
Impact	
• The	mul)ple	measurements	of	two-solar	masses	neutron	
stars	 are	 posing	 intriguing	 ques)ons	 about	 how	 dense	
ma9er	 can	 support	 such	 large	 masses	 against	
gravita)onal	collapse.	

• The	PNM	EOS	can	play	an	 important	role	for	tes)ng	the	
microscopic	model	Hamiltonians	fit	to	NN	sca9ering	data	
and	 few-body	 observables	 against	 astrophysical	
constraints.		

• Microscopic	 calcula)ons	 of	 the	 EOS	 with	 reliable	 error	
es)mates	 up	 to	 two	 )mes	 satura)on	 density	 provide	
useful	 insights	 on	 how	 measurements	 of	 the	 )dal	
polarizabili)es	 from	 binary	 neutron-star	 mergers	 can	
unravel	proper)es	of	ma9er	at	supra-nuclear	densi)es.	

• Microscopic	calcula)ons	of	 the	EOS	are	also	affected	by	
the	 approxima)ons	 inherent	 to	 the	 method	 used	 for	
solving	 the	 many-body	 Schrödinger	 equa)on.	 To	 gauge	
them,	it	is	important	to	perform	benchmark	calcula)ons.

Accomplishments	
• Piarulli	 et	 al.,	 arXiv:1908.04426	 under	 revision	 on	
Phys.Rev.	C

Objec3ves	
• Perform	benchmark	calcula)ons	of	the	equa)on	of	state	
(EOS)	 of	 pure	 neutron	 ma9er	 (PNM)	 using	 three	
independent	 many-body	 methods:	 Brueckner-Bethe-
Goldstone	 (BBG),	 Fermi	 hyperne9ed	 chain/single-
operator	 chain	 (FHNC/SOC),	 and	 auxiliary-field	 diffusion	
Monte	Carlo	(AFDMC-CP	and	AFDMC-UC).	

• The	calcula)ons	are	made	for	the	standard	Argonne	v18	
interac)on	and	 four	of	 the	new	Norfolk	Delta-full	 chiral	
effec)ve	field	theory	poten)als	(see	figure).

Benchmark	calcula-ons	of	pure	neutron	
ma3er	with	realis-c	nucleon-nucleon	

interac-ons
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FIG. 7. Same as Fig. 6 for the NV2-Ia (upper left panel), NV2-Ib (upper right panel), NV2-IIa (lower left panel), and NV2-IIb
(lower right panel) potentials.

⇢ = 2⇢0 for the NV2-Ib model. The good agreement
between BBG and AFDMC-UC is to a large extent con-
firmed, as the discrepancies between the two methods are
smaller than ⇠ 2.5 MeV for all the densities and poten-
tials we analyzed. Once again, for densities larger than
⇢0, FHNC/SOC calculations yield considerably lower en-
ergies than BBG and AFDMC-UC.

By taking the AFDMC-UC results as references, com-
paring the EoS obtained using the AV18 and the NV2
potentials we observe that, with the exception of the
NV2-Ib case, the maximum spread among the curves
is well within 5 MeV per particle up to ⇢ = 2⇢0. In
fact, for densities smaller than nuclear saturation, the
di↵erences are always below ⇠ 1 MeV per particle. It
has be noted that the NV2-Ib interaction has a rela-
tively hard regulator (RS = 0.7 fm) and has been fit-
ted against the smallest energy range of NN scattering
data, up to Elab = 125 MeV. From Fig. 2, the P-wave
phase shifts computed with the NV2-Ib significantly de-
viate from the experimentally-extracted ones already for
Elab . 200 MeV, corresponding to densities smaller than

nuclear saturation. Hence, fitting NN scattering up to
higher energies seems to be rather e↵ective in controlling
their predictions for the energy per particle of infinite
neutron matter up to relatively-high densities.

V. CONCLUSIONS

We have carried out benchmark calculations of the en-
ergy per particle of pure neutron matter as a function
of the baryon density, employing two distinct families
of coordinate-space nucleon-nucleon potentials in three
independent nuclear many-body methods: the AFDMC,
the FHNC/SOC, and the BBG. As for the nuclear Hamil-
tonians, we have considered the phenomenological Ar-
gonne AV60, AV80 [57], and AV18 two-body interac-
tions [56], and the set of Norfolk �EFT NV2 poten-
tials [58, 59], which explicitly includes the � isobar in-
termediate state. With the exception of AV60, these po-
tentials are characterized by relatively strong spin-orbit
components, needed to reproduce the NN phase shifts in

Caption: Energy per particle of PNM calculated with the 
BBG (green diamonds), FHNC/SOC (red triangles), 
AFDMC-CP (grey squares) and AFDMC-UC (solid blue 
points) many-body approaches.


