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ABSTERACT

The total neutron cross section of 159Tb has been measured in the

energy range from 0.062 to 1 eV with a crystal spectrometer using the
Be(lOil) crystal planes as a monochnromator. The data in the left wing
of the first neutron resonance in 159Tb were fitted directly to the
onelevel Breit-Wigner formula using the method of least squares.

The parameters obtained from the analysis are Gb =7.96 ¥ 1.33 b and

A= 5,50 ¥ 0.86 b X (eV) 1/2.

OZET

TERBIYUMUN TERMAL VE EPITERMAL ENERJ1 BOLGESINDE TOPLAM NOTRON TESIR
KESITLERI VE POTANSIYEL SAGILMA TESIR KESITI

159Tb'un toplam notron tesir kesitleri, 0.062 eV'dan 1 eV'a

kadar olan enerji araliginda Be(lOil) kristal diizlemi monokromator
olarak kullanilarak bir kristal spektrometresinde Olgililmigtiir. Deney
sonucunda, tek seviyeli Breit-Wigner formiiliine en kiigiik kareler meto-
du uygulanarak bahis konusu enerji araliginda asagidaki rezonans para-

metreleri tayin edilmigtir;

6 = 7,96 21,33 by A = 5.50 £ 0,86 b X (ev)/? .
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TOTAL NEUTKRON CROSS S=CUION OF TrhelUM IM THE TEIRWAL
AND EPITHERMAL ZNERGY REGIONS AND DLTERKEILATION

OF THE POTENTIAL SCATTERING CKOSS SECTION '

Ce Cansoy, H. Atasoy, and $. Zebitey'an

I. INTRODUCTION

The experimental values of the total neutron cross section of
terbium for the energies between 0.0025 and C.35 eV are lacking.
Therefore, the total neutron cross section of terbium has been measured
in the energy range from 0.062 to 1 eV with a crystal spectrometer. In
this energy range it is possible to determire the potential scattering
cross section 65, and this has been done in this paper. On the other
hand, the pararncter A due to the far away resonances was also determi-

ned.
II. EXPERIMENTAL DETAILS

The total neutron cross section of 159Tb has been measured

for seventy different neutron ernergies irn the energy range from 0.062

to 1 eV with the CNALM crystael spectrometer (1’2). This energy range

falls in the left wirng of the first neutron resonance of terbium.

‘he spectrometer resolution was 19405igsec/m using the Be(101l) crystal

planes as a monochromator. !

A sample was made by mounting the oxide Tb in an aluninum

0
23
cell. This sample had an inverse thickness 1/N of 87.92 * Q.44 b/atom.

In calculations of the total neutron cross section of the oxide Tb203
the cross section of the oxygen atoms in the sample was taken into

account and subtracted from the total cross section. According to the
data given in BNL-325(3) this correction term was found to be almost

constant and equal to 5.5 be.

1Phis work was done in 1973 .



L1{I. ®ESULTS aAND ANALYSIS

3y the A'nus of a resonance(4). we mean those regions for
which 4(& - E ) }) f. or the purrose of this analysis. only those
points were uved for which the equation 4(L - E ) > 160(_’2 holds .
this condition kgives 5 £ 2.34 and E = 3.80 eV for the 3.35 eV reso-
nance in 59¢o. lrierefore, the left wing cross section of this
resonance has been measured in the erergy range from 0.062 to 1 eV,
In wing regions the resolution correction and the Doppler correction
sre negligible. Consequently the experimental data in the wings can
be fitted directiy to the one-level Breit-Wigner formula using the
nethod of least squares. On the other hand, for the total cross
section one shcould consider the influence of the absorption peaks in
higher energies, which contribute with an additional term A/(L)1/2
lower eriergies, where A is a constant that can be estimated for the

far away resonances. Thus, the data in the left wing of the first
158

ncutron resonarnce in Tb were fitted directly to the following
(a4),
formula :
— BT
o 2
(l - K) '—ﬁ_— + K_. Gor + (E - Eo)od N A (1)
6,.- - . +0 4 —

4k - B)? + 2
In this equation we seekx to solve for the test © and A. The values of
the other resonance parimeters of159 . (5)
are E_ = 3.35 * 0.01 ev, | = 0.08 + 0.01 ev, [ —(o34+oo3)x103ev,
J=2, a_nd I= 3/2. Jsing these values of the perame‘rers,(léssr‘ , and

g(J) have been cstimated from the followings equations :
=Fn/[” , (2)
7
2 10 c[ﬁnfﬁ
& -

T as recommended in BNL-325

; (3)
2 +1
p)e — - (4)

2(21 + 1)



2 2 .
The results are K= 0.00425, G;F = 13.2 bX(eV) , and g(Jd) = 0.625.
On the other hand, an approximate wvalue of the parameteriﬁfhas been

(6)

obtained using the relation

I -ae G,k 6 (%)

and the trial value of 11 b for G;. The result is€1= 2.5 bXeV. Using
these values of parameters, the quantities obtained from analysis of
the data are listed in Table I. The ag eement between the experimental
points and the Breit-\iigner curve is reasonably good over the entire
rance. (Fige 1). On the other hand, the nuclear radius was caelculated

from the formula

© =4T R, (6)

and using this value of R, the constant r0 was calculated from the
formula

R=1r A", (7)
The results are shown in Table I.
Table I
Breit-Wigner Parameters for the Left

Wing of Terbium Resonance Derived from

Analysis of Experimental Data

6= 7-96 t 1.33 b

o)

1/2

I+

5.50 — 0.86 b X (eV)

2.11 * 0.24 b X eV
7.96 ¥ 0,66 fm

w Q>

r = 1.47 + 0.12 fm




Iv. DISCUSSION

The total neutron cross section of 159’l‘b has been measured

by A. Knorr (5) (iiunich, 1965) in the energy range from 0.00022 to
0.00236 eV, Since the total cross section in this energy range is
affected by the left wings of all neutron resonances of 159Tb, the
parameter A can be obtained accurately from these experimental data.
Therefore, the data given by A. Knorr were fitted directly to the
formula

A

6 = (E)_l/'z_ + B,

and the result is A = 5.49 b X (eV)l/z. Comparison hetween this result

and the value given in Table I are in agreement within experimental

error. Analysis also gives the value of B = 16.44 b,

Since the total cross section measured by using the CNAEM
spectrometer covers the vicinity of the minimum of the left wing

of the first neutron resonance in 159

Tb, the parameter‘G} can be
determined accurately. In fact, the value of 8.64 L for 5; obtained
by using the method of neutron diffraction in Ref. 7 is in agreement

with the value given in Table I.
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