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Nuclear-matter	constraints	

from	chiral	effective	field	theory



Ingo	Tews	



In	collaboration	with	J.	Carlson,	S.	Gandolfi,	A.	Gezerlis,	E.	Kolomeitsev,

J.	Lattimer,	J.	Lynn,	A.	Ohnishi,	A.	Schwenk,	S.	Reddy



Orsay-Workshop:	"Bridging nuclear ab-initio	and energy-density-functional	theories”,	

October	5,	2017,	IPN	Orsay,	France



Outline

Ø Motivation

Ø Chiral	effective	field	theory



e.g.	Epelbaum	et	al.,	PPNP	(2006)	and	RMP	(2009)	



• Systematic	basis	for	nuclear	forces,	naturally	includes	many-body	forces

• Very	successful	in	calculations	of	nuclei	and	nuclear	matter



Ø Local	chiral	interactions	

• Can	be	constructed	up	to	N2LO Gezerlis,	IT,	et	al.,	PRL	&amp;	PRC	(2013,	2014,	2016)



Ø QMC	results	for	neutron	matter	and	nuclei

Ø Symmetry	energy	constraints	from	lower	bound	of	neutron	matter

Ø Extensions	to	higher	density	using	speed	of	sound
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Motivation

What	are	the	fundamental	forces	that	

govern	strongly-interacting	matter?	

EOS	of	Infinite	Matter	at	T=0:	Ideal	

testbed,	good	matching	point

How	can	we	understand	

astrophysical	phenomena?



How	does	the	nuclear	

structure	emerge?



208Pb



Roca-Maza et	al.	PRL	(2011)
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Phenomenological	interactions



Gandolfi,	Carlson,	Reddy,	PRC	(2012)



Ø Phenomenological	interactions	give	a	very	good	description	of	properties	of	light	nuclei	

with	uncertainties	of	1-2%	in	Quantum	Monte	Carlo	calculations.

Ø Not	clear	how	to	systematically	improve	these	interactions,	especially	in	the	three-body	

sector,	and	no	systematic	uncertainties.
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Phenomenological	interactions:	3N



Maris	et	al.,	PRC	(2013)



Different	phenomenological	3N	interactions	:

Ø Urbana	IX	stiff	enough	to	support	heavy	neutron	stars	but	fails	in	nuclei

Ø Illinois	7	too	soft	to	support	heavy	neutron	stars	but	very	good	for	nuclei
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Chiral	effective	field	theory	for	

nuclear	forces

Systematic	expansion of nuclear forces in	

low momenta	Q over	breakdown	scale	Λb:

2	LECs



7 LECs



Ø Pions	and nucleons as explicit	

degrees of freedom

Ø Long-range	physics explicit,	short-range	

physics expanded in	general operator

basis,	couplings (LECs)	fit	to experiment

Ø Separation	of scales:✓

Expand in	powers of	



Q

⇤b



Ø Power	counting scheme



◆⌫



✓ ◆⌫

1

⇠

3



Ø Can	work	to	desired	accuracy	with	

systematic error	estimates	

15	LECs

Weinberg,	van	Kolck,	Kaplan,	Savage,	Wise,	

Epelbaum,	Kaiser,	Machleidt,	Meißner,	Hammer	...
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Chiral	effective	field	theory	for	

nuclear	forces



Epelbaum	et	al.,	Eur.	Phys.	J	(2015)



X



N2 LO



⇣



4



= max Q X



LO



2



,Q X



NLO



X



LO



,Q X



N2 LO



Q = max(p/⇤b , m⇡ /⇤b )



X



NLO



⌘



Systematic	expansion	of	the	nuclear	forces:	

Ø Can	work	to	desired	accuracy	

Ø Can	obtain	systematic error	estimates	
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Chiral	effective	field	theory	for	

nuclear	forces

Many-body	forces:

Ø Crucial	for	nuclear	physics

Ø Natural	hierarchy	of	nuclear	forces

Ø Consistent	interactions:	Same	couplings	

for	two-nucleon	and	many-body	sector

Ø Fitting:	NN	forces	in	NN	system	(NN	

phase	shifts),	3N	forces	in	3N/4N	

system	(Binding	energies,	radii)



Coraggio,	Holt,	

Itaco,	

Machleidt,	

Marcucci,	

Sammarruca,	

PRC	(2014)
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EOS	for	asymmetric	matter

MBPT



Drischler et	al.,

PRC	(2016)
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