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Measuring S-factors in hot and dense plasma
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1.0 Title: Measuring Cluster Fusion Plasma Temperature and Density from 

3He(d,p)4He and d(d,p)T Reactions 
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3.0 Experimental Objectives and Concept 

 
We propose to conduct experiments that follow on from the successful deuterium 
cluster fusion experiments in early 2011 on the TPW.  Specifically we propose a 
detailed investigation of ion temperature in hot exploding cluster plasmas.  To do this 
we will simultaneously measure the experimental yield from two different nuclear 
reactions.  While our first experiments utilized pure deuterium to drive the d(d,p)T 
and d(d,n)He3 reactions we now propose to mix He3 into the gas jet target to allow us 
to measure simultaneously yields from the He3(d,p)He4 and the d-d reactions.  
Because these two reactions have different cross sections, measuring the ratio of the 
yields between these two reactions will allow a precise determination of the plasma 
temperature at the time when the reaction occurred (assuming thermalization).  The 
measure of the experimental yield from sequential reactions will also make possible a 
direct measurement of the plasma density at the time of the reaction.   Once the 
conditions of the plasma are determined we can extract astrophysical S-factors as well 
as the range of charged particles in plasmas.  Ultimately we plan to study ‘exotic’ 
reactions of fundamental importance to understand stars evolution such as sequential 
α fusion reactions leading to 12C.  The proposed experiment is a collaboration 
between CHEDS scientists and the Nuclear Physics group from the Cyclotron 
Institute at the Texas A&M University.   
 
The first planned experiment will investigate the nuclear reactions produced in the 
laser induced explosion of deuterium clusters.  The reaction d (d,n) He3 has been 
extensively studied in the last years by the UT group, by detecting the characteristic 
2.45 MeV neutrons.  We would like to complete the information derived from 
previous experiments by measuring the 3.02 MeV protons resulting from the reaction 
d (d, p)T.  We would also like to estimate the yield of the secondary reactions 
He3(d,p)He4 and T(d,n)He3 by detecting the characteristic 14.69 MeV protons and 
14.5 MeV neutrons respectively.  Although these secondary reactions are difficult to 
study due to their low probability, they are of primary importance to derive the 
density and temperature of the plasma. 
    

P.Andreoli, R.DeAngelis,  F.Consoli, ENEA



D2 gas tank
(high backing pressure)

High power 
laser pulse in

Supersonic Nozzle

• Most of the laser pulse energy is 
absorbed by the atomic clusters.
• Clusters experience Coulomb 
explosion after electrons escape. 
• DD fusion occurs, and 2.45MeV  
fusion neutrons are produced.

High power laser can be used to generate neutrons 
from the fusion reaction

Nuclear fusion from laser-cluster interaction

Cyclotron Colloquium, June 8, 2011



Expected fusion reactions: 

D + D  ->T (1.01 MeV) + p (3.02 MeV)  
(50%) 

D + D -> 3He (0.82 MeV) + n (2.45 MeV)  
(50%) 

D + 3He->  4He (3.6 MeV) + p (14.69 MeV)  
(100%) 

D + T->  4He (3.5 MeV) + n (14.1 MeV)  
(100%) 
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Measure V for each event
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Make a good measurement of the ion distributions 
and get rid of the noise









Plasma is a harsh environment. If the collisions occur in 
the presence of electrons, the probability might go up
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Cryogenic 
d+t Target 

or solid 
6Lid(t)

Measure plasma ions kinetic energy 
distribution: determine non-equilibrium and 

thermal components

NIF

Laser-
Beams

Measure number 
of fusions in 

d+t—>a+n 
d+d—>3He+n(t+p) 

t+t—>a+2n

..3rd,4th …order nuclear reactions.Some reaction can be measured, some NOT.

From these informations we can derive the astrophysical 
S-factor for the main channels and some of the higher 
order reactions as function of temperature, density and 
collective energy of the plasma.
In the 18 months we plan to perform 8 shots @ NIF with 
various targets-laser beams combinations and 
preliminary data analysis completed.





































Strong screening in 
compressed plasma!
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