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neutrons

̋Conclusion



ICCF-15  Rome, October 6, 2009 3

INTRODUCTION

ü The detection of 2.5 MeV neutrons from DD nuclear reactions 
produced by ̆ªÑÊÈÙ×ÔÈÍÊÒÎÈÆÑÑÞd®ÓÉÚÈÊÉd³ÚÈÑÊÆ×d«ÚØÎÔÓdÔËd
©ÊÚÙÊ×ÎÚÒ̆claimed for the first time in 1989 (Fleischmann 
and Pons) Ą Cold Fusion Experiments (CF).

ü In  the early period of  CF problems to replicate the 
experiments.

ü In the last twenty years the actual emission of neutrons from 
CF phenomena is a matter of discussion among the scientists 
(which yield and energy?, how are they produced?).

ü Several claim for neutron emission: different  methods, 
neutron energies, neutron emission rate and lasting time, 
etc.Ą Different theoretical ideas.

ü Some authors looking for neutronless nuclear reactions
ü Recent claim for measuring 14 MeV neutron (?)
ü What else?
ü Is it possible to state unambiguously whether (or not) 

neutrons are actually ÊÒÎÙÙÊÉdË×ÔÒd̆ÈÔÑÉdËÚØÎÔÓ̇¤d
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Neutron Sources

̋Neutrons are neutral particles forming the nucleus 
together with protons. Discovered in 1932 by 
Chadwick (Fermi experiments in Via Panisperna!! 
Here around!!)

̋No charge ĄEasily interacts with matter (Neutrons 
used as ̆Õ×ÔÇÊ̇in matter).

̋Neutrons do not exist free because decay after 13 
min.

̋Neutrons are produced by nuclear reactions:

D+D Ą n + 3He + (Q= 3.27  MeV)

D+T Ą n + 4He +  (Q=14.1 MeV)
4He + 9Be Ą n + 12C  (Q = 5.7 MeV)   

g (2.76 MeV)  + 9Be Ą n + 8Be

Neutrons cannot be accelerate, they loose energy 
when interacting with matter
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Neutron-Matter Interactions

̋The neutron - matter interaction can be described by 
means of the cross - section (X - sec) which, for a 
nucleus in a given initial state, depends upon the 
energy of the incoming neutron .

̋The X - sec is not a probability but an area , it is 
measured in barn (1 barn = 10 - 24 cm2).

̋Different types of ̆ÒÎÈ×ÔØÈÔÕÎÈ̇cross - sections 
(sj), 
for the various n - nucleus interaction ĄTotal 
Microscopic X- sec: sTot = j̭ sj 

̋Macroscopic X- sec : STot = N* sTot.

̋ A beam of monoenergetic neutrons is absorbed as: 
I(x)=I 0exp( -STotx) (the inverse of the total cross 
section is the ̆ÒÊÆÓdË×ÊÊdÕÆÙÍ̇pdl=1/STot).
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Cross Sections

̋ Two broad families of X - sec: 
a) elastic scattering; b) NON- elastic scattering.

̋ The basic difference between the two families is in the neutron 
energy necessary to occur . 

̋ Roughly speaking, for heavy nuclei (e.g. Au, Pb, U etc.) at energy 
< 0.1 MeV the main n- nucleus interaction is the elastic scattering
(e.s.) 

̋ For light nuclei (H, D, Li, Al, etc.) the threshold for (e.s.) is 
shifted toward higher energy (> 0.5 MeV) . The elastic scattering 
is typically almost constant over a wide energy range (e.g.  H, up 
to 100 MeV).

̋ As soon as the neutron energy increases and reaches at least 
that of the first exited level of the target nucleus (> 5 - 6 MeV), 
inelastic scattering as well as other reactions can occur. 

̋ At low energy Ą Radiative capture, (n,g) reactions.
̋ In condensed matter X - sec and nuclear process can be affected 
ÇÞdÙÍÊd̆ÒÆÓÞ̇dÓÚÈÑÊÎr
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Comparison among Thermal Cross Sections
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ÅAt low energy X - sec much higher 
than X - sec at high energy (At low 
(thermal) energy, neutrons move 
ØÑÔÜÑÞdØÔpdÈÔÒÕÆ×ÊÉdÙÔd̆ËÆØÙ̇d
neutrons, they need a longer time to 
cross a nucleus. The probability to 
be captured is thus higher for 
thermal neutrons than for fast 
neutrons (radiative capture). 

X- Sec
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Neutron Slowing-down

̋ Neutrons always slow - down when moving in matter. 
̋ Elastic scattering is very common (and constant) at all 

energies.
̋ The energy loss per elastic collision depends upon the atomic 

mass A of the target nucleus: 

where

m* is the scattering cosine in the C.M. frame (isotropic)

̋ Light materials are efficient neutron moderators . 
̋ The average cosine of the scattering angle (in the lab. frame) is 
m=(2/3)A (scattering forward peaked for small A).

̋ Heavy nuclei are not efficient moderators, the scattering is 
almost isotropic even in the Lab. Frame (C.M. in the nucleus!)


