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Figure 2: A diagram of the different reactions [1-3]

Experiments of fusion reactions driven by lasers are important for many aspects, such 

as measuring the cross section and reaction rates of plasma. In experiments using the 

Texas Pettawatt Laser at University of Texas, D2 clusters of various sizes mixed with 3He 

gas absorb laser’s energy and are ionized. The D2+
3He clusters undergo a Coulomb 

explosion, creating a hot plasma which causes the reactions. [1-3] This analysis studies 

two possible fusions: D(d, 3He)n and 3He(d,p)4He. The energy distribution of the ions 

within the clusters can be described by a Maxwell-Boltzmann distribution, a shifted 

Maxwell-Boltzmann distribution, or a log-normal distribution. [4] This work analyzes the 

log-normal distribution by using the S-factor and the fits to estimate the number of 

fusions. These yields are compared with experimental data to determine if the log-

normal distribution is an accurate description. 

A faraday cup with a 

diameter of 16mm 

was placed 1.07m 

from the plasma. A 

cryo-cooled gas 

mixture of D2+
3He 

was released from 

gas jet.  A 90-180J 

pulse from the Texas 

Pettawatt Laser 

removed the 

electrons from the D2

clusters. The clusters 

form a hot plasma 

due to the Coulomb 

explosion. [1-4] 

Figure 1: A diagram of the experimental set up [1-3]

The data is transformed into energy 

space for analysis using the equation:

𝑑𝑁

𝑑𝐸
=

𝑠

𝑚𝑣3
𝑑𝑉

𝑞𝑒𝑅

Where s is the distance of the Faraday 

cup, m is the mass of deuterium, v is the 

velocity of the ions, dV is the voltage, q 

is the charge state, e is the elementary 

electron charge, and R is the resistance. 

[1-3]

Log-normal Distribution

Figure 3: An example graph of the signal in time space.  

The signal is analyzed and fit in M 

space then transformed to energy 

space. The log-normal distribution 

describes the distribution of the 

cluster size, but by using the 

transformation, also describes the 

energy distribution of the deuterium 

ions. [1-2,4-8] If the log-normal 

distribution is the best description, 

the energy distribution of the hot 

deuterium ions is so chaotic that it 

appears thermalized. The chaos is 

caused by many-body interactions 

over long distances as well as 

different charges and different 

masses of the particles involved. 

[10] 
Figure 4: An example graph of the log-normal fits in energy space

Figure 5: The graph of number of fusions by each shot

We were able to fit the signal well using the log-normal distribution. However, using the 

good fit, the number of fusions is an overestimation in all cases, as seen with case one 

(red) in Figure 5. Then we adjusted the fit until we were able to match the experimental 

yield i.e., log-normal distribution case two (blue). However, the fit does not actually fit the 

data, as seen in Figure 4. We were unable to both fit the data and match the 

experimental yield with the same curve, indicating that the log-normal distribution does 

not accurately describe the energy distribution of the ions.
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The hot deuterium ions in the plasma can undergo three possible fusion reactions: 

D(d,t)p, D(d, 3He)n, and D(3He,p) 4He. The last two reactions, which produce 2.45 MeV 

protons and 14.7 MeV neutrons, are analyzed. Only the D2 clusters in the laser field are 

irradiated, so some D2  clusters are cold. The hot deuterium ions can fuse with other hot 

deuterium ions or cold deuterium ions to form 3He. Thus there are two contributions to the 

number of neutrons produced. Since the 3He is cold,  there is only one contribution to the  

number of protons produced. [1-3]

The log-normal distribution of the density of cluster size M takes the form:

𝑛𝐶 𝑀 =
𝑀0

𝑀 2πσ2
𝑒
−
𝑙𝑛𝑀−μ 2

2σ2

Where M0 is the normalization constant, μ and σ are the mean and standard deviation of 

the distribution of the natural logarithm of the cluster size. [1-2,4-8] The Coulomb energy E 

is related to M through the equation: 

𝑉𝐶

𝑀
= 5.1 ∗ 10−3𝑀

2

3 = 𝐸𝑑 [9]

The Faraday cup records the current. The initial spike is caused by intense x-ray emission 

due to the electromagnetic field. [1] The x-rays affect the response time of the Faraday 

cup.

Results

From the fit in energy space and using the measured cross section for the appropriate 

reaction, the number of fusions is estimated. For d+d hot-hot fusions, the following 

equation is used: 

< 𝑁𝑜𝐹 > = ρ𝐷𝑙𝑁𝐷 < σ𝐷+𝐷 >

where ρ𝐷 is the density of deuterium ions, l is the “radius of a sphere with volume equal to 

a cylindrical plasma of radius r and height R” [9] (.25 cm), and

< σ𝐷+𝐷 >=  
𝑑𝑁

𝑑𝐸
σ 𝐸 𝑑𝐸 is the average cross section between hot deuterium ions. For 

d+d hot-cold fusions, R-l is used instead of l and the cross section for hot-cold deuterium 

ions is used, i.e., 𝐸𝐶𝑀 ℎ𝑐 =
1

2
𝐸𝐶𝑀 ℎℎ. For d+3He fusions, the following equation is used: 

< 𝑁𝑜𝐹 > = ρ3𝐻𝑒𝑅𝑁𝐷 < σ𝐷+3𝐻𝑒 >

where the cross section for d+3He is used, i.e., 𝐸𝐶𝑀 𝐷+3𝐻𝑒 =
3

5
𝐸𝐶𝑀 ℎℎ [1-3]


