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Selected	Challenges:	from	very	low	to	very	high	energies	

The	place	of	Nuclear	(reaction)	Theory	in	Europe

Schematic	view	of	nuclear	(experimental)	physics	today



Schematic	view	of	nuclear	(experimental	physics)	today	in	Europe
From	the	theory	point	of	view
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Challenges	for	nuclear	reactions
Richness	and	complexity	of	nuclear	reaction

New	particles	
(pions,	hyperons,	…)

Challenge	1:	provide	a	
comprehensive	description
of	all	phenomena.



Illustration	of	the	role	of	reactions	on	fragment	production	
Nuclei	at	the	frontiers

Spiral	1	upgrade	(P.	Delahaye)

Physics	along	N=Z
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(H.	Savajols)



Nuclear	Physics	today
Nuclei	at	the	frontiers
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Challenge	2:	describe	new	
aspects	far	from	stability.
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Nuclear	physics	today:	a	nuclear	structure	perspective	
Emerging	phenomena	and	theoretical	challenges

Shell	evolution	and	new	magic	numbers

More	and	more	
heavy	nuclei	

New	excitation	modes
Halo	 Clustering

New	radioactivity



Motivation	for	Exotic	nuclei:	understanding	the	sructure of	nuclei	
Emerging	phenomena	and	theoretical	challenges	

VSCorrelated	
systems

Density	
Functional

approach	in	and	
Beyond	mean-field		

In-medium	interaction

N N + 1 N + 2 Emission	threshold

Role	of	continuum

Stable	and	exotic	nuclei:

Mesoscopic open systems.	

Strongly		constrains	the	Interaction
Correlation effect	are	enhanced



Experiments	with	exotic	nuclei
Treating	the	continuumBeam
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Nuclear	physics	today
The	ab-initio	breakthrough

Starting	point	:	Chiral Lagrangian

Feynman	diagrams

Epelbaum et	al,	arXiv:0811.1338

“Direct”	link	to	QCD	(chiral)

Systematic	Constructive	method

Consistent	NN,	3N,	4N	…



Nuclear	physics	today
The	ab-initio	breakthrough:	another	challenge	for	reaction	theory

Reaction	
models

Ab-initio
“less	empirical”

input	

“Empirical”
Input

(EDF,	…)	

(16O	added	for	the	fit)

Difficulty:	convergence	and	power	counting	

Symmetric	matter	EOS

Drischler,	et	al,	Phys.	Rev.	C	93	(2016)

Another	Challenge	for	the	next	decade:
Provide	a	consistent	“ab-initio”	
Description	of	static	and	dynamical	
properties	of	nuclei.		

Elhatisari et	al,	
Nature	528	(2015)

What	about	
the	unification	

of	theory	
for	nuclei?

Hupin et	al,	PRC	88	(2013)	



Study	of	specific	dynamical	phenomena	per	se



Probe	of	long-range	correlations	with	nuclear	evolution
2n-transfer	reactions

2n-break-up	reactions

2	particle	radoactivity



Illustration:	Description	of	particle	transfer	below	the	Coulomb	barrier

Potential

Dissipation

Illustration	of	precise	data

Corradi et	al,	Phys.	Rev.	C	84	(2011)
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Theory	versus	experiments

Unrestricted	simulation	of	collisions	with	superfluid	
nuclei	can	now	be	performed	(TDHFB,	TDHF+BCS)

48Ca 40Ca 48Ca 40Ca

tim
e

Scamps et	al,	PRC	87		(2013).

Collision	between	two	superfluid	nuclei:	new	aspects	due	to	gauge-angle	orientation?

Magierski et	al,	PRL	119	(2017)	



Large	amplitude	collective	motion:
Bridging	to	the	low	excitation	(order)	to	high	excitation	regime	(disorder)

(from	A.	Staszczak)
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Fast	fission

Coulomb	boost
Extremely	slow	pairing/dissipation	dominated	motion
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Time-dependent	description	of	fission	
Exotic

Quantum	
Chaos

Quantum	
Order

From	dynamical	to	statistical	approach

Many-body	treatment	of	internal	disorder	

From	empirical	to	less-empirical	
Microscopic	theories	



Large	amplitude	collective	motion:
Bridging	to	the	low	excitation	(order)	to	high	excitation	regime	(disorder)

(from	A.	Staszczak)
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Adapted from 
J. Randrup et al, NPA538 (92). Collisions	at	

Fermi	energy

Very-low	energy

Tanimura et	al,	PRL118,	(2017)

Unification?

Napolitani,	Colonna,	PRC	96,	(2017)
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New	species	production

New	particles	
(pions,	hyperons,	…)



Ab-initio	vs experiments
From	nuclei	to	hypernuclei

35	data	only
(for	comparison	nn,	np…	between	
2000/3000	data)

YN	Interaction

Polinder et	al,	NPA	(2006)



New	opportunites at	FAIR

HypHI program	at	GSI	(from	Saito	et	al)	 Constraint	on	the	Hyperon-Nucleon	interaction

Understand	their	properties

Binding	energy
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Richness	and	complexity	of	nuclear	reaction
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www.esf.org/fileadmin/user_upload/esf/Nupecc-LRP2017.pdf





Theory	network	within	the	ENSAR2	consortium

TheoS ECT*NUSPRASEN

TheoS main	node	and	associates


