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ABSTRACT

Experimental	results	demonstrating	50+	keV	x-ray	yield	enhancement	on	the	Omega	laser	
facility	 are	 shown,	 achieved	 by	 optimizing	 conditions	 for	 plasma	 instability	 generation	
leading	to	a	bremsstrahlung	x-ray	spectrum.

I. INTRODUCTION

The	National	 Ignition	 Facility	 (NIF)	 laser	 is	 uniquely	 capable	 of	 generating	 large	 x-ray	
fluence	with	Ehν	>	1	keV	through	high	energy	laser	plasma	interactions.	This	strength	makes	
it	valuable	for	several	endeavors	that	require	a	tailored,	high	flux	x-ray	spectrum,	including	
material	 testing	 and	 code	 validation	 in	 extreme	 radiation	 environments	 [1]	 as	 well	 as	
astrophysics [2,	 3],	 biomedical	 [4],	 and	 fusion	 [5]	 applications.	However,	 these	 cannot	 be	
studied	fully	because	of	difficulty	generating	high	fluence	in	the	30	– 100	keV	range,	as	can	be	
seen	 in	Fig.1a.	The four	data	points	represent	K-shell	 line	radiation	 from	recent	NIF	shots	
with	different	elements;	while	these	make	efficient	x-ray	sources	for	radiation	below	20	keV,	
the	efficiency	drops	drastically	for	higher	Z	elements	(dotted	fit	line).	Pulsed	power	devices	
like	the	Saturn	source	are	efficient	for	MeV	x-rays,	but	not	for	the	range	desired	here	[6].

The	resulting	capability	gap	for	high	fluence	x-rays	in	the	30	– 100	keV	energy	range	could	
be	filled	if	the	typical	NIF	bremsstrahlung	x-ray	spectrum	(blue	line)	were	enhanced	by	the	
optimization	of	the	plasma	instabilities;	a	conservative	estimate	is	shown	by	the	dashed	green	
line	in	Fig.1a,	which	would	enable	unique	materials	testing	experiments	to	be	done	with	a	
high	fluence	50	keV	x-ray	source.	To	achieve this,	the	somewhat	unorthodox	experimental	
goal	is	the	enhancement	of	plasma	instabilities	like	Stimulated	Raman	Scattering	(SRS)	[8]	
which	accelerate	hot	electrons	[9]	 to	be	converted	to	bremsstrahlung	x-rays	 in	 the	high-Z	
hohlraum	wall.	Such	instabilities	are	typically	reduced	on	NIF	by	design	due	to	their	negative	
impact	 on	 fusion	 [10,	 11],	 but	 using	 this	 accumulated	 knowledge	 “in	 reverse”	 for	
enhancement	presents	opportunities	for	unique	fundamental	physics	exploration.

Experimental	and	simulation	effort	has	begun	to	ascertain	the	optimum	conditions	for	SRS	
gain	and	the	subsequent	conversion	to	x-ray	energy	in	the	desired	spectral	range.	This	three-
stage	process–laser	energy	conversion	to	plasma	waves,	acceleration	of	hot	electrons	by	the	
waves,	 and	 conversion	 of	 electrons	 to	 x-rays	 via	 bremsstrahlung–must	 be	 understood	 in	
detail	to	tailor	the	resulting	x-ray	spectrum	and	yield	for	best	results.	A	typical	hot	electron	
spectrum	is	shown	in	Fig.1b.	Choosing	plasma	conditions	to	boost	T1,	Thot,	or	both	is	critical	
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and	relies	on	knowledge	of	growth	rate	and	length	scale	enhancement	of	the	laser-generated	
plasma	waves.

FIG.	1.	a)	X-ray	intensities	from	current	hohlraums	[7]	and	shots	optimizing	Fe	– Ag	line	emission	on	

NIF	 compared	 to	pulsed	power	 x-ray	 sources.	The	dashed	green	 curve	 is	 an	 estimate	of	possible	

bremsstrahlung	 enhancement	 on	NIF.	 b)	 Simulation	 demonstrating	 distribution	 temperature	 and	

number	enhancement	possible	through	optimizing	Stimulated	Raman	Scattering	(SRS):	110	keV	for	

Iλ2	=	1	×	1017Wµm2/cm2.

II. OMEGA	EXPERIMENT

A. Setup

An	experiment	was	performed	on	 the	Omega-60	 laser	 facility	 in	which	40	beams	were	
incident	into	Au	hohlraums	(2.7	mm	long,	1.6	mm	diameter,	1.2	mm	diameter	Laser	Entrance	
Hole,	25	µm	wall	thickness),	as	depicted	in	Fig.2a,	with	up	to	480	J/beam	of	λ	=	0.351	µm	light.	
The	experimental	objective	was	the	study	of	optimal	plasma	conditions	for	high	SRS	gain	and	
therefore	high	x-ray	yield	in the	30+	keV	range;	as	such	multiple	diagnostics	were	fielded	to	
examine	the	x-ray	flux	with	spatial,	temporal,	and	spectral	resolution	as	well	diagnose	the	
Raman	and	Brillouin	backscatter	in	energy,	spectrum,	and	time.

To	 investigate	 the	 appropriate	 plasma	 conditions	 for	 SRS	 backscatter	 and	 x-ray	
generation,	two	different	hohlraum	fills	were	used:	one	set	had	SiO2	foam	at	6	mg/cc	(0.2%	
ncrit),	and	another	with	10	µm	of	parylene-N	(CH)	lining	the	inner	wall,	ablated	by	a	pre-pulse	
with	variable	 time	delay	before	main	 laser	drive	arrival	(1.0,	1.5,	2.0	ns),	shown	in	Fig.2b.	
Hydrodynamic	 simulations	 (2c)	 were	 performed	 to	 judge	 the	 optimum	 range	 of	 delays	
between	 the	 pre-pulse	 and	 drive	 pulse	 for	 filling	 the	 hohlraum	with	 the	 desired	 plasma	
density.
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B. Results

Results	from	several	x-ray	and	optical	backscatter	diagnostics	will	be	presented	in	detail.	
The	primary	observation	is	a	10x	increase	in	50	keV	and	above	x-rays	was	observed	on	the	
Hard	X-ray	Detector	compared	to	previous	direct-drive	Omega	shots,	which	is a	promising	
result	 for	 the	 future	 extrapolation	 of	 this	 campaign	 to	 NIF.	 Analysis	 of	 other	 diagnostics	
reveals	that	while	the	CH-lined	targets	exhibited	the	most	SRS	backscatter,	it	was	the

FIG.	2.	a)	Diagram	of	Au	hohlraum	and	with	40	Omega	beams	incident	on	the	inner	wall.	b)	Laser	pulse	

used	with	 variable	 pre-pulse	 picket	 timing.	 c)	 Hydrodynamic	 simulations	 demonstrating	 optimal	

timing	of	pre-pulse	between	1	and	2	ps	to	achieve	desired	plasma	density	within	hohlraum.

FIG.	3.	Near	Backscatter	Imager	(NBI)	data	shown	in	false-color	logarithmic	scale	from	recent	Omega	

shots	on	various	targets:	a)	no	pre-pulse	CH,	b)	1	ns	early	CH,	c)	foam-filled.	Large	off-axis	backscatter	

for	 the	 no	 pre-pulse	 CH-lined	 target	 suggests	 further	 SRS	 studies	 to	 determine	 the	 relationship	

between	SRS	and	generated	x-rays	(highest	on	the	foam	target).

foam-filled	 and	 no	 pre-pulse	 CH	 targets	 which	 had	 the	 highest	 x-ray	 signals,	 an	 inverse	
relationship	 that	 ran	 somewhat	 counter	 to	 initial	 expectations.	 The	 x-ray	 signal	 from	 the	
HERIE	diagnostics	[12]	is	shown	in	Fig.3a,	where	the	highest	x-ray	signal	at	all	energies	came	
from	the	foam	and	CH	0	(no	pre-pulse)	targets.	One	explanation	of	this	observation	lies	in	the	
directionality	of	optical	backscatter	observed:	the	Near	Backscatter	Imager	(NBI)	shown	in	
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Fig.3b-d	demonstrates	much	greater	off-axis	backscatter	in	the	CH	0	target	compared	to	the	
foams,	despite	their	similar	x-ray	yields.	These	results	and	further	simulations	are	informing	
a	subsequent	Omega	shot	day	and	upcoming	NIF	shots	in	2018.
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