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A parametric fit to the totsl cross section of Sc-45 based on the Breit-Wigner

multilevel fornaliem was carried out.

To reproduce che minfuim in the total cross

section st 2.0 keV and to get sn acceptable fit for the low energy resonances, the
spias of the bound lcvel, the 3.24, and 4.27 keV resonances sre 4,),4 respectively.
At higher energi+s the epine adopted for the resonances at 6.5, 7.9, 8.9, end 11.7

keV were 3,4,3,4.
{J =~ &) and rY = 0.38 eV.

The parameters of the bound level sre B = -270 eV, r: - 2.05 oV

(Bound level parameters; thermal cross sections; spin assignoents)

Introduction

Because of the importance of Sc-45 in dosimetry
applications and its use as a filter to produce a
‘‘monocnergetic'" neutron beam at 2.0 keV an accurate
knowledge of the neutron cross sectiones of Sc~45 1is
required. In this study we present the analysis and
evaluation of the total cross section in the therm:l
and resonance regions. The total Peutron cross section
of Sc-45 was measured by Pattenden in the energy
range 0.0015 <V to 5.0 keV using a crystal spectrometer
and slow and fast choppera. The data was poramet~-
rically freted > in the low energy region with the aid
of a negative energy resonance. However, above
neutron energy rcgion of about 300 eV, and around the
femous minimum at 2.0 keV the calculated total cross
aection departed significantly from the measurements.
Subaeq?ent measurements carried out at the MTR
showed'?*3) that the minimm at 2.0 keV 18 deeper than
was previously wmeasured.

respectively. With such a choice for the spins,
several attempts wese made to reproduce the minimum
at 2.0 keV on the sasumption that the spin of the bound
level 18 3. However, the best fit in the region of the
oinimum in the total crose section was achieved by
adopting a spin 4 for the bound level. Table I pre-
scnts the resonance parameters used in the present
evaluation in the energy range up to 11.7 keV. The
resonance parameters in the higher neutron °“°f§3,
19.17 - 105.7 keV are the same as those quoted in
BNL-325 (1973). Figure 1, shows the calculated total
cross section, represented by a solid smooth curve,

in the energy range 10°° eV to 3 keV. At low neutron
energies, the solid curve ?assea th'°?§h the data
points of both Pattenden'®’ and wilson'?’ However, in
the energy range 100 eV to ~ 1 keV, there 1s a signi-
ficant diacrepa?fy between the calculations and the
data of Wilson, Above the minimum, the calculations
are in good agreement with the experimental data:

The calculated minimum of the total cross section st

The capture crosstgfctton of Sc-45 was measured
by Romanov and Shapiro in the energy range 1 eV to
40 keV. Alternstive parameters of the bound level,
and in particular a radiative width, were derived. In
the relonaneg)reglon, only cne total cross section
measurement’ (3.0 - 35 keV) 1s availsble. The Pé}h
resolution total cross section data of Cho et al " " in
the energy range 10 - 110 keV was not svailable during
the evaluatisn.

Ficting Procedure

A multilevel Breit-Wigner t?tul cross section was
calculated using the code RESEND’’ s a starting
point, the resonance paremeters recommended in BNL-325
(1973) were edopted. Since the spin and parity of the
ground state of the target nucleus are?/2 , s-wave
neutron capture by Sc-45 forms compound states with
spins and parvities 3 and 4 . The spins of the
resonsnces below i0 keV were not determined. In ed-
dltlon,‘fyermnl capture Y (@y spectra measurements of
Bolotin and Delang et al give some, but incon~
clusive, indicstion that the spin of the bound level
is possibly 3, This ia based on the observation of a
primary transition to a low lying state at 142 keV with
spin and parity 1 and the lack of transitions to
several low lying etates with poszible spin and parity
of 5. It muat be pointed out that at the siart of the
evalugtion, thermal neutron polariration data which is
imporcant in shedding light on the coherent and inco-
herent cross sections and the spin of the bound level,
were not available.

The totsl cross section in the energy range 3-10
keV was cslculsted and compared with the experimental
dats. The apin of the resonances at 3.24, 4.27, 6.59,
7.92, 8.90, 11.7 keV were found to be 3,4,3,4,3,4

*Research supported by U.S. Energy Research end
Development Administration.

1.9 keV is 85 mb. This 1a in good agreement with the
experimental value Ot = 50.50 mb within the atated

error.
Figure 2 shows the cslculsted cross section in the
energy range 1 - 10 keV and is compared with the low
resolution data. The calculated cross section
shows another minimum of 189 mb at a neutron enecrgy of
7.35 keV, which 1s not visible in the old measured
cruas section. A corroborative evidence for this
minimun can be found 1a filtered beam experiments'®’

Discussion

With the aid of resonance psrametera determined
from 0t in the present evaluation, the partial cross

ssctions can be calculated. Of particuler interest 1is
a couparison of the calculated croes sections at
neutron energies of 0.0253 snd 18.8 eV. Such a com~
parison is shown in Table II. The cslculeted thermel
capture and scattering cross sectiona sre found to be
26.9b and 23.7b respectively. These fre in excellent
sgreement with the vslues recoumended 1°) 4n BNL-325
(1973).
R t me te carried out et neutron energy
of 18.8 eV by Di1g'' ) reported that o_ = 22.03 + 0.25b.

This 1s in excellent agreement within the stated error
with a calculated value of 21,7b, 1In addition, the
coherent free scattering amplitudes (a+ and »-)
sssoclated with spins 4 snd 3 csn bs cslculsted with
the aid of the rcletion:

P) X, T )
8, R +§:-2(T-é_‘)—:‘7rj l

where the summation 18 carried out seperastely over
3 = 3 and § « & resonances. The nuclear scsitering
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redius R’ s found to be S.1 fm. The totsl coherent

fres scsttering amplitued is then

wvhere s, and g_ sre the stetietical weight factors

associated with spine I + 1/2 and T ~ 1/2. 1In this
eveluation we find

at = 18.2 fm
a- = 2.1 fa
a =11.2 fn

From the latter value, we calculate a coherent bound
scattering amplitude of 11.4 fm. This (s in good
sgreement with s measured value of 11.8 £ 0.5 fm.

After the completion of the evaluation, a polari-
zation measurement, in which the incoherent scattering
seplitude was acfurate!y determined, was reported by
Roubeau et al‘*?’, 7Tne result {e:

b, -b_=12.0%0.3 fm

which strongly supports a spin assigmment of &4 for
the bound level in agreement with the piesent con-
clusions. However, the present evaluation gives

b, < b_=16.1 fm

indicating that the calculated incoh:rent cross )
section i{s larger then measured by Rcubseu at al.
Since the total scattering cross section is well
established, this indicates that coherent scattering
cross section should be larger than previously de-
teymined. A new measurement of th? coherent scatter-
ing smplitude by Koester and Knopf ‘a)reportins a
preliminary value b = 12.9 * 0.7 fm supporta this
conclusion.

Table 1}

Resonance Parameters of
Low Energy Neutron Resonancas

B ey 3 T, (em Ty (eV)
- 0.270 & T1V.e20s 0.379
3.2 3 70 0.3
4.27 4 300 0.35
6.59 3 73 (1.5
7.92 4 160 (1.5)
8.90 3 260 Qa.s)
n.7 ) 140 .5

E{eV)
Oa(b)
OY(D)
°s(b)

Table II

Totsl, Scettering, snd Capturs Cross Sections
at 0.0253 eV and 18.8 eV

0.0

BNL 325

50.5¢1.0

26.5%1.0
2612

v
"35}e.en:
evaluation

18
Dilg

sev

[
present
evaluation

50.6
26.9
23.7

22.0330.25
(1.01)
21.9

21.7
0.9
20.8
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