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THE NEUTRON INDUCED 238U SUBTHRESHOLD FISSION CROSS SECTION FOR

NEUTRON ENERGIES BETWEEN 5 eV AND 3.5 MeV

R. B. Perez, F. C. Difilippo, G. de Saussure and R. W. Ingle

A measurement of the 38U fission cross section between 5 eV and

3.5 MeV has been performed at the ORELA Linac. The good resolution

of this experiment (.1% at 721 eV and 2% at 3.5 MeV) together with

the high purity of the 238U sample (less than 2 ppm of U-235) permitted

the identification of 85 fission resonances or clusters of resonances

below 200 keV. The shape of the 238U to 235U fission ratio was

normalized1 to .435+.004 for the energy interval from 2.35 to 2.95 MeV.

The ENDF/B-IV evaluation of the 235U(n,f) cross section2 was used to

obtain the 2;>8U fission cross section from the fission ratio.

In the energy region between 5 eV and 600 eV, besides the fission

levels at 6.7, 20.9 and 36.7 eV previously reported,3 we have identified

13 additional fission resonances. Figure 1 shows the fission cross

section between 600 eV and 400 keV. All the class I levels in the

fission clusters centered around 721 eV and 1211 eV are well-resolved.

Comparison with 238U capture cross section data1* below 2 keV shows that

the 27 fission resonances observed in this energy region can be unam-

biguously assigned to known s-wave resonances in U-238. The fission

widths for the 27 resolved class I levels were computed from their fission

areas. The largest fission widths correspond to die 721 eV and 1211 eV

levels (1.56±.O6 and .36±.01 meV, respectively). The smaller fission

resonances have fission widths ranging from 10 meV up to a fraction of

an meV. Because the width of the intermediate structure is comparable
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Figure 1. The Z38U Neutron Induced Subthreshold Fission Cross Section (b x eV1/2) for Neutron

Energies Between 600 eV and 400 keV. Note that the ordinate is linear between -.2 and .2 b x eV1'2

and logarithmic above .2 and up to 20 b x eV1/2.



to the class I level spacing (D = 25 eV), we are in a weak coupling

situation.5 Hence, we expect that in each fission cluster one quasi-

class II level will carry most of the fission strength with a fission

width nearly that of the class II level and a neutron width arising from

coupling with nearby class I states. From Lynn's formulation6 and the

barrier parameters for 238U (Back et al. 7), we have estimated a neutron

width of .005 meV for the quasi-class II level in the 721 eV fission

cluster which is more than 2 orders of magnitude smaller than the value

of 1.7±.O6 meV for the s-wave level at 721 eV. Commenting on this dis-

crepancy already noted in the data of Block et al.,a Lynn6 suggested

that the fission resonances in the 721 eV and 1211 eV clusters were not

the s-wave levels to which they had been assigned but new resonances

which because of their small neutron widths had not been observed9"because

measurements of neutron capture or total cross sections. In view of the

good energy alignment of the fission levels with known s-wave levels, it

seems more likely that the quasi-class II level is not observed because

its small neutron width results in a fission are? below the detection

threshold of the measurement. Indeed, for reasonable values of the

class II partial widths, the fission area is of the ordor of 10 * b x eV,

and from th« spread of the fission strength in the 721 eV and 1211 eV

clusters, the class II level fission width could be of the order of a few

electron volts. Such a broad resonance would be particularly difficult

to detect.

The small, but significant, fission widths measured for many of the

low energy s-wave levels is too large to arise from direct penetration

of the double-humped fission barrier, and we have not found a satisfactory



explanation for their magnitude.

From the cumulative sum of fission levels as a function of energy,

the average level spacing, Dj-rj for the class II level was found to be

1.1.3 keV. Contrary to expectation, the fission cross section exhibits

a substantial enhancement at the opening of the U-238 2 neutron inelastic

channel at 45 keV. The enhancement of the fission cross section near

120 keV is tentatively interpreted as the contribution from a partially

damped vibrational level centered near 145 keV and with a width of about

65 keV.
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