
Using lasers to optimize densities and temperatures of plasmas for 
Nuclear Physics 

M. Barbarino, Ph.d. student Texas A&M, USA

INTRODUCTION:
Create energetic ion beams under specific physical 
conditions, i.e. temperature, density, collective acceleration, 
etc., for basic nuclear science and applications. 

A. Bonasera et al. (LAPLAFUS coll.), Measuring the astrophysical S-factors in plasmas, 

4th Int. Conf. on Fission properties of neutron rich nuclei. Sanibel Is. Nov. 2007. J Hamilton et al. eds. P.541.
1



Using lasers to optimize densities and temperatures of plasmas for 
Nuclear Physics 

M. Barbarino, Ph.d. student Texas A&M, USA

INTRODUCTION:
Create energetic ion beams under specific physical 
conditions, i.e. temperature, density, collective acceleration, 
etc., for basic nuclear science and applications. 
Results from U.T. (Austin, TX) experiments with petawatt 

laser on D+3He targets (measuring the astrophysical S-factor in plasmas)

A. Bonasera et al. (LAPLAFUS coll.), Measuring the astrophysical S-factors in plasmas, 

4th Int. Conf. on Fission properties of neutron rich nuclei. Sanibel Is. Nov. 2007. J Hamilton et al. eds. P.541.
1



Using lasers to optimize densities and temperatures of plasmas for 
Nuclear Physics 

M. Barbarino, Ph.d. student Texas A&M, USA

INTRODUCTION:
Create energetic ion beams under specific physical 
conditions, i.e. temperature, density, collective acceleration, 
etc., for basic nuclear science and applications. 
Results from U.T. (Austin, TX) experiments with petawatt 

laser on D+3He targets (measuring the astrophysical S-factor in plasmas)

Results from ABC-ENEA (Frascati, IT) experiments for
p+11B reactions

A. Bonasera et al. (LAPLAFUS coll.), Measuring the astrophysical S-factors in plasmas, 

4th Int. Conf. on Fission properties of neutron rich nuclei. Sanibel Is. Nov. 2007. J Hamilton et al. eds. P.541.
1



Using lasers to optimize densities and temperatures of plasmas for 
Nuclear Physics 

M. Barbarino, Ph.d. student Texas A&M, USA

INTRODUCTION:
Create energetic ion beams under specific physical 
conditions, i.e. temperature, density, collective acceleration, 
etc., for basic nuclear science and applications. 
Results from U.T. (Austin, TX) experiments with petawatt 

laser on D+3He targets (measuring the astrophysical S-factor in plasmas)

Results from ABC-ENEA (Frascati, IT) experiments for
p+11B reactions

CONCLUSIONS

A. Bonasera et al. (LAPLAFUS coll.), Measuring the astrophysical S-factors in plasmas, 

4th Int. Conf. on Fission properties of neutron rich nuclei. Sanibel Is. Nov. 2007. J Hamilton et al. eds. P.541.
1



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 2



Target area of the Texas Petawatt for the cluster fusion experiment

LN2 cooling line

We have conducted the first laser induced cluster 
fusion experiments on the Texas Petawatt

Faraday cup

scintillation 
detectors @2m

TA side camera
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UT-Petawatt laser
100-200 J in 150-200 fs

D+3He 
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2 beams -100 J in 3 ns
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ABC-ENEA laser 
2 beams -100 J in 3 ns

p+11B

We are trying to study fusion reaction on heavier systems 
but with less powerful lasers!!

“..we do not because it is easy but because it is hard!” (J.F.K.)

“..that is what we have available nowadays.”

WHY???
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EXPERIMENTS LAYOUT
• Two laser beams collide onto solids 11B target with different 

geometries

• During the experiment, a total of 10 Faraday cups were 
employed to collect data at different angles.
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EXPERIMENTS LAYOUT

HERE BORON ATOMS ONLY!

• Two laser beams collide onto solids 11B target with different 
geometries

• During the experiment, a total of 10 Faraday cups were 
employed to collect data at different angles.
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ABC - U.T. DATA COMPARISON
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Experiments at ABC show less electromagnetic noise!

ABC - U.T. DATA COMPARISON
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THE TRICK??

9



THE TRICK??

9



DATA ANALYSIS

FARADAY CUP at 72.75° 
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EASY

DATA ANALYSIS
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DATA ANALYSIS

FARADAY CUP at 127.5° 
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DATA ANALYSIS

MORE 
COMPLICATED

FARADAY CUP at 127.5° 
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Looking for the maxima can be easier 
than fitting complicated distributions!
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CONCLUSIONS
• Next stop: p+11B fusion reactions!

Thank you !

Work in collaboration with:
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Laser Efficiency: almost 90% 
summing up all charges in some cases
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