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Ins7tuto	Fusión	Nuclear	“Guillermo	Velarde”	
Areas		

•  High-	Energy	Density	physics:	

–  X-ray,	XUV	sources,	Radia7ve	Shocks,	and	IFE	targets	design.	
•  Atomic	Physics	for	High	Density	Plasmas	

•  Materials	under	irradia4on	and	extreme	condi4ons	(fusion-fission-transmuta4on)	
in	Nuclear	Fusion:	

– Plasma	Facing	Components/First	Wall	materials	
– Target	materials:	EOS	of	Hydrogen	

– Op4cs	
•  Neutronics:	Ac4va4on,	Tri4um,	Hea4ng,	Structural	Materials	
•  Radia7on	Sources:	

–  Neutron,	Ions:	
•  European	Spalla7on	Source	(ESS-Bilbao)	
•  Laser-based	ion	and	neutron	sources		

•  Laboratories	for	Materials	Implanta7on,	Characteriza7on	and	Permea7on		
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Two	items	in	High	Energy	Density	Physics	
•  Applica7ons	to	3D	Image	and	

Diagnosis		
	 (Plasma	Phys.	Control.	Fusion	60	

(2018)	014030)	
–  Compact	Amplifiers	design	for	X-ray	

lasers	based	in	plasmas.		
–  	Interac7on	of	High	Intensity	X-ray	

Lasers	with	ma^er	(Free	electrons	
Lasers)	
•  Laboratoire	d'Op7que	Appliquée	

(ENSTA,	Paris),	CNRS,	CEA,	LULI	
•  Group	of	lasers	and	Plasmas	(GOLP,	

Lisboa)	

Radia7ve	Shocks	forma7on	and	Counterpropaga7ng	
(PRL	119,	055011	(2017)	Experiments	in	ORION)	
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Pathway	proposed	in	HiPER	project	
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Using	experience	in	designing	Dry	Chamber	for	
HiPER	Direct	Drive	Project	
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Using	experience	in	designing	Dry	Chamber	for	
HiPER	European	Direct	Drive	Project	
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Last	5	years:	Emphasis	in	Research	areas	
Plasma	Facing	Materials:	NANOSTRUCTURES	based	in	W,	
HOLLOW	NANOSpheres.	

CORROSION:	COATINGS	based	in	SiC	and	Nanomaterials	

OPTICAL	MATERIALS:	
	 NANOPLASMONIC-Nanopar7cles	
	 Thermal	Shielding	for	Radia7on	Hea7ng	

NEUTRONICS:	Tri7um	Breeding	Dynamic	Control	and		
Tools	for	detailed	3D	calcula7ons	including	uncertain7es			
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Time	dependent	Thermo-mechanical	Loads	and	
Coarse	Grained	W	

Gonzalez-Arrabal,	R.,	Rivera,	A.	and	Perlado,	J.	M.,	
	In	Ma^er	and	Radia7on	at	Extremes,	volume	5,	2020	
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Columnar	Nano-W	research	as	PFM	

Gonzalez-Arrabal,	R.,	Rivera,	A.	and	Perlado,	J.	M.,	
	In	Ma^er	and	Radia7on	at	Extremes,	volume	5,	2020	
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First	Wall	structure:	HOLLOW	NANOPARTICLES	

Temperature	of	a	FW	made	of	hollow	NPs		as	a	funcQon	of	
Qme	aRer	target	explosion		(t	=	0)	for	target	yields	of	154	MJ	
(blue)	and	50	MJ	(rest),		Demo	and	Prototype	scenarios,	
respecQvely.In	the	Prototype	scenario,	the	temperature	at	the	
surface	(black)	and	at	a	depth	of	5.5	μm	beneath	the	surface	
(red)	is	ploZed.	

	The	W-hNP	is	able	to	resist	
very	high	internal	pressures;	
however,	rupture	is	produced	at	
certain	pressure	depending	on	
the	temperature.	

P.	Díaz-Rodríguez	et	al.,Nucl.	Fusion	60	(2020)	096017	

J.C.	Castro-Palacio	et	al.,	J.	Phys.	Chem.	Le^.	2020,	11,	13,	5108–5114	
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CORROSION	by	Liquid	Metals:	Coa4ngs	



16	/	12	/	2020																J.	Manuel	Perlado		 	 41st	Annual	Mee7ng	Fusion	Power	Associates	 	 	 	 	 	 	 	 	 	 	 	 	 	

OPTICAL	RESPONSES:	PLASMONIC	NANOPARTICLES	

Peña-Rodríguez,	
O.,	et	al.,	in	
Scien7fic	
Reports,		
volume	7,	2017.	
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Op7cal	responses:	Laser	Gold	Nanorods		

•  Irradia7on	of	gold	nanorod	colloids	with	a	fs	laser	yields	colloids	with	ultra-narrow	localized	surface	
plasmon	resonance	(LSPR)	
–  Gentle	mul7-shot	reduc7on	of	the	aspect	ra7o	
–  Rod	shape	and	volume	are	barely	affected	

•  Successful	reshaping	requires	a	delicate	balance	
–  	Irradia7on	fluence	(i.e.,	energy	deposi,on)	
–  Surface	density	of	the	surfactant	(i.e.,	energy	release)	

G.	Gonzalez-Rubio	et	al.,	Science	358	(2017)	640-648;	
Peña-Rodríguez,	Ovidio,	et	.,		in	ScienQfic	Reports,	volume	10,	2020.	
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Op7cal	Systems:	Temperature	mi4ga4on	and	Aberra4ons	

SoluQon	for	HeaQng	of	
Final	OpQcs	by	RadiaQon	
and	Ions.	

Engineering	
Proposal		



16	/	12	/	2020																J.	Manuel	Perlado		 	 41st	Annual	Mee7ng	Fusion	Power	Associates	 	 	 	 	 	 	 	 	 	 	 	 	 	

Tri7um	Breeding	Dynamic	Control	
A.  Fierro	et	al.,	Fusion	Engineering	and	Design,	volume	155,	2020	
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Tools	for	3D	detailed	neutronics	calcula4ons	
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Ins7tuto	Fusión	Nuclear	“Guillermo	Velarde”	

P.	 Velarde	 (Director),	 O.	 Cabellos,	 M.	 Cotelo,	 P.	
Díaz-Núñez,	 P.	 Díaz-Rodríguez,	 E.	 del	 Río,	 I.	
Fernandez1,	 D.	 Garoz2,	 R.	 Gonzalez-Arrabal,	 J.	
Kohanoff,	 F.	Ogando3,	 E.	Oliva,	M.	Panizo-Laiz,	O.	
Peña-Rodríguez,	A.	Rivera,	J.	A.	San7ago1,	J.	Sanz3,	
P..	Sauvan3,	F.	Sordo4,	E.	Vázquez		

1Nano4Energy	
2IMDEA	Materials	
3UNED	
4ESS-Bilbao	 Contributors	to	this	presentaQon	


