived at a meaningful comparison 

of experimental and calculated activation integral data for 
. . - - ' - t IIS a 

1 Nd, l 4 ° N d ana' "" Nd. Th i s has. permi t e d } t o c a l c u l a t e d s p e c t r a l 

c o r r e c t i o n f a c t o r t o ge t the resonance 

. m t e o r a i s f r om our measured Qp/ihermaL inte^ra.Ls (or these 

T he r e s u l t о f t h i s • i n v e s t i g a t i on i s t h a t fo r 146, 

ana 
150 Nd the c a l c u l a t e d QPitkQrma,L integral 

agrees reasonable well with our experimental result. However 
for ' Nd, captures above lOKeV are quite significant, then a 
better knowledge of the neutron radiative capture cross section 
at high energies.would improve the evaluation of the resonance 

integral. 
1 А Я The most important conclusion is that for Nd our 

activation resonance integral is about half of the value 
recommended by Walker(1969) and that the corresponding 
'average radiative wid'tli is also,about half of ̂ previously accep
ted value (Karzhavina et al. 1969). 



A P P E N D I X I 

The inadequacy of a^s-wave statistical model calculated neutron 

radiative cross section for the estimation of neutron captures 

above 10. keV has been shown for keV average resonance spacing 

Isotopes where this inadequate calculation produced an apparent 

discrepancy of a factor of three between calculated and experi

mental activation integral data (Ricabarra et al . 1972). 

In our-previous work is was also shown that . 
riot on£-j 

the s-wave approximation produced a significant error\in the va

lue of the unresolved epithermal and resonance integral, but o.Lbo 

tn the distribution of neutron captures in function of energy, 

underestimating seriously neutron captures at IMeV where the 

neutron reactor spectrum deviates strongly from the 1/E assump

tion and has a nearly fission spectrum shape. . 

This may be easily shown for Nd. The measurement 

of the activation cross section made by Hughes (1953) at 1 MeV • 

gives 40 milibarns (cross section at the same energy measured 

'by Johnsrud et al (1959) or calculated by Benzi and Reffo (1969) 

.for 1 4 8 N d and 1 5 0 N d are within 50% of this value). 

Assuming that the fast reactor spectrum has a nearly 

fission shape the contribution of MeV neutron captures.to the 

epithermal integral may be easily estimated with, values of fast 

flux (measured with thresho]d,detectors) and epithermal flux 

(measured with gold). Our estimation gives for this fraction 

( tfast/ i e K • G~nff (lMeV)) the value of .38' barns. 
i n /re <з r» а . Ь i o p , i 

The same fraction estimated L'V rwm.«Lrücai. "Y-Uli ng 54 ; 

group calculated reactor spectrum and the radiative captures 

cross section calculated with a semi-empirical statistical mo

del by Benzi and Reffo (1969) gives .47 barn.. 



This fraction is in between 10 and 20% of the total 
epithermal integral (Ig = 2.6 barn) and is about half of 
the estimation of the unresolved epithermal integral which 
takesinto account, all neutron captures above 7keV. 

An s-wave approximation would have given a cross sec
tion at IMeV more than one order of magnitude smaller (0.7 mi 1 i -
barn) than that measured by Hughes (1953) and the calculated 
contribution to- the epithermal integral would have been enti
rely ne gl i gi Ы e . t h a t 

This simple example showsYa better statistical model 
description of the capture cross section above 10 keV 5 
than that provided for an s-wave approximation, is n e e d e d 
to make a meaningful comparison of calculated values v/Lth expe
rimental integral data. 

As far as the rel ati ve i nf 1 uence of neutron '-^-captu
res for i Nd, Nd and Nd at the relatively low energy 

i 

range (10 keV ^ E £ 50 keV) we may refer to the work of Thiru-

mala Rao et al. (1970), that has shown that at 25 keV for the

se isotopes a p-contribution larger than 50% is present. 

Numerical details of our reactor spectrum and 1/E neu

tron captures calculation in the unresolved reqion of Nd are 
i 

given in .Table IX. This integration has been made above 7 keV using 

neutron radiative capture cross section of Benzi .and Reffo (1969) 

and a calculation of our reactor spectrum with a 54 group code. 

Dresner approximation gives in this region I* = 0.09 barn. 

A I ' and M g are the neutron captures per energy interval in a 

1/E spectrum and in our reactor spectrum normalized to the.slowing 

down flux at low energy. 
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d activation epithermal integral. 

Final results for 1 4 6 N d , 1 4 8Nd and 1 5 0Nd. 

Calculation of high energy neutron captures of 
146, 

Id. 



T A B L E I 

1 Hfi 
leut ron resonance parameters o f Nd f i r s t resonance (361eV) 

Reference ( m e V ) 
rn 

(meV) 

Karzhavina e t al . (1969) 

. T e l l i e r (1971) 

55 t 8 43 t 7 24.1 

65.5 + 20 .1 44.5 t 2 .5 26.5 



•г-г 

T A B L E II 

148 Neutron resonance parameters of Nd main resonances. 

********************************************************** 

Er Гу «n Г 
Reference 

(eV) (meV) (meV) (meV) 

Karzhavina et al. (1969) 100 t 15 ' 1610 t 240 1710 
Migneco et al. (1969) 70 t 8 2000 2070 

155 
Alves et al. (1969) (40)a 2460 t 200 2500±200 
Tellier (1971) (250 i 283)a1850 t 200 2100+200 

r 
***************************************** 

Karzhavina et al. (1969) 96 t 14 26000+ 200 2696 
Migneco et al (1969) 5B t 6 1980 ± 100 2038 

ч 285 
Alves et al. (1969) , 3700 + 370 
Tellier (1971) (50 +224)a 3130 ± 100 3180t200 

**************************************************************** 

a.- Obtained only by transmission. The radiative width has a ve
ry large error because was obtained by difference of large 
quantiti es. 



T A B L E Т Ч 

150 Neu t ron resonance pa rame te rs o f N d . f i r s t resonance ( 7 8 . 9 eV) 

ъ**************************************************************** 

Refe rence Tn 
(rneVT 

Гп Гу 

Karzhavina e t al . (1969) 115 t 20 15.1 t 1.6 1,3.3 

Migneco e t al . (1969) 70 ± 20 18 i 2 ,5 '1-4.4 

T e l l i e r (1971) 51.1 ± 1 0 18.9 + 0.5 I>.9 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 



T A B L E IV 

Calculted unresolved epithermal and resonance integral of 

146.., 148., . an . 150w . Nd, Nd and Nd. 

*********************************************************** 

Isotope 
Unresolved Resonance 
Integral (barn) 

(1/E Spectrum) 

Unresolved tpithermal 
Integral (bann) 

(Reactor Spectrum) 

146 Nd 

148Nd 

150 Nd 

0.64 

0.56 

1.21 

1.16 

1.03 

1.91 

******************************************************************* 



T A B L E V 

146, Id a c t i v a t i o n e p i t h e r m a l i n t e g r a l . 

************************************ *********************** ****** 

Refe rences (To 
TbarnT" 

h&L. 
"(barn) 

A l s t a d e t a l . (1967) 1.3 - 0 . 1 

Thi s p a p e r 1.4 a 

B r e i t Wigner c a l c u l a 
t i o n b 

U n r e s o l v e d e p i t h e r m a l 
i n t e g r a l ( r e a c t o r s p e c 
t r u m ) 0 

1.9 - 0.24 2.5 t 0.25 
+ + d 

1.84- 0.03 2.58= 0.20 

1.761 

1.16 

i: * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • , 

a.- Walker (1969) recommended value 

b.- From Karzhavina et al. (1969) neutron resonance parameters 
and **i ncreased, by a 10% to account for the reactor spectrum 
deviation (in a 1/E spectrum I' = 1.6). 

c - Cross section from Benzi and Reffo (1969) statistical semiem-
pirical calculation. 

d.~ Thermal cross section error quoted by Alstad.et al. (1967). 



T A B L E VI 

148 Nd activation epithermal integral 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * y * * * * * * * * * * * 

References q> 

(barn) 

I ' / q e' uo I P 

(barn) 

Rider e t a l . (1964) 

Als tad e t a l . (1967) 

T h i s p a p e r 

B r e i t Wigner c a l c u l a 
t i o n b 

Unresolved epithermal 
integral (the reactor 
spectrum)0 

2.54 - 0.18 

2.5 
a. 

2.5 

3.27 

0.2 

6.97-0.74 17.7-1.4 

5.2 0.9 

7.2 

13 t 2 

4.69 - 0.11 11.7 - 1.0 

27.7b 

1.03 

a.- Walker (1969) recommended value 

b.-.From Karzhavina et al. (1969) neutron resonance parameters 
and increased by a 10% to account for the reactor spectrum 
deviation (in a 1/E spectrum I' = 25.2) 

c - Cross section from Benzi and Reffo (1969) statistical semiem-
pirical calculation. 



T A B L E V I I 

150 Nd a c t i v a t i o n ep i thermal i n t e g r a l 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

References o„ \Uo0 4 
(barn) ! (barn) 

A ls tad e t a l . (1967) 1.0- 0.2 

Thi s paper 1.2a 

В re it Wigner calcula
tion b 

Unresolved ep i thermal 
i n t e g r a l ( r e a c t o r spect rum) c 

13.6 - 4.7 13.6 - 3.9 
15.6 -'0.8 18.7 - 3.2b 

15.3 

1.91 

******************************************************************* 

a.- Walker (1969) recommended value. 
b,- From Karzhavina et al. (1969) neutron resonance parameters'^ 

srrd increased by jsf 10% to account for the reactor spectrum 
deviation (in a 1/E spectrum I' = 13.9). 

c - Cross section from Benzi and Reffo (1969) statistical semi em
pirical calculation. • 

c - Thermal cross section error quoted by AIstad et al.i (1967) . 



T A B L E VIII 

Final results for 146Nd, 148Nd and l50Nd 
************************************************************************ 

f 

146 

148 

150 

Previous Evaluation 
Г 

(ba rn ) 

Calculated Data Experimental Data 

U : i' 
(barn) 

I, I 
(barn) 

Nd 

Nd 

Nd 

2.0 

20 

14 

2.92 2.24 

28.73 25.76 

17.21 15.11 

0.77 - 0.05 

0.90: - 0.02 

2.58 - 0.20 1.99 - 9.20 

11.7 •- 1.0 10.5 - 0.9 

0.88 - 0.02 18.7 - 3.2 16.4 - 2.8 

******************************************************************************************************** 

a.- Walker (1969) 



TABLE IX 

1Дб 
CALCULATION OP ШОП ENERGY 21SOTBON CAPTURES OP ч Nd, 

LSTABOY 

7.264 
7.131 
7.013 
6o908 
6.215 
5.809 
5.521 
5.293 
5 . I I6 
4.961 
4.828 
4.710 
4.605 . 
3.912 
3.506 
3.218 
2.995 
2.813 
2.659 • 
2.525 
2.407 
2.302 
I.897 
1.609 
1.386 
1.203 
1.049 
0.916 
О.693 
0.5Ю 
0.356 
0.223 
0.105 
0 

E . 

keV 

7 
8 
9 

10 
20 
30 
40 
50 
60 
70 
80 -
90 

loo-
200 
300 . 

. 400 
500 
600 
700 
800 
900. 

1000 
1500 
2000 
25ОО 
3000 
3500 
4000 
5000 
6000 
7000 
8000 
9000 

10000 

E < K E ) ' a 

Norm. 

1.139 
1.142 
I . I42 
1.142 
1.186. 
1.322 
I.405 
1.473 
1*541 , 
1.587 
1.662 
1.715 
1.313 
2.282. 
2.871 
3.953 
3.627 
4.262 
4.776 
4.776 
4.776 
4.927 
5.652 
5.720 
5.667 
4.761 
3.778 
3.113 
2.085 
1.307 
O.89I 
0.453 . 
0.131 
0 

О) ъ 

moarn 

291.5 
277 
264.3 
252.9 
177.5 
138.3 

. 115.8 
102.0 

93.4 
87.7 
83.9 
81.4 
79.7 
73.7 
71.8 
78.3 
36.6 
28.5 
27.1 
27.5 
28.8 
30.9 
35.7 
32.0 
21.0 
14.2 

9.0 
. 5 .8 

2 .5 
1.2 
0.6 
0.45 
0.78 
I . 9 I 

A I ' 

mbam. 

— 

33.1 
32.0 
27.3 

170.3 
' 67.4 

37.5 
24.7 
18.0 
14.0 
11.5 
.9.8 
8.5 

58.3 
30.4 
21.1 
12.8 

6.0 
4 .3 
3.6 
3.3 
3.1 

.13.6 
10.0 

6.1 . 
3.3 
1.8-
1.0 
1.0 
о.з 
Q.14 
6.07 
0.07 . 
0.13 

A l e 

mbarn 

— 

43.4 
36.5 
31.2 

197.0 
83.1 
50.З 
35.3 
27.0 
21.9 
18.6 
I6 .4 
14.9 

114.4 
76.4 
70.6 
4 9 Ö 
23.4 
19.4 
17.4 
15.3 
15.2 
71.7 
56.5 
34.7 

.17.6 
8.0 
3.5 
2.7 
0 .6 
C . l6 

. 0 .05 
0.02 
0.07 

a- Normalized to low energy slowing down flux (4»5 eV) 
Ъ~-Cross sections from Benzi and Reffo (1969) 


