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Motivation

» How do compact star properties depend on the esym?
» strangeness content?
» onset of the of strangeness?
» the mass-radius curve of hyperonic stars?
» Which constraints on hyperon content are set by the recent
measurement
PSR J1614-2230: 1.97 + 0.04Mg (Demorest et al (2010))
PSR J0348+0432: 2.014+0.04 M, (Antoniadis et al (2013))?

» Do 2 My compact stars exclude strangeness from compact
stars?




Hyperon content and L
Hyperon content depends on:
» hyperon-meson interaction
» properties of nucleonic EOS

example: effect of esym(p)
(L(IUFSU)= 47.2 MeV, L(set 7)=99.2 MeV)
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Equation of state




Correlation between J, L and Kgym

S (MeV)

Fitting of parameters to proper-
ties of nuclei:

of = €sym: Crossing at ~ 0.12 fm=3
L: tendency to cross at ~ p/3pg

L (MeV)

Kam (MeV)
Koym (MeV)

(Ducoin et al PRC83)



EOS

RMF Lagrangian for stellar matter

» Lagrangian density

ENLWM = Z ﬁB + ﬁmesons + £I7

B=Dbaryons

» Nucleon contribution: £g = 1g [7,Df — M] ¥,
Dg = iOt — gupwh — 9%87- b — gyt
Mg = Mg — 9,80 — 950"

» Meson contribution

ﬁmesons = ﬁD’ + »Cw + ﬁp + »Ca'* + £¢ + Enon—linear

» Lepton contribution: £, =3, Uy [yuior —m]




RMF: modeling the EOS and symmetry energy

> Lnon—linear

1 1
Emo- = —gk(fs — ﬁ)\o'4
1
Lo = 27605 (wue)?
Enlpw = /\vggﬁu'ﬁugfjwuwu

ﬁnlpa = /\Jggﬁu,ﬁu9502




RMF: modeling the EOS

P (MeV/im™)

» yellow: constraints from flow of matter in nuclear collisions
(Danielewicz 2002)



RMF: Non Linear Terms

esym and L

» w—pando — pterms
» affect the density dependence of the symmetry energy
(Horowitz& Piekerawicz 2001, Carriere et al 2003)
> w—pterm
» FSU parametrization(Todd-Rutel & Piekerawicz2005)

» constrained by ISGMR and IVGDR of 2%Pb and *°zr
» EOS too soft at large densities (Mmax ~ 1.6Mg)

» |U-FSU parametrization(Fattoyev et al PRC82)
» similar esym as FSU, harder EOS at high densities




RMF: symmetry energy
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RMF: symmetry energy

p—wVersus p — o
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RMF: symmetry energy

p—wVersus p — o
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Including Hyperons




Meson Field Equations with Octet of Baryons

> o meson
Kk 2
o —=—50 3+
0 2m(27 0~ m2 Og gg sB PsB»
> w meson
ZXVB PB;
w,eff

2 _ g 4 2 2A b

mw eff — m + gww0+ wgwgp 0
> pmeson

ZXpB t38 1B,

p7eff B

2 2.2 2
mp7ef‘f = mp + 2/\wgwgpw0




Effect of L on fields strength
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Hyperon-meson interaction

» SET B: X, = 0.8 (Glendenning & Mozskowski 1991)
» Accurately extrapolated value of the A hyperon binding in
saturated nuclear matter

VA = —28 = Xua Vo, — Xon Vo

» neutron stars masses — Xp, < 0.9
> Xz = Xip = Xiz, i=o0,wp
» Quark meson coupling model
» baryon effective mass: selfconsistently calculated bag

energy
» w-meson coupling from binding of hyperons to nuclear

matter
Vj = Xuj V, + Mj* — Mj




Hyperon-meson interaction

» Hypernuclei binging energy (SET A)
» w and p-hyperon couplings: SU(6) symmetry

1o -1, g -1
Zgw/\ — Zng = 0wz = 3ng
» o-hyperon couplings: hypernuclei binding energies in SNM

Vj = Xuwj V, — Xoj V,

Vp=-28MeV , Vs =30MeV , V== —18 MeV.

» AGS EB885 collaboration (2000): K~ +12C — K+ +1? Be

» “results are consistent with the theoretical predictions
when a potential depth V= of 14 MeV or less is assumed”

» We will test the effect of changing Vy and V=




Hyperon-strange meson interaction

v

Couplings ¢,0*-nucleons
> g¢N = gO'*N = O
Couplings ¢-hyperons (su(6))
> 204 = 204y = Q= = _Zgﬂng
Couplings o*-baryons: two options
» weak attractive YY interaction
» recent work of Gal and Millener (PLB2011) suggest AA is
only slightly attractive:
excess binding of 2A: AB(3,He) = 0.67 +0.17MeV
» we consider g,«g =0
We will also relax su(6) constraint (Weissenborn et al PRC85
2012)
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Particle fractions
Effect of the hyperon-meson interaction, Cavagnoli PRC84,065810
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Chemical equilibrium

Hyperon content and hyperon-meson interaction
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Chemical equilibrium
Vp = —-28, Vy =30, V= = —18 MeV, L = 55 and 110 MeV
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» hyperon onset: ug = Mg + gusVo + 9,8t8D0 = 11n — OB e
» Small L favors negatively charged hyperons




Onset of strangeness
Effect of L
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Testing hyperon-meson couplings

» nucleonic EOS: TM1 parametrization and modified
versions
» TM1 with L = 110 MeV,
» TMlwp term with L = 55 MeV
» TM1-(2) with a reduction of 33% of the strength of the
vector quartic term
» all versions satisfy constraints from nuclear matter flow in
HI collisions
» hyperonic interactions
» fix Vo = —28 MeV, Vg = 30 MeV
vary V=
include o* and ¢, weak coupling
include only ¢

vV vy




Hyperon fraction
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» Smaller L — smaller hyperon fraction for a given density
» the strange meson reduces the strangeness fraction
» an harder EOS (TM1-2): larger strangeness fraction




Electron fraction
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» Smaller L — smaller electron fraction — larger v fraction in
neutrino trapped matter.

» strong influence of hyperon interaction




Compact stars; mass
versus radius




Maximum mass stars
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Maximum mass stars
no hyperons, TM1-2, L=111 MeV
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Radius of maximum mass stars
Upr = —28 MeV, Uy = 30 MeV
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—28 MeV, Up = 30 MeV

UN5=0 MeV
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Maximum mass stars
Up=-28MeV,gy, =0,0,- =0

UNs=430 MeV
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Maximum mass stars
including meson-¢: Uy = —28 MeV, g4 = go(su(6)), go« =0
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Maximum mass stars

beyond su(6), Un = —28 MeV, g, = 2g4(su(6)), gox =

Mg (M)
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Radius versus strangeness
Star with M=1.67 Mg

167M,,

L=111MeV @

R (km)

slope(L = 110)=-10.72 £0.0719% km
L = 75, slope(Ay)=-10.2132 £0.2348% km, slope(A,)=-10.4567 £0.4225% km

L = 50, slope(Ay)=-10.1327 £0.1586% km, slope(A)=-10.1152 £0.1694% km




Radius versus strangeness
Star with M=1.75 Mg

E
2
~
0 001 002 003 004 005 006 007 008 009
NS/NB
1.60 M,
142 L=1l11MeV o |
L=T5MeV v
14+ L=SOMeV o
E
=
o

Ns/Ng

R (km)

R (km)

001 002 003 004 005
Ng/Ng

0.06 007 008 009

R(111)=-14.4Ng/Ny+143

R(50.A)=-104Ng/N+137

0.005 0.01 0.015
Ng/Ng

0.02




Hyperons in compact stars

» Strangeness content in compact stars

>

>

smaller for a smaller L if Us repulsive, or ¢ present and no
ox (first onset of A)
larger for a smaller L otherwise (first onset of ¥ ™)

» Mass/radius properties of compact stars

>

sensitive to the high density dependence of the EOS and
the hyperon interaction

» R is clearly correlated with L
» smaller radius for a smaller L,

larger differences for Uy attractive, inclusion of ¢ + o*
— can be as high as 2 km (with ¢*), 1 km (no ¢, c*)
— larger with w — p term

» uncertainty in Upyperon (U=, Us, and o™, ¢)) : < 0.6 Mg

» R is correlated with the strangeness fraction
» 2Mg stars: do not exclude hyperons taking into account

our lack of knowledge on the EOS at high densities and
hyperon interaction




Metastable hadronic stars

» How does the symmetry energy affect the evolution of a
metastable hadronic star?

Nucleonic EOS+ su(3) NJL for quark matter

Total pressure quark matter

p=p(NJL)+2Gy > n?—po—B"

i=u,d,s

vy

v

vector term, extra effective bag parameter
» B* — defines hadron-quark phase transition
(Plagiara&Schaffner-Bielich2008)

» with vector contribuition — stiffer quark EOS
Nucleation
» The Gibbs conditions are imposed

» central pressure P > Pg: hadronic phase is metastable
— stable quark matter as result of a nucleation process

v

> Free energy difference: system with/without quark matter droplet

4
U(R) = gmNo- (1ig- — ) R? + 4o R?




Star evolution
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» Final configuration is not a blackhole if

» Gy is strong enough: stiff quark EOS
» B* allows a hadron-quark phase transition a low enough p

» if B* > —49.2 MeV/fm3: transition to BH




Effect of the strangeness

» B* — —39.46 <Merm3)

Model o Po  M(Po) Mo M MPS
(MeY) (M) (Mo) (M) (Mo) (Mo)

TM1-2

N 25 35.93 131 194 195 1.97

N 30 204 BH 1.97

NY (L=55) 13 2496 1092 190 189 1.90

NY (L=110) 115 1416 0925 1.83 1.82 1.90

» Not all stable hybrid stars are populated after nucleation!

» smaller L — nucleation at larger p, allows larger hybrid
stars.




Compact stars: kaon
condensation




Kaons in stellar matter

» Kaplan and Nelson (PLB15,57 1986) suggested that the
interaction of the K~ with the nuclear medium reduces its
mass within chiral perturbation theory

» — being a boson it can condense in a zero momentum
state and replace electrons as the neutralizing agent in
charge neutral matter.

» Existence of a kaon condensate has strong implications in
star properties which could be observed: stronger neutrino
fluxes, or late low mass blackhole formation.




Including kaons in RMF EOS

» Kaon effective lagrangian density
(Glendenning&Schéaffner99)

Ly =D, K*D'K — mgK*K,
. 1 S *
D, = 0, +igukwy + |§ng T-b,. Mg =mg —g,ko
» Let K = fc e'F! in equation of motion
(0"Dy + mZ) K =0
» get dispersion relation for the kaons

* 2

1
Wk = =M™ — GukwWo — 59K bos.




RMF EOS with kaons: parameters

» mass: vacuum mass 497 MeV
» meson-kaon couplings:

» Vector mesons coupling: simple quark model and isopsin
counting rules

1
Juk = ggw 9ok =09

» Scalar coupling: from optical potential of kaon in symmetric
nuclear matter

Vi = Mg — gukwo — MK = —0oKk 0 — Juk Wo
» Kaonic atom data (see Gal, PTP sup. 186(2010))

Vg (p =0) = —(50 — 200)MeV,
» Vi (po) = —125 MeV, a value suggested by chiral models




Effect of symmetry energy on kaon condensation
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» A smaller L — smaller kaon fraction for a given p
» A smaller L— larger neutrino content




Effect of symmetry energy on kaon condensation

Warm matter with trapped neutrino, S =1and Y, = 0.4
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» The EOS with the smaller L has a smaller kaon and larger
v content

» large L may prevent condensation in hot matter




Effect of symmetry energy on star evolution
QMC
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» Within QMC: smaller L — larger of chance low mass
black-hole formation




Effect of symmetry energy on star evolution

GM1
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» Kaon content is larger within GM1: larger effects




Effect of symmetry energy on kaon condensation
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» The EOS with the smaller L has a larger strangeness

content
» Consequences for stars:

» larger kaon content corresponds to a smaller electron
content — larger neutrino fluxes




Collaborators

v

Daniel Bizarro, Isaac Vidafa (UC)

Aziz Rabhi (Tunes University, Tunisia)

Prafulla K. Panda (C.V. Raman College Eng., India)
Debora Menezes, Rafael Cavagnoli (UFSC, Brazil)

v

v

v




Thank you !
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