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Commercial Neut ron Generator I NG- 03

Source: All-Russian Research Institute of 
Automatics VNIIAVNIIA

1300 mm

rear 
connectors

sour ce window

Specs: < 3·1010 D(d,n)3He neut r ons/ s Tot al yield 2·1016 neutrons

Pulse frequency 1-100Hz Pulse widt h > 0.8 s, Power 500 W 

Alternative option: 
T(d,n)4He, En 15 MeV

Neut r ons can be pr oduced in a var iet y of r eact ions, e.g., in 
nuclear f ission r eact or s or by t he D(d,n)3He or T(d,n)4He 
r eact ions
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Nuclear I nteract ions of Neut rons

Characterist ic secondary nuclear radiat ion/ products: 
-r ays (n, )

2. char ged par t icles (n,p), (n ),
3. neut r ons (n,n ), (n,2n ),
4. f ission f r agment s (n,f )

No elect r ic char ge no dir ect at omic ionizat ion only 
collisions and r eact ions wit h nuclei 10-6 x weaker 
absor pt ion t han char ged par t icles

Pr ocesses depend on available n ener gy En:

En ~ 1/ 40   eV (= kBT) Slow dif f usion, capt ur e by nuclei

En <     10 MeV      Elast ic scat t er ing, capt ur e, nucl. excitation

En >     10 MeV      Elastic+inel. scattering, various nuclear 
r eact ions, secondar y char ged r eact ion pr oduct s
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Neut ron Cross Sect ions

1b=10-24cm2=100f m2
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Neut ron Mean Free Path

FWHM 2.35
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Mean Free Path of 
Neutrons in Water

: atomic density        
: cross section

= average path 
length in medium 
between 2 collisions
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Neut ron Resonance Capture

n-107Ag 108Ag*

Quant al r esonance 
ef f ect at low and 
t her mal n ener gies 
wave nat ur e of neut r ons
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Energy Transf er in Elast ic Scat tering
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Neut ron Energy Spect rum
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Mult iple n- A Scat tering
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Thermalizat ion Through Scat tering
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n Angular Dist ribut ion
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A Dependence of Angular Dist ribut ion
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Light nuclei: slowing-down and diffusion of neutron flux
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Principle of Fast - Neut ron I maging (2)
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Neut ron Dif f usion

Mult iple scat t er ing = st at ist ical pr ocess
Heavy mat er ials (A>>1): r andom scat t er ing
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Pr obabilit y f or no collision along pat h lengt h x: P(x)

Number of collisions E0 E1

f or = const .
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Neut ron Mean Free Path

FWHM 2.35

xN x N 0 e

1 1
mfp

35

30

25

20

15

10

5

0

2 4            6            8             10          12   14     
Neutron Energy (MeV)

0

N
eu

tr
on

 M
ea

n 
F

re
e 

Pa
th

 (
cm

)

Mean Free Path of 
Neutrons in Water

: atomic density        
: cross section

= average path 
length in medium 
between 2 collisions
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n-St opping and Scint illat ion Pr ocess
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MANDI -01

A Mobile Accelerator-Based Neut r on Diagnost ic I mager
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