


Specs: """ D(d,n)*He neutrons/ s Total yield 2-101% neutrons

Pulse frequency 1-100Hz Pulse width >0.8 us, Power 500 W

Alternative option: = T o o ey S
4 e ource. -RUSSIan xesearcC nstutute o
T(d,n)*He, E =15 MeV Automatics VVNIIA



Rad | nter Neutrons

Nuclear | nteractions of Neutrons

No electric charge = no direct atomic ionization - only
collisions and reactions wit h nuclei - 10-° x weaker
absorption than charged particles

Processes depend on available n energy E;:

E,~140 eV  (=kgT) Slow dif fusion, capture by nuclei

E, < 10 MeV Elastic scattering, capture, nucl. excitation

E, > 10MeV Elastic+inel. scattering, various nuclear
reactions, secondary charged reaction products

Characteristic secondary nuclear radiation/ products:
1. y-rays (n, y)

2.charged particles (n,p), (n, a),...
3. neutrons (n,n), (n,2n",... ":>
4.fission fragments (n,f)
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Rad | nter Neutrons

Neutron Cross Sections
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Rad | nter Neutrons

Neutron Mean Free Path
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Rad | nter Neutrons

Neutron Resonance Capture
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Rad | nter Neutrons

Energy Transfer in Elastic Scattering

|
W. Udo Schroder, 200;

Neutron with lab velocityv, energy E,
scatters randomly of f target nucleus of
mass number A at rest in lab.

C'm':pn:_pA pn_|_pA:O

A 1
Vn —V VA = =V
A+1 A+1

y vy 1 lab velocity of
cmjLab A 41 center of gravity
max, min: v, . = Ve £V,
max . En|Lab =E

| (A —1)°
min : E  ,, =E A+ 1)



Rad | nter Neutrons

Neutron Energy Spectrum

Neutron with energy E, scatters of f target nucleus A at rest in lab.
A Lab energy spectrum (1coll.)

-]

x Sihnq — X — = const. S e A Y )
dg d€2 sinqdqg spectrum of scattered
ds (E ) 4P (E ) n reflects the center
N dSn—A (C]) ~ n—A |\ =njLab " A \&nlLab
dQ dEn|Lab dEn|Lab

W. Udo Schréder, 2003



P(E; A)

Rad | nter Neutrons

Multiple n- A Scattering

1
N =3 Incoming n A? +1 )
— <E1> — 2 0 — <Eo>
energy E,=<E;>, (A +1)
N successive B 2
scattering (E.)=a(Ey)=a%(E)
A N events  eeeeeseeeeeseen
(Ey)=a(Eys)=a" (E)
N =1 1
= |P(E,) =
( l) (1—a)E0
i
< 3><E2> <E1>
“Logarithmic
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I L a 2 2
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Rad | nter Neutrons

Thermalization Through Scattering
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2000

(InEy ) =(InE,) — nx

Define E as median (< mean)

INE == (InE, ) = (INE,) —NX

E(N)=E,-e™

N-therm: E,;=2 MeV - 0.025eV

A & N-therm
1| 1.0000 18

12| 0.1578 115

65| 0.0305 597
238 | 0.0084 2172
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Rad | nter Neutrons

n Angular Distribution

VvV V
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g2 2
V — Vn|Lab TV, cm|Lab 2anLachmlLab COSq_ab | v /(A + 1)

<’ A’ =[A® + 1+ 2Acosq] +1— 2JA® + 1+ 2A c0Sq COSQ

C0SQ, = —— R
1 p+2 1+ Acosq 2 >0 =
(cosq,,)==[ dcosg =— Jforward
271 \/A +1+2Acosqg  3A | geattering
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Rad | nter Neutron;@k

A Dependence of Angular Distribution

Properties of nscattering depends on the sample mass number A

=» Measure time-correlated flux of transmitted or reflected neutrons

Light Nucleus

(cosq,,) =2/ (3A) x A" average

P 2
(o) 2  3A
. —2N
E(N)~E. -exp! !
(N) o~ &P (A +2/3)

(After N collisions)

Light nuclei: slowing-down and diffusion of neutron flux

Heavy nuclei: neutrons lose less energy, high reflection/transmission

W. Udo Schréder, 2003



13

t@ﬂad I nter Neutrons

Principle of Fast- Neutron | maging (2)

— X ray {120 k¥t (Pfister et al., 1992)

* Thermal neutrons
175 meav]

== Fast neutrons
11.9 MeV) 4
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Transmission decreases
exponentially (reflectivity
Increases) with thickness and
density of sample, for most
materials.
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Rad | nter Neutrons

Neutron Diffusion

Multiple scattering = statistical process
Heavy materials (A>31): random scattering

N :lln
X

E
E_O] Number of collisions E, 2 E,
1

Probability f or no collision along pat h length x: P(x)

P(z) = 1 e ! for A =const.

Mean — square displacement
<x2> =N )\2 f dx x°e G /f dre ! th — 2)\?
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Rad | nter Neutrons

Neutron Mean Free Path
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Prompt

Injection of
. M, neutrons ’t
: - % time
3 time=D diffusiofr
>

< nteraciions
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Rad I nter Neutrons

A Mobile Accelerator-Based Neutron Diagnostic | mager

W. Udo Schréder, 2003
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