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Safety + Economics

e.g. Th-U cycle
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Importance of neutron induced reactions
for reactor operation
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Nuclear fuel

U, Pu, Th (n,f), (n,y), ...

Fission products (“neutron poisoning”)

103Rh, 135Xe, 135Cs, 149Sm (n,y)

Structural materials
Fe, Cr, Ni
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* Neutron induced reactions
nN+X > Y+r

e Various reaction channels

n+X —» X+n (n,n) elastic scattering o,
—>Y +y (n,y) capture C,
=Y, +Y, (n,f) fission of"
—->Y+p (n,p) o
—

* Probability for a reaction (n,r) to occur:
Partial cross section: o,

* Total cross section
Ot = 2.0, =0t o, +tort o, + ...




Cross section

e A cross section o has the dimension of an

10°* area.
——co(ny)
* The unit of a cross section is taken as:
, 1 barn, 1 b = 1024 cm?Z.
c 10 * Reaction rate for a neutron beam on a target
S (thin layer) :
O
=~ 10’ N
5 RoxNx 69,  Nx=—2-m(X)
T Mx
10 |
@ : neutron flux
Na : Avogadro constant
10™ Ny : number of nuclei
-2 0 2 4 6 .
10 10 10 10 10 My, : molar mass of nucleus X
Neutron Energy / eV m(X) : mass of X

in most cases the number of nuclei per unit
area are required (these will be denoted by n)
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A cross section as a function of E
8000 p shows a resonant structure, which
2 " O, can be described by a Breit-Wigner
shape :
-
S _ 1
=~ 4000} tot ~ 5
I ~r|- En ~ER)" +(/2)°
with
0 §ER T natural line width (FWHM)
133 134 135 E. resonance energy
Neutron Energy / eV
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10°f —_ °v | 28U (n,tot) = 2%U(n,n) + U(n,)

Ot = On + o,

* Resonance Region :D>T

Resolved Resonance Region :Az< D

Unresolved Resonance Region : Ay > D

Cross-section / barn

* High Energy Region: D <T

10°
Energy / eV
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* Ensures consistency between partial and total cross sections

* Ensures consistency between cross section data in different energy
regions

* Prevents the use and recommendation of unphysical data
* Reliable calculations of Doppler broadened reaction cross sections

* Permits inter - and extrapolation into regions were no experimental data
are available

* Permits prediction of reaction cross sections for isotopes not directly
accessible to experiments
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Thermal : R -Matrix

°* RRR : R - Matrix (SLBW, Reich-Moore)

* URR : Statistical Models (Hauser — Feshbach + WF)

* High : Optical Model, precompound, direct reactions, ...
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Exp. Data RRR «
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ADS : E, = 600 MeV

—— ADS-spectrum for Ep = 600 MeV
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n+X - C - Y+r

Entrance channel Compound nucleus Exit channel

S, =10 MeV
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* Two step process = -
. .
(1) Formation of compound nucleus o 1%

A(E,)=
oc+En)=0. ky (En —ER)* +(I/2)?

F=>T (r=nyf..)

(2) Decay of compound nucleus P,

I
P=-—" (r=n,v,f,..
=T ( V...

* Partial cross section

G, =0. P "TA+1 "
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_4n T, 8000 Er = 134 eV
Co= 2T I, = 0.093 eV
R ) r, = 0.106 eV
% Jr = 1-
S 4000 ¢t =0
S g, = 3/4
o)
8000 8000
Gn 0 A 1 I GY
133 134 135
= Neutron Energy / eV =
® @®
o] O
o) o)
133 134 135

133 134 135

Neutron Energy / eV Neutron Energy / eV



Cross section / barn
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56Fe +n 197

Compound nucleus reactions

RN

o
w
(o]

10°
Neutron Energy / eV

—
<

Cross section / barn
—
O_\

102 10°  10° 107 0 > 7
10 10 10 10
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No capture without scattering
Relative contribution of 5, and o, to c,,, may be different
Boundaries of the resonance region differ

Not only resonances (see %6Fe + n)




SLBW for low energy s-wave
(n!n) and (n5Y) b

rials and Measurements

(n,y)
oy (En)=9
(n,n)
on(En) =9,
Total

G tot (En ) =30y

T I

ki (En —ER)? +(1/2)

o LT
kn (En ~ER)® +(1/2)°

+Jy

+3y

[=T,+T,
g - 21
I 2004 1)

R=123A"3 fm

4n  I'h(En —ER)R

2
+gJ4TCR
Kn (E, -Er ) +(I/2)°

47 I (E, —ErR)R
Kn (€, —ER)* +(I/2)?

+g,4nR?

= (ER! rn! Fy y J(TC), Q






