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Summary	
The	 main	 interest	 in	 the	 aneutronic	 nuclear	 fusion	 reac.ons	 for	 energy	
producSon	 concerns	 the	 possibility	 of	 greatly	 reducing	 the	 problems	
associated	 with	 neutron	 ac.va.on	 and	 related	 requirements	 for	 biological	
shielding,	remote	handling,	and	safety.	Among	the	so	called	“advanced	fusion	
fuels”	 the	 proton-Boron	 fusion	 reac.on	 seems	 to	 be	 the	 most	 a_ainable	
from	an	experimental	point	of	view,	due	to	the	relaSvely	high	cross	secSon	of	
the	process	exhibited	at	the	centre	of	mass	kineSc	energy	of	148	KeV	and	580	
KeV	 respecSvely.	 An	 experiment	 has	 been	 performed	 at	 CELIA	 in	 which	 a	
mul.-TeraWaC	 Ti:Sapphire	 laser	 interacted	 at	 fairly	 relaSvisSc	 intensiSes	
with	different	solid	targets.	The	experiment	aim	was	to	invesSgate	two	fusion	
processes,	p-B	and	D-D,	the	first	of	which	aneutronic.	Al	thin	foils	were	used	
to	 produce	 energeSc	 protons	 to	 be	 addressed	 to	 a	 Boron	 target,	 while	
deuterated-plasSc	 targets	 were	 used	 to	 induce	 the	 D-D	 fusion	 reacSon.	
Several	diagnosScs	were	acSvated	to	monitor	the	effecSveness	of	the	 laser-
target	 interacSon,	 the	energy	spectrum	of	 the	accelerated	parScles	and	the	
release	of	charged	parScles	related	to	the	acSvated	fusion	processes.	
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PRESENTATION	OUTLINE	

•  Experimental	set-up	
•  EnergeSc	proton	producSon	by	LPA	
•  P+11B	fusion	reacSons	
•  D+D	fusion	reacSons	
•  Conclusions	
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The	LASER	
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The	ultra-short	LASER	pulse	
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Pulse	Time	Profile	



Deuterated	plasSc	and	Al	foils	
on	the	target	holder	
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200	µm	deuterated	plasSc,		C2D4	
	
6-10	µm	Al		



The	interacSon	chamber	
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InteracSon	Chamber	
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InteracSon	Chamber	
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Diamond	Detectors	
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Proton-Boron	reacSon	
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p+ 11B  → 3  4He  (8.7MeV )

Cross	secSon	max.	@	148	-	580	KeV	



Proton	Laser-Plasma	AcceleraSon	

TIME	OF	FLY	(TOF)	MEASUREMENS	
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TOF	
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6µm	Al	foil,		I=2x1018	W/cm2		



TOF	
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10µm	Al	foil,		I=1.6x1018	W/cm2		



ENERGETIC	PROTONS	ON	11B	TARGET	
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CR39	set-up	
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Laser	

6µm	Al	foil	 CR39	

thick	Al	screen			



CR39	Set-up	
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thick	Al	screen			

CR39	



CR39	set-up	
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CR39	and	11B	



CR39	Data	Analysis		
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CR39	a-COUNTS	
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CR39	a-COUNTS	
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D+D	reacSon	

25-30/09/2016	 Channeling-Sirmione	

2
2D +  2

2D →  1
3T  (1.01MeV ) + p (3.02MeV )       50%

2
2D +  2

2D →  2
3He (0.82MeV ) + n (2.45MeV )     50%



TOF	MEASUREMENTS	



ScinSllator	and	PM	



GEANT4	SimulaSons	



CounSng	rates	



PIC	SimulaSons	





CONCLUSIONS	
*Protons	at	energies	up	to	a	dozen	MeV	by	
irradiaSng	thin	Al	foils	have	been	accelerated	
*EnergeSc	protons	sent	on	a	massive	11B	
sample	induced	p+11B	fusion	reacSons	and	
alpha	parScles	have	been	detected	
*IrradiaSng	a	deuterated	plasSc	foil	D+D	
fusion	reacSons	have	been	induced	and	
2.5MeV	neutrons	detected	
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