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Several cross sections for U-235 at 1 MeV are as follows:
oq =4.0b Gina = 1.4 b cr=12b 6,=13b

where we will assume that all the remaining cross sections for any neutron-producing and charged-

particle reactions are negligible.

Under these conditions what are the total cross section and the capture-to-fission ratio in U-235 at

1 MeV?
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Consider an isotropic point source and sample geometry where the sample is a 0.2 cm thick
aluminum foil with a 5 cm? area that faces the source. The thermal neutron source strength is

10® neutrons/s. The aluminum sample density is 2.7 g/cm’ and the total cross section for thermal
neutrons is about 1.67 barns.

a. Estimate the uncollided flux at the sample location and the total Al interaction rate
(reactions/sec) if the sample is placed 1 m from the source.

b. Re-compute the uncolhded flux at the sample and the Al interaction rate if an 8 cm thick
shield with X, = 0.5 cm™ is placed between the source and Al sample (assume that the total
distance of 1 m between the sample and the source is unchanged from Part a).

Note: Neglect any neutron collisions in the air (that is, assume that the air represents a vacuum).
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Incident neutron data/ ENDF/B-VI.8 { U235 /I Cross section
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Incident Energy (Mev)

Typical Fuel Material Cross Sections:
U235 Total (1), Elastic (2), Inelastic (4), Fission (18), and Capture (102)
Notes:

1. Three general regions: 1/v region for capture & fission and nearly constant potential scattering
at low energy, resonance region at intermediate energies, and slowly varying cross sections at
high energies.

2. The fission cross section is larger than parasitic capture.

3. Total cross section is the sum of the scattering (elastic and inelastic) and absorption (capture,
fission, ...) cross sections.

4. The inelastic cross section is a threshold reaction.



Incident neutron data { ENDFIB-V1.8 11/ Cross section
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Typical Moderator Material Cross Sections:
H-1 Elastic (2) and Capture (102) and C Elastic (2) and Capture (102)
Notes:
1. The scattering cross section is much larger than the capture cross section.

2. Carbon (graphite) is a better moderator than H-1 (water) because of the lower parasitic capture
cross section.

3. Essentially negligible resonance structure — only occurs at very high energies for low A
materials.



Incident neutron data ! ENDFIB-VI1.8 { ZrNat ! Cross section

1000

100+

A=

Cross-section (b)

0+

- MT=102 : (z.g) radiative capture
0.001 4 M T=4 : (z,n") total inelastic scattering
| |~ MT=2:(z,20) elastic scattering
—— M T=1:(ntotal)

{E-9 {E-8 E-7 {E-B E-3 1E-4 0.001 0.01 0.1 1 10

Incident Energy (MeY)

Typical Structural Material Cross Sections:
Zrna Total (1), Elastic (2), Inelastic (4), and Capture (102)
Notes:

1. Total cross section is relatively low and the parasitic capture component is small over most of
the energy range of interest (except for a few narrow resonances).

2. Three general regions: 1/v region for capture and nearly constant potential scattering at low
energy, resonance region at intermediate to high energies, and slowly varying cross sections at
very high energies.

3. Total is the sum of the scattering (elastic and inelastic) and absorption (capture, fission, ...)
cross sections.

4. Inelastic scattering is a threshold reaction.



Incident neutron data / ENDFI/B-VI.8 I Cd113 /I Cross section
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Typical Poison Material Cross Sections:
Cd-113 Total (1), Elastic (2), Inelastic (4), Capture (102), and n, Alpha (107)
Notes:

e

1. The absorption cross is very large in the low energy region (total ~ absorption). Notice also
that Cd-113 is not a pure 1/v absorber below 1 eV.

2. The n,y cross section is the dominant absorption component.
Scattering is negligible below 1 eV (that is, 10 MeV).

4. Usual threshold inelastic scattering becomes important at very high energies.



Cross-section (b)

Incident neutron data / ENDFIB-V1.8 /i MT=1 : {n,total) / Cross section
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Highlight Location of Resonance Region:

Zrp,: Total (1) and U238 Total (1)

Notes:

L.

The resonance region begins at a lower energy for the heavy isotopes because of the increased
number of energy levels in the nucleus.

For low A materials, the resonance region only occurs at very high energies. For H-1, there are
no resonances. For zirconium (with A ~ 90-94), the resonance region extends down to about
300-400 eV -- but the lowest resonance in U238 is even lower (in the 6 — 7 eV range).




Incident neutron data/ ENDFIB-VI.8 /i MT=18
: {z,fission) total fission / Cross section
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Highlight Fission Cross Section for Fissile and Non-Fissile (but fissionable) Materials:
U235 Fission (18) and U238 Fission (18)
Notes:

1. Fissile materials can fission with neutrons at any energy. However, the fission cross section
typically follows the general three-region behavior: 1/v region at low energies, resonance
region at intermediate energies, and slowly varying cross sections at high energies.

2. Fissionable materials that are not fissile, typically require a threshold energy before a sizable
fission cross section exists (i.e. a threshold reaction except for a few very thin resonances).



Incident neutron data ! ENDFIB-VI1.8 /1 MT=4 :
{z,n") total inelastic scattering f Cross section

LTI
05+
=
v -
c
°
1] oA
[ 1] -
¢
& nos
wn
o
o L
T
004 4

0.005

L e ZrNat
— U238
 EOR———

0,004 ! } - 1 } - I I Lt 1 } L
0.001 0.005 0.04 0.05 0.1 0.5 i 5 10

Incident Energy (MeV)

Highlight Threshold Inelastic Scattering Cross Sections:
Zrq. Inelastic (4) and U238 Inelastic (4)
Notes:
1. Inelastic scattering is a threshold reaction.

2. Inelastic scattering is more important in heavy isotopes because the threshold occurs at lower
energies.



