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ABSTRACT

the r@tu:OQ ,;

Values oflthe reduced activitmnresohance integral to

146 148 150

Nd, Nd and Nd were

the thermal cross section, I1'/To of
determined relative to gold by measuring cadmium ratios.
A Tithium-drifted germanihm'gamma ray spectrometerv

was used to resolve the activities of the irradiated samples.

. are: .
The results\VFor 149Nd 1'/ Go = 1.42%0.10 and with
an assumed Qp = 1.4 barn, I' = 1.99%0.20; for 1%8nd

v Go = 4.2270.14 and with an éssumedcyb = 2.5 barn,
1' = 10.5%.9 barn, and for °ONd 1'/ G, = 13.7%0.8 and with
an assumed Gy = 1.2 barn, 1Y = 16.4%2.8. '

| The resolved

150

146 148 - Nd were

and unresolved epithermal integrals of Nd, ~“Nd and
calculated. | A |
Values of the 'spectraT correction factor were also calculated,

_ the
so the resonance integral could be obtained froﬁvgpitherma1

integral data measumedl in our reactor spectrum in this experi-

ment.

Epithermal 1nfegra1 and spectral correction factors

are listed in the text.
The most ﬁmportént 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

tive width for. Nd is also about half of previously accepted

value.



INTRODUCTION

Accurate neutron reactor effective cross section for

146 148 150

Nd, Nd and Nd have » ’

been requested by.the last panel on burn-up physics.(IAEA 1971).
In addition in spite of the effort made tb'study

neutron resonance parameters of neodymium isotopes by time of

flight technigue (Alves et al. 1969; Migneco et al. 1969; Karz-

havina et al. 1969; Te]iier 1971) still there is a considerable

148Nd and 150N

uncertainty about.the‘radiative widths for d
ﬁeeded for accurateestimation of keV and MeV neutron radiat%ve
c&ptures for fast reactor burn—ub and reactivity calculations.
Resonance integrals . : provide a reliable check of
~ . confidentl ) :
how_“\(’*7553%3nce parameters may be - used to calcu-
late neutron capture integral data and in fhis senée'may be con-
sidered as an experimental teéhnique.of evaluation apart from
its practical importance for thermal reactor physics..
‘In this work a measurement of the aétiVation resonan -

146Nd,148Nd and150

ce integralsof Nd was undertaken together with
an evaluation of neutron resonance parameters, neutron capture

cross section and related integral data.



METHOD

The : Céaﬁﬁﬁm.rativ method - wused in this
experiment gives the reduced resonance integral if it 1§'assumed
that the_réactor spectrum is 1/E.

However what fs really measured by this methad is the
epitherﬁa] reagtion rate in a reactor spéctrum minus the 1/v
contrﬁbution.normdlized to the slowing down flux at the resonan-
ce enérgykof the standard.

| We.-may call this magnitude epithermal 1ntegr§],'1é,
and by means of a calculated factor f, it would be posfgble

to obtain the reduced resonance integral, I

I' = f I¢ (1)
Most previous work. either assumesI' ¥ Ie or calculates
f assuming a = relatively small departure from the 1/E distri-

bution of the slowing: down flux jn the Tow énergy range of the
nFutron spectrum.

| Howeyer thére are a good number of isotbpes in which
the contribution of absdrptidn produced by M2V neutrons in excéss
of the 1/E distribution is non-neg]iQib}e (mofe thanll%). Thiﬁ
implies first that in order to make é meaningful. compatrison -
of the epithermai'integral with the ca]éu]atéd values, we must
eyaluate properly the Unreéoived epitherma] integral and second,
that the distributibn'of neutron capturés.in the whole range _—
of'enérgy to 10 MeV must be taken into account fof the ca]cut

lation of f. (See appendix I).



8T

According to westcott'formalism (Westcott <. a, .958)

we can deduce:

LG & 1= R (V7 ) (%)
B (Rca~i)(f\ﬁ7}:> | 2)

where I,  is the epithermal integral; Rggq is the measured cad-

mium ratio: (r JPT7TB) 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 U}; Gr 1s'.
" the resonance self-shielding factor.
In expression (2) the epithermal neutron depression

in cadnium islnegligible T and the cross section below
the cadmium cut-off is 1/v. |

| Resorance self-shielding was calculated using the neu-
tron resonance parameters of Karzhavina et al. (1969) in a ra-
tional approximatfon'with Doppler broadening-correction'(Dres-
ner 1960). For the sample ihickness used the resonance self-shiel-
ding is negligible. |
The cadmium ratios were measured relat%ve to gb]d using'very
thin neodymium-gold samples. These samples were prepared from
a solution and contained the same proportions of neodymium and
the standard (197Au). '  - : ‘ ¥

| | The proportions were adjusted to give épproxiﬁate]y
equal ‘neodymium and gold gamma rays 1nfensities in the ﬁamma

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. (hus only ratio of ratios are determive
minjmizing’most of the systemétic errors - ~ inherent
l.'v"this kind of measurement.n%gﬁib |
Tkego]d cadmium ratio/ﬁt the irradiation place is
- 1.684 t 0,003 and with I' /G, = 15.7 (Ricabarra et al’ 1968),
;ﬂ> the epithermal neutron index i§ r Q-?7Tg'= 0794 T .0003.
| The experimental results are compared with the calcu-
lated values as "~ described in the evaluation section. A multi-
group diffusion code was usgd to calculate the neutron ;pectrum
af the irradiation site (Boix and Solanilla 1967). |
‘ ‘ The conditions - fu]fiﬂ]ed

by the present determination of resonance integrals thef permit

a meaningful comparison with calculated values are:

- X-18
1 ) High\resolution in order to be sure that the desired activi-

ty is measured.

2 ) ReproducibiTity of irradiation and counting positions.

3) Nég]fgib]e correction of neutron flux and epithermal 1nﬁex
differences between bare and_cadmium covefed samples.

4 ) Negligible epithermal self-shielding in the;samp]eé.

5 JAwell defined speCtrum.in a region wher?é%%%%%ibutioh of ther-
mal dnd epithermal neutron fluxuis‘és flat as possible. ’

6 ) Aneétihation of the s]bwing'dbwn spectra { by multj-
grogp'ca1cu1ation of.other‘suitab1é method). . Estimation
of 1MeV neutron f]ux-is as‘1mportan£ as the knowledge of

the sm&17.dev1atioh over the 1/E spectrum between 1 eV and

10 keV.



148 150

146Nd, Nd and- Nd the first condition is the

For

important due to the comnlex gamma ray spectrum obtained

by neutron activation of these isotopes. Agﬁfiona] details on
this technique are described in previous work (Ricabarra et al.

1968).

e



EXPERIMENTAL

Neutron capture.in neodymium yields 147

Nd (1.8 hours) and 151Nd (12 minutes), 143

cay to 149Pm (53,1 hours) and 151

151

Nd (11 days),

150

149 Nd and T29Nd de-

Pm (28 hours) respectively.
Because the Pm gammaispectrum is complex (Ewan and Tavenda-
Te 1964; Lederer et al. 1968), a careful analysis of the gamma
spectrum wasvmade to check that no impurities were present
and tb select well resolved photopeaks.

A pure heodymium sample was- irradiated four hours

149 151

and gamma counted after decay of Nd and Nd. The photopeaks

ehergies were checked in the range from 80 Kev to 600 keV.
Activities were also checked to prove that they were
decay1ng with the expected half-lives.

From this measurement the 91 keV and 531 keV photopeaks

147 149

of Nd, the 285keV photopeak of

151

"Pm and the 340keV photopedk

Pm were selected to measure the cadmium ratio.
147

of

The Nd 413 keV gamma ray slightly affects the de-

198

termination of the 412.keV Au gamma ray activity in;the

neodymium~go]d samples, Yo correct for this contaminat%on the
ratio of the 413 keV photopeak activity relative to the 91 keV

and 531 kev 147

Nd photopeaks: activittesih;afpure.neodymium sém—

ple was used. The effect of this correction in the cadﬂﬁum ra-

tio'o; the neodym1um 1sotopes relative to the gold cadm1um ra-
at the end ©

"tio is negligible . <,the.1rrad1at1on and it is Tless than

1,5% five days later:.



Neodymium-gold samples 3 mg/cmé thick containing 3 parts of gold
per 1Q‘900parts of neodymium were prepared. Bare and cadmium
covered samples were p1acéd four cm apart in the central graphi-

12n/cm2 sec thermal

te reflector of the Reactor Argentino 1 (10
neutron flux) where the neutron epifherma1 index and therma]
flux distributjon~are flat in an ample region_(Rfcabarra et al.
1970).

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

The samples were gamma coﬁnted fn a lithium-drifted
gérmahium_gamma ray spectrometer}'the amplifier output was con-
nected‘to a 100 megacycles ADC interfaced to a 8 K Hewlett -Pa-
ckard 5406 B computer and the gahma spectrum accumulated in a
memory region. Background substraction, infegratidlhunder the

e

photopeaks, time extrapolation and normalization toYgold pho-

topeak were performed on line. T he quoted results are the
a.verqge Ua,goes {rom .glve trradiations. '

146,

Nd
The ratio of cadmium ratios obtained from the 91 keV
" and 531 keV 147Nd gamma rays is:
| Reg (FPONa)/ R (PPTAu) = 3,43 T ol0s
or '
de(146Nd) = 5.78 t 0.08
and  1J/Go =1.84 % 0.03

with Go = 1.4 barn (Walker 1969), I& = 2.58 * 0.20b.



148y g

The average result obtained by measuring the 285 keV

149Pm photopeak is:

148 197, v _ 1 ae *
Reg (11ONa) 7 Rey(PPTau) = 185 % 0,03
or RCd(148Nd) - 3.11 Y 0.05
and 1L/Go = 4.69 X 0.11

and with Go = 2.5 barn (Walker 1969) I = 11.7 £ 1.0 barn

150Nd
The result from the 340 keV 151Pm gamma ray i;:
150 197 _ |
RCd( Nd) / RCd( Au) = 0.99 - 0.02
or Ry (PP%Nd) = 1.67 T 0.03
and Ie/Go =15.6 - 0.8

Cwith Go = 1.2 barn (Walker 1969) 1L = 18.7 L 3.2 b..



EVALUATION OF THE ACTIVATION RESONANCE INTEGRAL

146 148

Nd , Nd AND

150N

OF d.

General considerations about basic neutron cross section

and related integral data.

148

146Nd,

There are several time of flight measurements of Nd

and 150Nd neutron resonance parameters from various laboratories.
Measurements from Dubna (Karzhavina 1969) has been made by trans-
mission and capturé technique on enriched neodymium samples. |

Measurements from Sac1éy has been made by transmission
on natural neodymium (Alves 1969) and on enriched neodymiUm sam-
ples (Tellier 1971).

There are also heasurémen;s on natural neodymium sam-
ples using transmission and capture technique-reported}from
Geél (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 meaéured only trénsmiésion,

radiative widths 'are' - poorly determined for re~
sonhance with large neufron.widthé.

Some observation -may be made oh neutron resondnce
parameters determfnéd by these time of fiight éxperihents which
are relevant for neutrQn_Capture integral data calculation.

For instance it may be séeﬁ in}table IT that for the

148

two main neutron capture resonances of Nd the radiative

width obtained by'differént laboratories i strongly discrepant.

150

On the other hand for Nd the main capture resonan-

ce integral is not as dependent on T% and a1though‘ F% is ‘
discrepant by a factor of two bétween,Te]]ier and Karzhavina,

('r; K; )/ (ﬁ is in excellent agreement among different labora-



—%at al (1966) for

tories (See table III).

Similar considerations may be applied to fhe‘first re-
sonence of 146Nd in which there is a basically good agfeement
between Karzhavina and Tedlier (Table I).

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

-148Nd and 150,

width for Nd which is important for the calculation
of neutron captures in the unresolved high energy region of the-
se isotopes. | ? |
This is related to- the evaluation of the un#eso]ved v
part of the epithermal. and resonance integral which wésfpreVious-
ly estimated with an s-wave approximation. This may noﬁﬁbe an:
adequate choice because the unresd]ved epithermal and résdnance
'1ntégra1 has to be calculated above 10 keV for neodymiu% isoto-
pes and 1t‘has been shown that above this energy s-wave appro-
x1mat1on 11ke Dresner treatment may seriously underest1mate the
unresolved neutron captures (R1cabarra et al. 1972)._(S§e_Appen—
dix I). ' ' ¥
In table IV may be seen the unreso]ved epithe#ma] and
resonance 1ntegfa1 calculated with a sémi—empirica] statistical
modei radiative neutron cross section (Benzi and»Reffb 1969).
The semi-empirical ca]cuTat1on of Benzi has probably been
f1t to the data of Johnsrud et al (1958) as normalized By Goldberg

v 148 150 . -

Nd andi Nd. This measurement is for ener-

gies higher than 100 keV and were horma]ized by Goldberg et al.

_ﬁ966)ito their kecommended absorption thermal neutron cross sec-

150 +

tion Gy 148Nd) = 2.9 % 0.6 barn and Qo (*°"n¢) = 1.8 ¥ 0.3b.



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-empirical fit to Walker's recommended neu-

4
1+8Nd and 150

tron activation thermal cross section for Nd.

It is difficult to estimate the error which may be
"assigned to a semi-empirical ca]cuiation or low resolution diffe-
rential activation measurements. We assume rathef arbitrarily

that the calculated unresolved resonahce integral may be in a

[$2]

09

R

error by

Qe



DISCUSSION AND COMPARISON OF EXPERIMENTAL AND CALCULATED'EPITHERMAL
INTEGRALS FOR 1%0nd, 148ng wnd 19Ond

Ohe may examine rvesults shown in table V for 146N\ in which is
shown a good agreement between Ig/Gp measured by us and that of Als-
tad(1967). |

_However-A]stad spectrum(heavy water, natura1'uran1ym lattice)
may be softer in the high energy region than our spectruf (enriched
uranium, light water reactor), in consequence a better comparison in
the 1light of the comments made in the appendix‘needs a knbwjedge of
the fast flux in the irradiation facility of Alstad.

The reduced resonance or ebitherma}'integra1 ca]cu]ated with
~the resonance parameters of Karzhavina (1969) is lower by about 1
barn than that obtained with our experimental results énd this figure
is comparable with the resolved resonance integral and cannot be ex-
 p1a1ﬁed by discrepant resonance parameters of 146Ng or spectrum co-
frections in the low eneréy resonances.

The disaQreement_wou]dAbe reduced if our calculated unresolved
gpitherma]-integra] were added to the resolved one. This suggesté
that ét 1eas£ for 146n4 neutronbcaptures above 10 keV are comparable-
to that below 10 keV in the spectrum of a light Wafer, enriched ura-
nium reactor. " o

The activation epithermal integral of 148Ng measured by us
agrees with.that measured by Alstad (1967) and both measurements
disagree with the experimenta].determination of Rider et al.(1964)
(see table VI). The same comment:made'above about spectfum differen-
ces in our reactor 'andthat of Alstad and Rider is valid here, gow-
ever the difference in the exbefimeﬁta] epitherma] fntegra]s are

well within the quoted errors.



Calculation with resonance parameters of Karzhavina et al
(1969) 1is higher than the experiménta] results by a factor of two.
HQvaér as has been_pdinted éut beforé, radiative width which is.the'
relevant paraheter for the calculation of resonance integral of
148Ng s strongly discrepant among different time of f]ight meaﬁureyv
ments. “

In principle one may be inclined to give preference to the ra-
‘diative width obtained Dy Karzhavina'time of f]ight experiment becau-
se of the use of transmission and capture teéhnique on enriched(sam-'
ples (conditions not fulfilled coﬁp1ete1y by thé other experiments),
howevér good agreement  between ourselves and Aistad strongly suggests
that radiative width for 1484 may be half of the value determined by
Karzhavina and similar to the radiative width'of 146nq,

Also the neutron activation thermal cross section of 1%8Nd is
signﬁficant1y lower than that ca]cu1ated with Karzhavina neutron re-
sonance parameters when one would expect the opposite due to the con-
tribution of virtual Tevels that in 186N4 ang 150ng contributes to
the activation therma1 éross section with about 1 barn.

Results shown in table VII for 150Nd show a difference of 15%
between our value of I5/Gp and that of Alstad et al. (1967), although
they agree within their quoted errors. The epithermal integra]'ca1-
culated wjth the Karzhavina resonance parameters is 1owe% by around
30% énd this disagreehentbw6u1d be reduced signifi}ant1y if the un-

resolved epithermal integral calculated in our reactor Spectrum is -

added to the resolved bné;



FINAL RESULTS: EPITHERMAL AND RESONANCE INTEGRAL FOR
146ng, 148ng  anp 1504

One may discuss which data may be useful to quote. The first
problem arises when we compare our fesu]ts with the results from
other papcrs where there is not other 1nformat1on about their
spectrum than a near1y 1/E spectrum, in-the 1ow eneroy 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 1mportance of high enbrgy .
neutron captures. | |

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

of epithermal neutron captures in a 1/E spectrum to thé;epithermal

neutron capfures in our reactor spectrum:
g S Gmx (E) A/E- &E
\Y 6\1 K(E Ci> (€) dE

is the neutron capture cross section which has been
Yo .
calculated using Karzhavina neutron resonance parameters in the re-

solved energy range and with the semi-empirical stetistica]tmode]
calculation of neutron capture cross cection‘(Benzi arnd Reffo 1969)
in the unresolved region and Q(E) is the reactor spectrum calcu-
Tated with 54 group diffusion code |

The unreso]ved epithermal and resonance-1ntegra1 of 146Nd is
comparable to the reso]ved one, then a 6% systemat1c error in f must’
be expected due to 50% error atributed to our ca]cu1at.on of the

unresclved epithermal integral.This systematic error is leass than



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

table VIIT.



"CONCLUDING REMARKS

finally arrvived at a meaningful comparison

of experimental and calculated activation integral data for
‘ t s N

1406, 148, . 150, s .. » ;
L4 TN ' Nd. This has permithd|to calculateY spectral

Nd, 7. Nd ana |
correction factor R " to get the resonance
miegrods frem our measured €pithermal (n)fegro.[s {or these
(salopes. _

T N P I P o ty 2 . [ SR o . & e Y IR I A 146|\r{
fhe resuit of this- investigation 1s that for Nd

C 150, . . . . L , :
and Nd the calculated eénptthermal integral
agrees reasonable well with our experimental result. However

e .
Tor 1‘GNd, captures above 10KeV are quite significant, then a

better knowledge of the neutron radiative capture cross section
g p

—d

at high energies would improve the evaluation of the resonance

integral.

148

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 corheéponding

. , the
average radiative width is also _about half onEFéviously accep-

ted value (Karzhavina et al. 1969).



APPENDI X I

he inadequacy of ans-wave statfﬁtica] model ca]cu]ated neutron
radiative cross section for the estimation of neutron captures
above 10 keV has been shown for keV average resonance spacing
Alsotopes where thié inadequate cé]cuiation 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

tiat onfy

the s-wave approximation produced a significant error{in the va-
lue of the unresolved epithermal and resonancé integral, bqt also
tn the distribution of neutron captures in function of energy,
underestimating seriously neutron captures at 1MeV whére}the
neutron reactor sﬁectrum deviates strongly from the 1/E assump-
tion and haé a nearly fission spectrum shape. . |

146

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)

148, . 150

. for Nd and Nd 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 esfimated with,valges‘of fast
flux (measured with threshold,détectors) and epithermal flux
(measured with gold). Our estimation gives for this fraction

(‘?fast/C?epL . G‘ng (1MeV)) the value of .38 barns. -
‘ ‘ infeqra bron,
The same fraction estimated by numcrical V using 54

group calculated reactor spectrum and the radiative captures

cross section calculated with a semi-empirical statistical mo-

- = -
Ged Re Fi

i and Reffo (1969) gives .47 barn.

i~

| | TP
oy $an



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 unresoived epithermal integral which
takesinto account. all neutron captures above 7keV,

An s-wave approximation would have given a cross sec-
tion at 1MeV more than one order of magnitude smaller (0.7 mili-
barn) than that measured by Hughes (1953) and the calculated
contribution to-the epithermal 1ntegré1 would have been enti-
rely neg]igib]ef | . thal

This simple example showsVa better statistical mode]
descripfioh of the capture cross section above 10 keV
than that provided for an s-wave approximation, (s needed
to make a meaningful comparison of calculated va]ués with expe-
rimental 1ntegra1.dataf

As far as the relative influence of neutron ﬁ-captu—

. 146N 148 150

res for Nd and Nd at the relatively low energy

d,
range (10 keV £ E <« 50 keV) we may réfer to the work of Thiru-
mala Rao et a]g (1970), that has shown that at 25 keV for the-
se isotopes a p-contribution larger than 50% is presen%.

Numerical details of our reactor épectrum an&.l/E neu-
tron captures calculation ih fhe unresolved regiﬁn of ?46Nd aré
given 1in Table IX. This integration has beén made abové 7 keV using

neutron radiative éapture Cross secti&n of Benzi .and Reffo (1969}

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

0.09 barn.

i

Dresner approximation gives in this region I°
NNT7 and AT are the neutron captures per energy interval in a
1/E spectrum and in our reactor spectrum normalized to the slowing

agown flux at Tow energy.
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TABLE 1

146

Neutron resonance parameters of Nd first resonance (36leV)

iyl
Reference Iy T LK
(meV) {meV)
Karzhavina et ai.(1969) 55 * 8 43 £ 7 24.1

Tellier (1971) : 65.5 * 20.1 44.5 ¥ 2.5 26.5




2.2,

TABLE II

148

Neutron resonance parameters of Nd main resanances.

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

Reference r .r& Fr .
(eV) (meV) (meV) (meV)
Karzhavina et al. (1969) | . 100 15 1610 * 240 - 1710
Migneco et al. (1969) - L : 70 8 2000 2070
Alves et al. (1969) ;5" (40)a 2460 * 200 2500%200
Tellier (1971) (250 t 283)a1850 * 200 2100%200
o | T
Karzhavina et al. (1959) . 96-f 14 26000t 200 2696
Migneco et al (1969) | : r- 58 % 6 1980 % 100. 2038
Mves et 31. (1969) oo . 3700 370
Tellier (1971) | (50 *224)a 3130 * 100 3180%200

-

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

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

quantities.



TABLE TiT.

Neutron resonance parameters of 150Nd“first resonance (78.9 eV).

FE2 228228802 a2 d s iRl s R e R s st st st R s s R T X

. n_fy
Reference Iy T <

‘Tmév} . (mev)

!

Karzhavina et al. (1969) 115 ¥ 20 15.1 t 1.6 1;.3
Migneco et al. (1969) . 70 20 18 t 2,5  14.4
Teliier (1971) 51,1 t10  18.9 * 0.5  13.9

i
&
i

4
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TABLE IV

Calculted unresolved epithermal and resonance integral of

146 148 150

Nd, Nd and Nd .

‘****************************t**************************************

' Unreso]ved'Résonance
Isotope Integral (barn)

Unresolved E&pithermal

‘Integral (bawn)

(1/E Spectrum)

. (Reactor Spectrum)

14bng 0.64
148y4 0.56
150y 1.21

1.16
1.03

1.91

'*******************************************************************



146Nd activation epithermal integral.

KA A KA AR AR A A A A AR A A A AR AR AT AR AR KA AARAARAN AR AR A A AR A AR AR AR AT AR R

’ ' : .
References - Go 1o/, - I¢
{barn) ‘ {barn)
+ + +

Alstad et al. (1967) - 1.3 ¥ 0.1 1.9 Y 0.24 2.5 ¥ 0.25

This paper | 1.4 a 1.84%7 0.03 2.s58! 0.209

Breit Wigner calcula-
tion b . 1.76b

Unresclved epithermal

integral (reactor spec-
: trum?c , - 1,16

*****************************************************************7

a.- Walker (1969) recommended value

" b.- From Karzhavina et al. (1969) neutron resonance paraméters
and Yncreased, 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 quotéd by Alstad et al. (1967).



TABLE VI

148Nd activation epithermal integral

****************‘**************************************1,***********

References q Ie/q, Ie
(barn) Kbarn)
. + + ﬁ +
Rider et al. (1964) 2.54 - 0.18 6.97 - .0.74 17.7 - 1.4
. ’ . "‘
Mstad et al. (1967)° 2.5 I 0.2 5.2 Y09 13 T2
. . ' a . .
This paper 2.5 4.69 T 0.11 11.7 T 1.0
Breit w1gnek calcula- L
tion b _ 4 3.27 7.2 27.7b
Uﬁreso]ved epithermal ' '
integral (the reactor ‘
spectrum)¢ ' A 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 ABLE ~VII

150Nd activation epithermal integral

AR R R A AR N R A A AR A AN TS A A AR AR AR AR AR AT hhkhhhh kb h v hksn

References . 0, o Ie/0 Ia
~(barn): _ (barn)

Alstad et al. (1967)  1.0% 0.2 13.6 4.7 13.6 T 3.9
This paper | 1.2 5.6 0.8 18.7 L3.2b
Breit Wigner calcula- .

_tionb 15.3

- Unresolved epithermal:

integral (reactor spectrum)C 1.91

*k***********************************************************ﬁ*****

.- Walker (1969) recommended value.

From Karzhavina et al. (1969) neutron resohance parameters Mg
ad increased by # 10% to account for the reactor SUectrum

‘deviation (in a 1/E spectrum I' = 13.9).

Cross section from Benzi and Reffo (1969) statistid&] semiem-
pirical calculation. ‘

Thermal cross section'érror.quoted,by A]stad.et.a1.?(i967).



TABLE VIII

Final results for 1%6Nd, 148yg ana 1%0yg.
' **********************‘***********************_***************'k*'k*****************************************
. . ’ : . _
Previous Evaluation® _ Calculated Data L -+« Experimental Data
I ’ : » Ie' - Il ; f ' : I ' "I :
o - (barn) - S (barn) . . {barn)
G 20 - 2.92  2.24 0.77 Z.0.05 2.58 - 0.20 1.99 < 9.20
- 148;, - o : - A : S | 5+ | s +
*ONd 20 28.73  25.76 - 0.90' T 0.02 11.7 1.0 10.5 To.g
S TR Y. ©17.21 15.11 - o0.88 %002 18.7 T332 16,4 tooug

R T R A R X T L L L S R A R R R R R s s S SR s

‘a.- Walker (1969).



TABLE IX

. R T
CALCULATION OF UICGI BNERGY iBULRON CAPTURES OF 4 Nd.

LETARCY E £ g@) 2 0:' ,(E) v AT’ . AIg
keV Norme mbarn mbarn. mbarn
7.264 7 1.139 - 291.5. - -
7.131 8 - 1,142 277 -38.1 43.4
74013 9 1.142 264.3 ~32.0 36.5
60908 10 1.142 252.9 2743 31.2
6.215 20 1.186 17745 170.8 197.0
5.809 30 1.322 138.3 " 6744 83.1
56521 40 1.405 . 115.8 3745 50.3
56293 50 1.473 _ 102.0 24.7 35.3
50115 60 1.541 . ‘ 934 18.0 27.0
24961 70 " 1.587 87.7 14.0 21.9
4.828 80 T 1.662 8349 11.5  18.6
4.710 o9 1.715 8l.4 9.8 16.4
4.605 . 100 1.813 C 7947 8.5 14.9
3.912 200 . 20282 1347 58.3 114..4
3.506 300 - 2.871° . 1.8 3044 16.4
3.218 . 400 3.953 78.3 21.1 706
2.995 500 3.627 3646 12.8 49.5
2.813 600 4.262 2865 . 6.0 2344
2.659 - 700 4.776 27.1 4.3 19.4
2.525 800 . 4.776 ' 27.5 3.6 17.4
2.407 00 . 4.776 - 28.8 303 - 15.8
2.302 1000 4.927 30.9 . 3a 15.2
1.897 1500 5652 357 .13.6 1.7
1.609 2000 - 54720 T 3240 10.0 5645
1.386 2500 5¢667 - 21,0 6.l 3.7
1.203 3000 4.761 : 1442 3¢3 .17.6
1.049 3500 - 3.778 , 9.0 1.8 8.0
0.916 4000 . 30113 . 58 " 1.0 345
0.693 5000 2.085 245 1.0° 2.7
0.510 6000 1.307 1.2 0.3 0.6
0.356 7000 . - 04891 0.6 0.14 © Q.16
0.223 8000 04453 0.45 0.07 . 0405
0,105 © 9000 0.131 0.78 - 0407 . - 0402
0 10000 0 . T 1,91 © O 0.13 0.07

a~ Hormalized to low energy slowing dowun flux (4.5 eV)

.b~;Crbss gections from Benzi and Reffo (1969)



