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Summary

We	refer	to	proton-Boron	collisions,	not	to	thermonuclear	reac<ons.	
Nuclear	fusions	can	be	produced	during	the	interac<on	of	pulsed	lasers	with	plasmas.	
Schemes	for	proton-Boron	collisions	in	laser-plasmas	have	been	successfully	tested	already.	
Same	reac<ons	induced	in	solid	B	targets	by	proton	beams	as	well.	

The	proton-Boron	fusion	reac<on	is	interes<ng	in	the	framework	of	the	produc<on	of		
nuclear	energy	for	civil	purposes,	because	aneutronic.	

Here	we	present	a	summary	of	theore<cal	concepts	useful	to	answer	the	ques<on:	
When	is	it	more	advantageous	to	induce	proton-boron	reac<ons	in	laser-plasmas	than	
in	solid	targets	by	means	of	proton	beams?		
	



Proton-boron fusion cross-sec0on

The	minimum	impact	parameter	is	chosen	as	the	max	
between	the	turning-point	distance	and	the		
De	Brogle	wavelength	(approximately)	



Enhancement factor to the cross-sec0on

In	plasmas:	 In	solids	
Screened	Coulomb	Poten<al	

Debye	length	

Plasma	Gamow	Factor	

Sommerfeld	Parameter	

Solid	Gamow	Factor	

Constant	Atomic	Screening	

Some	considera<ons		
and	calcula<ons	

Gamow	integral	in	vacuum	



Proton range and fusion probability
Fermi	formula	for	energy	losses		

Dielectric	func<on	Plasma	environment	 Solid	environment	

Proton	losses	in	plasmas	 Proton	losses	in	solid	targets	

Proton	range	in	plasmas	
Proton	range	in	solid	targets	



Fusion probability comparison

Plasma	temperature	 We	consider	proton	beams	impinging	to	a	plasma	or	a	solid-target	slab	
Both	plasma	and	solid	at	solid-state	density	(of	Boron)	Proton	energy	

Proton	Range	in	Boron	plasmas	

Fusion	Probablity	in	Boron	plasmas	

The	number	of	fusion	reac<ons	over	a	
length	corresponding	to	the	proton	range	

Proton	Range	in	solid	Boron	

Fusion	Probability	in	solid	Boron	

Enhancement	factor	
Fusion	cross	sec<on	
Boron	number	density	
Proton	range	



Rela0vis0c quantum plasmas

We	consider	a	plasma	temperature	

Dielectric	func<on	to	be	inserted	into	the	Fermi	formula…	

…together	with	the	general	loss	rate			,	giving	the	width	of	the	plasma	resonance.	

Electron	plasma	density	
greater	than	the	solid-boron	density	

Electron	plasma	density	
greater	than	the	solid-boron	density	

Proton	Range	

Fusion	Probability	

Proton	Range	

Fusion	Probability	



Conclusions

It	was	already	clear	that	p-B	fusion	reac<ons,	induced	by	proton	beams	impinging	on	Boron	
are	favored	when	Boron	is	solid,	due	to	atomic	screening,	lost	in	plasmas.	
We	wanted	especially	to	inves<gate	when	the	opposite	scenario	becomes	true.	

We	summarized	few	concepts	and	showed	few	calcula<ons	helping	to	find	the	answer.	
These	concepts	could	be	important	both	for	fusion	reac<ons	occurring	in	laser-plasmas	
as	well	as	in	astrophysical	plasmas	(nuclear	photosynthesis).	

Only	within	extreme	plasma	environments	the	Debye	shielding	becomes	effec<ve.		
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