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ELI 

-	Nuclear	Physics	studies	@	ELI-NP	(Bucharest)		
-	Nuclear	Physics	applica9ons	@	ELI-Beamlines	(Prague)	
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Nuclear	reac9ons	studies	in	Laser	–	Plasma		



Nuclear	Physics	studies	@	ELI-NP		
(Bucharest)		

Nuclear	reac9ons	in	Laser	–	Plasma	
	

	
	
>Electron	screening		
	
	
>No-g.s.	reac9ons		
(an	important	role	can	be	also	played	
by	excited	states	[Bahcall	and	
Fowler])	

	
>Mul9-Reac9ones	(n>2		:	3-4-…	
alphas	!	)	

	
Nuclear	reac9ons:	ENTRANCE	CHANNEL	



Study	of	the	element:	

	12C	

	12C*	
	

Fred	Hoyle	(1953)	

The	Hoyle	state	.	

HB	(Horizontal	Branch)		
AGB	(AsymptoUc	Giant	Branch)	
	



0.1	GK		<		T		<		2GK		
SequenAal	process	

g.s.	

Δt=2.6	10-6s	

α	+	α	

V

…	other	sequenUal	processes	:	16O,	20Ne,	etc.	



	12C	gs	
	

RH/Rgs=1.5	

Bose-Einstein	

3α	

α+Be	



Exit	Channel	(A)	
Direct	(short	interacUon	Ume)	



Exit	Channel	(A’)	
MulUfragmentaUon		(long	interacUon	Ume	)	

1994	Freer	et	al.	[	«Phys.	Rev.	C»	49(4),	R1751	(1994)]	
	
	
	
	
	
2011,	Raduta	et	al.	[	«Phys.	Lem.	B»	705,	65	(2011).]		

O.	S.	Kirsebom	et	al.,	«Phys.	Rev.	Lem.»	108,	202501	(2012)	

branching	raUo	



Exit	channel	
Nuclear	lifeUme	

(PRL	1995	by	Amallah	et	al.)	
	



We	must	create	the	plasma	in	a	
Laboratory	…	

PLASMA	

…	to	study	Nuclear	ReacUons		



Extreme Light Infrastructure 
 – Nuclear Physics 

Detectors	working	in	plasmas	environment	

Requirements		
!  RadiaAon	Hardness	
!  Timing		
!  Insensibility	to	the	visible	

radiaAon	
!  X-ray	sensiAvity	
!  Neutrons	sensiAvity	(ITER,	

ESS,	etc.)		

Nuclear	reacUons	in	Laser	plasmas	@	ELINP	

Gas-Jet Target: Thin Mode  
(few mms) 
minimize “plasma-plasma friction”, 
the energy dissipation of the fast 
flowing plasma colliding with the 
gas-jet plasma, in order to work in 
a more “conventional” nuclear 
physics experimental scheme 
(projectiles on a rest target).   

SiC-Wall	



ELIMED		
ELI-Beamlines	MEDical	and	mulUdisciplinary	

applicaUons	

LOA	run	(Paris,	F)	is	running	—	
PRELIMINARY	

Integral	=	107	
0.1	Gy	per	shot	

Integral	=	109	



GAP	Cirrone,	pablo.cirrone@lns.infn.it		

ConvenUonal	
beams	 Laser-driven	beams	

Maximum energy 
�

250 MeV  
400 AMeV � 😃 (250 😟 ?) �

Current� order of nA � 😃�

Monochromaticity� ΔE/E	≤10-2	
Broad	beam:		

opUcal	soluUons,	target	

soluUons?,	both?	😟	

Stability, reproducibility, 
control, dosimetry�

Less that 3%� 😱$

Radiobiology� Almost known � 😟	



R.H.	Experimental	data	

M.	De	Napoli	et	al.	NIMA	600	(2009)	618		
G.	RaciU	et	al.		Nuclear	Physics	A	834	(2010)	784		

16O	@	35	MeV	

RaUo	of	peak	centroid	of	16O	energy	spectrum	
aver	(PCAI)	and	before	irradiaUon	(PCBI)	

RelaUve	Energy	resoluUon	



!  Low	leakage	current	
!  Timing		
!  Insensible	to	visible	light	

SiC	performance	

G.	Bertuccio	et	al.	IEEE	Trans.	Nucl.	Scie.	60,	NO.	2,	APRIL	2013	

TOF	distribuUon	measured	by	the	SiC	detector	for	
the	Si-H-B	(orange	curve)	and	Si	(blue	curve)	targets	

A.	Picciomo	et	al.	Phys.	Rev.	X	4,	031030	(2014)	

Xiaodong	Zhang		IEEE	Trans.	Nucl.	Scie.	VOL.	60,	NO.	3,	JUNE	2013	

"	high	energy	resoluUon	"	X-rays	detecUon		
"	sub-nanoseconds	"ToF	applicaUon	

"	neutrons	and	charged	parUcles	detecUon	in	plasmas	



THANKS,	
For	your	amenUon	!	


