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o Hyperon puzzle

A

v Theoretical prediction of hyperons in
NS core: softening of the EoS

v Observation of massive NS: stiff EoS

v Magnitude of the softening: strongly
model dependent

Non trivial many-body problem: very |
dense system, strong interactions
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A Hypernuclear Chart
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binding energies:
nuc : ~ 3340 S| =2
A hyp : ~ 45
AA hyp: 5
Y hyp: (1)
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v Nijmegen & Julich

one meson
exchange model
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v X-EFT

derived from chiral
EFT (NLO)
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v 3-body interaction: Urbana IX & Usmani
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v 3-body interaction: Urbana IX & Usmani
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Diffusion Monte Carlo > realistic hyperon-nucleon interaction

nucleus

comparison with experimental
data in a wide mass range

heavy hypernuclei
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Diffusion Monte Carlo > realistic hyperon-nucleon interaction

nucleus

heavy hypernuclei hyper-nuclear matter
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v Diffusion Monte Carlo
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v Auxiliary Field
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v Auxiliary Field Diffusion Monte Carlo
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v nucleon systems: Argonne V4 & VG like potentials

no 3-body

v neutron systems: Argonne V8 like potentials

plus 3-body

he strange QMC project: the method 23
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nucleus > Foue =
AFDMC
hypernucleus > Enyp =

/ BA — Enuc — Ehyp

Hyp. : nuclear effects cancel at most

information about the hyperon-nucleon interaction
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B, [MeV]
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Hyp. : nuclear effects cancel at most vV

5H 170
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of nucleon-nucleon interaction
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hyper-nuclear matter hyper-neutron matter

energy per
hyperon /7 particle

fraction \ energy

density

Funm = Fanm(py, Ta)
PNM — —>

Eunm = Eunm(Pp, T )

equilibrium  chemical

condition * potentials K (Po, TA) = Hn(Po, T)
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—
hyper-nuclear matter hyper-neutron matter
Faunm = Bunm(ps )
(Pb) . M(R)
EoS Eunm = 5HNM(,0b) | TOV K< Y
Ponm = Panm(ps) \

equilibrium  chemical

condition * potentials K (Po, TA) = Hn(Po, T)
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v pedagogical example: two components Fermi gas

neutrons Po = Prn T PA (o = (1 —xA)ps
+  PA <
lambdas AT PN = TAPY
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has solution!




he strange QMC project: hypermatter

160 |
140 |
120

100

— Fermin

— Fermi n+A

L pi = 0.837 fm 3

35



he strange QMC project: hypermatter 36

v realistic case: interacting particles
Eunm (o, TA) = [EPNM((l —xA)pp) + mn] (1 —xn) n,nn

+ [Ef(fA,Ob) — mA} A+ f(pp,xA) A, nA, MK

Problem: Ilimitationin A due to simulation box

flpp,zp) = AEMc(@Q N,) —>  same volume

cluster PAPn PAPnPn PAPnPnPn
expansion Ob ’ Ob ’ Ob
3-body

2-body
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/ Hn (pbv wA)

equilibrium condition:

uw [GeV]

HA(Pbs TA) = pn (P, TA)

pf\h @ xp—0
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- hypermatter
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AFE = Fanm(py, xa) — Epnni(pp)
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AFE = Fanm(py, xa) — Epnni(pp)
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v Method:

»  development of Quantum Monte Carlo framework for finite and infinite
nuclear systems including strangeness

v Hypernuclel:
» hypernuclei are overbound by a two-body hyperon-nucleon interaction alone

» the inclusion of a three-body force provides the necessary repulsion to
reproduce the ground state physics of medium-heavy hypernuclei

»  the three-body potential refitted on the separation energy of two selected
hypernuclei correctly reproduces the experimental data up to A=91

v Hypermatter: (preliminary)

» very soft EoS and low maximum mass by including a two-body hyperon-
nucleon interaction alone

» important repulsive contribution of the three-body force: chance to reconcile
hyperons appearance and observational limits on neutron star masses



-uture

v Method:
» inclusion of nucleon-nucleon spin-orbit term, three-nucleon force

»  TABC for neutron and hyper-neutron matter

» nuclear and hyper-nuclear matter

v Hypernuclei and hypermatter: need of better interactions

»  projection of the present hyperon-nucleon interaction on isospin channels:
refit of the potential

» use of different potentials, maybe chiral interactions

more experimental data needed

47
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Backup: hyperon-nucleon interaction

v 2-body interaction

1
Uxni = vo(Trai) + ngTﬁ(r,\i) o) O, charge symmetric
v$OP = CL T2 (ry) 7 charge symmetry breaking

v 3-body interaction

27, P 2m,S
UXij = U)x@j T v Azg + v)\%j

2w, P CP
v)\z'j —?{Xi)\,X)\j}Ti'Tj

S ~ ~
Ui;’ :Csz(’l“)\i)Z(T)\j) O'Z'”l"f,;)\O'j 'rj)\Ti'Tj

1
v/\w Wp T2 (ry;) T2 (m])[l + SN (i +0;)
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Backup: hyperon-nucleon interaction

51

CSB effect
Parameters System B B{SE ABSSB
‘H 1.97(11 1.89(9
Set (1) A (11) (9) 0.24(12)
2 He 2.02(10) 2.13(8)
4H 1.07(8 0.95(9
Set (II) A (8) (9) 0.27(13)
4 He 1.07(9) 1.22(9)
AH — 2.04(4
Expt. A (4 0.35(5)
AHe — 2.39(3)

D. L., F. Pederiva, S. Gandolfi, Phys. Rev. C 89, 014314 (2014)



Backup: hyperon-hyperon interaction

3

k _ (k)2
Unpy = E (v(() ) +v§k) o) - O'M) e  F T
k=1

E. Hiyama, et al., Phys. Rev. C 66, 024007 (2002)

double A hypernuclei

52

System E Baa) ABpA
“He -32.67(8) — —
5 He -35.89(12) 3.22(14) —
S He -40.6(3) 7.9(3) | 1.5(4)

1.01 +0.2019-18

ASHe Expt. 7.25+0.191018

D. L., F. Pederiva, S. Gandolfi, Phys. Rev. C 89, 014314 (2014)
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Backup: the method

wT(R7

\

(YR (R, Sy)

1<J

¢K‘,(RH)7 SK,) =A

-\
H Pe (Tis Si)
| i=1

S) =11 £ (rai) oF (R, Sn) 7 (Ra, Sa)
Y}
— Hff'i(mj)q),{(RmS,i)
k= N,A

—det cpe (74, S; }

/ \

S.p. orbitals  plane waves

bilp )i + ciln 1)i +diln 1)
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Backup: the method

55

diagonalization:
A, €eigenvalues

W, eigenvectors

O, =op, Yn

direct calculation



