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® Constraints on the nuclear EoS:
*maximum neutron-star mass
“*baryon mass vs. gravitational mass
*mass-radius relation
s*particle flow in heavy-ion collisions

® Making RMF model flexible

® Hyperon puzzle



T @ L

o : - G g -
- g .Neutron Star Zoo - ;.

* g

| >1400 neutron stars in isolated rotation-powered pulsars
~ 30 millisecond pulsars

>100 neutron stars in accretion-powered X-ray binaries
~ 50 x-ray pulsar
intense X-ray bursters (thermonuclear flashes)

short gamma-ray bursts
neutron star -- neutron star,
neutron star -- black-hole mergers

soft gamma-ray repeaters — magnetars
(super-strong magnetic fields)




Meas’uri'nq pulsar mass

direction of observation

sl
, . -
) _ L oo
ml . ’ g
. : . ’ + i :
» - 3
" Al LA ' Wy > G
. i :

Newton gravity“ — 5 Keplerian orbital parameters:
" orbital period, semi-major.axis length,excentricity, ...

Do not determine individgal masses of stars and the orbital i'nelination.

Einstein gravity —— 5 potentially measurable post-Keplerian parameters:
~orbit precession, Shapiro delay, gravitational redshift, ...

Measurement of any 2 post- Keplerlan parameters allows to determine the mass
of each star.



White dwarf -- neutron star binaries

B2303+46 (31) L
J1012+5307 (50) ]
J1713+0747 (51) ®
B1802-07 (31) ] In NGC 6539
B1855+09 (52) ]
J0621+1002 (53) ®
J0751+1807 (53) L
J0437-4715 (54) L
J1141-6545 (55) L
J1748-24461 (56) ] ] InTer 5
J1748-2446) (56) ]
J1909-3744 (57) ® . 2,95 ms pulsar
J0024-7204H (56) & . In 47 Tuc
B1802-2124 (58) L
JO51-4002A (56) @, InNGC 1851
B1516+02B (59) o In M5
J1748-2021B (60) In NGC 6440 ®
J1750-37A (60) ® In NGC 6441
J1738+0333 (61) *
B1911-5958A (62) L In NGC 6752
J1614-2230(63) L —
J2043+1711 (64) L
J1910+1256 (28) L
J2106+1948 (28) L
J1853+1303 (28) °
J1045-4509 (31) ' ]
J1804-2718(31) ®
J2019+2425 (65) °
I | | | | | | | | | | | | | | I | | | | I | | | | I | | | |
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Lattimer ARNPS62 (2012) Neutron star mass (M)



Measuring pulsar mass

X-ray binaries

4 [13Ss
4U1700-37 (32)
Vela X-1 (33)
Cyg X-2 (34)

4U 1538-52 (33)
SMC X-1 (33)
LMC X-4 (33)
Cen X-3 (33)

Her X-1(33)
XTEJ2123-058 (35)
250921-630 (36)
4U 1822-371 (37)
EXO 1722-363 (38)
B1957+20(39)
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A Low Mass X-Ray Binary: 4l 1820-30

X-Ray Emission: BURSTS

|<— 130,000 km —>| 0 seconds 30

White

Dwarf 8§ - 4
T— " Accretion
Disk

Neutron Star

\‘ 1,200 km/sec

Black widow pulsar

Neutron star mass (M)

Accretion disk

Pulsar magnetosphere
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- Measuring pulsar mass

Double neutron star binaries

1974 6 -Hulse-Taylor. pulsar .

First precise test of E'i"'nstein gravitationlthéory,
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2003 ,_ 39 first dduble_ pulsar
" 1975 1980 1985 1990

Year

Pulsa_r A: PR=22.7 ms, MA)=1.338 Mg,
Pulsar B: P®)=2.77 ms, MA)=1 - 71 Mg
Orbiting period 2.5 hours -

- [Nature 426, 531 (2003), Science 303, 1153 (2004)]



Double neutron star binaries

J1829+2456 (42) ®

| J1829+2456 comp. (42) L
J1811-1736(43) ®
J1811-1736 comp. (43) L
11906+0746 (44) -
11906+0746 comp. (44) L
J1518+4904 (27) ®
J1518+4904 comp. (27) ¢
B1534+12 (45) ®
B1534+12 comp. (45) ®
B1913+16 (46) ]
B1913+16 comp. (46) ® Hulse-Taylor binary
B2127+11C(47) ]
B2127+11C comp. (47) ® | In M15
JOT737-32039A (48) *
JOT737-32039B (48) ® Double pulsar
J1756-2251(49) ]
J1756-2251 comp. (49) [
J1807-25008B (29) ¢
J11807-2500B comp. 7 (29) ® In NGC 6544

| | | T I | | | | I | | | | I | | | | I | | | | I | | | | I_
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Neutron star mass (M)




Pulsar J03448+0432

M = (2:01 +0.04 W

Antonadis et al., Science 340,448

Pulsar J1614-2230

Measured Shapiro delay with high precision

Time signal is getting delayed =
when passing near massive object.

M = (1.97 £ 0.04) M, °
P.Demorest et al., Nature 467, 1081-1083 (2010)

there are heavier, but far less precisely
measured candidates



~ Gravitational mass -- baryon number constraint

first double pulsar system J0737-3039

Pulsar A: PW=22.7 ms, MAW=1.338 M,
Pulsar B: P(®)=2.77 ms, M®=1 24« 01 My
Orbiting period 2.5 hours prisige

[Nature 426, 531 (2003), Sciehce 303, 1153 (2004)]

"
. .

progenitor ONeMg white dwarf, | :
driven hydrodyn. unstable by e— captures on Mg & Ne; -
S [P_odsiadlowski etal., MNRAS 361, 1243 (2005)]

~ observed NSs gravitational mass (remnant star):

~ critical béryon mass of progenitor white dwarf:

assume no mass-loss during collapse...



Mass-radius relation

BPA: Bayesian probability analysis [Lattimer,Steiner ...]
msp PSRJ0437-4715: 3c confidence Bogdanov ApJ 762, 96 (2013)



Given:

EoS

[neutrino production]

Mass of NS

Cooling curve

Netitron star.cooling data’

Crab
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Neutrino emission reactions

T < T  ~ 101 10° Mey heutron star is transparent for neutrino
opac

¢/ n-nucleon reaction

- B N

OV E = —L \ ~—-__\~\_, 1 / 1 reaction r

2 —7 —=* emissivity

C, - specific heat, L - luminosity //vv
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standgrd: modified Urca
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p =, starts at some critical density, i.e. in stars with M>MPV

crit



Neutron Star Cooling Scenario

LOg(ﬂurface / K)

T T — W T T T T T T
standard scenario (MU+pairing) 6.4 - '\\\ MPU -
only "slow” cooling can be described - i\

'\ \ RXJ0822-43
6.2 |- v 4
| X\
will be too cold 6.0 N 0656+14
MDY 0.1 M, \ .
0.8 - 1863-87]
DU process schould be ,exotics” - \ (0
” 2 .
(f DU starts it is dificult o stop ity | FOQUMe NV
0 1 2 3 4 5 6 7
MBPY 213 Mo, nPl 2 4ng Log(Age/ Year)

[Blaschke, Grigorian, Voskresensky A&A 424 (2004) 979]

EoS should produce a large DU threshold in NS matter !
[EEK, Voskresensky NPA759 (2005) 373]
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Cross section of a neutron star

Nuclei and electrons
outer core Neutron-rich nuclei and electrons
Nuclel, electrons and neutrons

neutrons, protons,

electrons, muons

Exotics:

hyperons,
meson-condensates,
quark matter
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Nucleus melting &
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Pasta structure 0.1

interplay of Coulomb energy
and surface tension
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Inverted p;asta (bubbles)
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Tolman-Oppenheimer-Volkov equation

Equilibrium condition for a shell in a non-rotating neutron star

Sa(r)dp = dFy Newton’s Law
dr

Arridp =G ]\/I(T)Qd]\/[ dM = 4mwr’e(p)dr
,
| | N - Jp=pn)
INPUT: equation of state (EoS) e=¢g(p) o e = &(n)

boundary conditions: e(r=0)=¢., M(r=0)=0,P(r=R)=0

OUTPUT: neutron star density profile, radius R and mass M

relativistic corrections

dp __GeM pN ([, dnPre 2GM
_ = — 1 _{) 1 : 1 — {
dr r? ( N £ c? ( Y c? ) ( cr )




neutron star mass

Neutron star configuration

stable

limitting mass.

\

unstable ||

central density

M[M_]
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— FPS crust
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8I10I12.14.16
R [km]

uncertainty in R~103m
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Ab inito calculations of the EoS starting from NN potential

variational chain-summati auxiliary field diffusion Monte Carlo technique
26— 3 . . i . .
24 ¢ L - — — - PNM, DD6’ 1
22t AtUIX - 2 5 sl === PNM.AVG' .
00 ) - N R T PNM. AV’ +UIX

' W//////W////// - ol : e (3-¢ quilibrium, n+p+e+
16 -
1.4 - <0 I -
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1.2 — E I
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0.2 f E e e h, ~ i e
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0. 0. 0.6 0.8 0 6 g 10 > (4 16 18 20
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[Akmal, Pandharipande, Ravenhau rMUU0(J0) 10U+

[Gandolfi et al PRC 79, 054005 (2009)]
non-relativistic EoS!



Relativistic mean-field models

nucleon-nucleon interaction

vacuum: one boson-exchange for NN-potential
+ Lippmann-Schwinger equations

a model

— Z \ |:?’ (é+zgd\®'+zgp\“Ti))i| - (m_gUNO-)]

N
i ; (B 05 —m20%) — U(o)
sc.;rlal'
— éww wh” + ;m Wy, ’J ip#,, P+ = : 5 P p“:
vector iso-vector

medium: mean-field approximation

Z ga,w,p ~ ;O'?Lu‘”/_)

nucleons

Q\\\j},

| fectﬂr -Mmeson
Fr exchange
1

—!~1me
!

= One-pion

exchange

v patential
— Scalor- meson

exchange

o(r,t) =

wy(r,t) = 0,0 wo

constant fields

[Serot, Waleckal] pion dynamics falls out completely in this approx.



nucleon spectrum in MF approximation

::‘} *
En(p) = \/ my + 0% + gunwo + gon IN po3 My — MmN — GoN O

Enerqy-density functional

2 2 | )2 ’ )2
; m_o A oMy +1)° o (T — Ny,
En,, n,, o] = ——+ U(o) —I—(."E.{ ,)‘“) + ( f[ _1 1);)
‘ 2 | Y 2ms P 8m3
PF.N )
" dpp ~ ,
+ Z / ’I_‘; \/[m_,y — GoN f:r_)'2 + p?
Nono
OE|ny, ny, 0|
evaluated for ¢ field followed from the equation 5o =0
2 9‘2]\7 m?\f
— 1 :
Paremeters C} = - are adjusted to no ~ 0.16 =+ 0.015 fin
properties of nuclear matter at saturation Eyina =~ —15.6 £0.6 MeV
miy(po) >~ (0.75£0.1) my
If we add gradient terms this energy density K~ 24040 MeV
functional can be used for sy~ 32+=4 MeV

a description of properties of atomic nuclei.



K =553 MeV, miy(ng) = 0.54my 0.90

3

M/M

(pure) Walecka model U(c)=0 modified Walecka U(c)=ac3+bs*

ng = 0.16fm ™, Eping = —16 MeV

1

non-linear Walecka model (NLW)

maximal mass of NS

E———
—1.4

30 T | T | ! | ! 1

2.5

2.0

m,(n,y/m

1.0 | 0.70 | * — |
: i 2.4 — |
0-5 0_65 ] 1 ] 1 | L
200 250 300 350 400

0.0 L - - - -
o 2 4 6 8 10

Hardest EoS among all RMF models

K [MeV]

weak dependence on K'!
strong dependence on m*



Nuclear EoS: I Examples for illustrations

Relativistic Mean Field Models

T. Gaitanos, M. Di Toro, S. Typel, V. Baran,

NLp, NLpd C. Fuchs, V. Greco, H.H. Wolter
scalar-field dependent couplings [Nucl. Phys. A 732, 24 (2004)]
KVR, KVOR E.E. Kolomeitsev, D.N.Voskresensky

reduction of hadron masses in dense medium is included

density dependent couplings [Nucl. Phys. A 759, 373 (2005)]

DD, D3C, DD-F  S. Typel [Phys. Rev. C 71, 064301 (2005) |

Dirac- Bruekner-Hartree-Fock

DBHF E.N.E. van Dalen, C. Fuchs, A. Faessler

[Klaehn et al., PRC 74 (2006) 035802.]



HIC
ab initio

atomic
nuclei

Urbana
Argonne

EoS at saturation

E(n,B) = Ey(n) + 8%2Es(n) may + &e> — £+ ..+ 82 (J + Ze+ ..
£= {1 — Wanz L/ 1 g = (nn_np)/(nn+np)
Naat K K’ J L mp/m
fm—3] [M@Y] [MeV] [MeV] [MeV] [MeV]
NLp T459 203.3 603
NLpd 0.1459 16.062 203.3 576 0.603
DBHF ||[|§0.1779 isospin diffusion in H 0.684
DD 1487 62 MeV <L<107 M 0.565
D3¢ \lb.1510 B.A. Li, AW. Steiner 1.9 ||59.3 |p.s5a1
nucl-th/0511064
KVR 0.1600 ] | t -800
ingle n n spectra
KVOR 0.1600 sihgle hucieon Spe D.800
DD-F 0.1469 4 16.024 757.8 31.6 56.0 ).556
I
similar similar

l within empirical range .




400 | Eo T
Isospin symmetrical matter _:?"__-—-
' | ———
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NLp
NLpo .
DBHF (Bonn A)
DD
D’C :
KVR ¥,
KVOR P -
DD-F

'~

~neutron matter

1 1 I 1 1 I
03 0.6 09
n [fm”]

[Klaehn et al., PRC 74 (2006) 035802.]
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v constraints from heavy-ion collisions

103:I T | T T T T l T T T T | T T T T I T T
2
SIF
é [
-
g extrapolated
- -—--- NLp, NLpd
= 10 —— DBHF (Bonn A)
TN ¥ /5 AR RS DD
e D3C
~—-— KVR
[ ——— KVOR
}_ ---- DD-F
100 il 1 l 1 1 1 L L 1 1 1 J. 1 1 L 1 I A1 L
0.2 0.4 0.6 0.8
n [fm”]

[Klaehn et al., PRC 74 (2006) 035802.]

v maximum mass constraints

2.5 T
B =X S
T T X %
I /",/'// i. |
‘E Al = e
- e I T e oo TR (O
s ™
1.5 iy !
Fias typical i
il s neutron stars | NLp !
I /! v == NLp& i
—— DBHF (Bonn A)| -
----- DD ]
7 L
s 1
0.5 R — .
Only nucleons! |-—- gvor g
I e [ -FF .
P S N (00 SN SO (S T N GRS, (N GRS S, (NS R U | [ T SR
%.2 0.4 0.6 0.8 1 13

n(r=0) [fm”]

Dots indicate star masses and
corresponding central densities, at which
direct Urca reaction starts.



v maximal NS mass constraint

[Klaehn et al., PRC 74 (2006) 035802.]

v baryon vs. gravitational mass

T I T T
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| -
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1.23 A 1% M, lost
Pad G j | ! | 1 |
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v
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Making RMF EoS flexible

**Non-linear Walecka model:
Play with a scalar-field potential

*Scaling of meson masses and coupling constants



The standard non-linear Walecka (NLW) model

L=y [(@ Oy — Guwy — gptp“) v* —my + g,0| YN nucleons

4 %[(%JV —m2o?| = U(o) scalar field
1

v 1,...2
— Fww™ + 5m

e

Ulo) = $mn(gono)’ + £(gono)*

0.70

0.65

200 25 300 350

2_
w

%Puvp WYy %mi (pM)Q vector fields

Input parameters

— maximum NS mass ———,

e mE —_——
e —————
amm - —-—
mmm=t __—----
— == amanm®
—m = emme
e

...............

K(n,) [MeV]

no — 0.16 fm >, £ — —16 MeV, K — 250 MeV
Esym = 30 MeV, m3(ng)/my = 0.8

—— Moax = 1.92 Mg,

For better description of atomic nuclei one

Includes no-linear terms Wfia wﬁp?/

— softening of EoS and M_, reduction

Maximum mass strongly depends on m*(n,)
and weakly on K.



1.0

K.A. Maslov et al., PRD92 (2015) 052801(R)
1 If we modify the scalar potential U(o) = Ulo) + AU (o)

0.8}
- I ] so that the m*(n) levels off then the EoS stiffens
E df 2(Ong/On)
£ o4 dn 3Oy 4 U7(f)/my —2(0ns/01)
0.2} f = g,0/mp ng — scalar density
L . PrF
02 T4 e TR _9ns f mypdp/7”
nin, o 2/pE+my of ) WP+ mi)
0
120 ————— —
- : NLWcut model
e :
S 80- ; softcore: AU(f) = aln|l + exp(B(f — fs.core))]
G E
= [ = NW 24
= o- - c¢c=04 hard core: AU (f) = |6 f/(fu.core — f)]
D [ 0—-—¢=03 ;
= OF o..... ¢ =02 5
m SR ; -
® [f{(n),UGn)] — 1 —
000 [fE:;,UEfg:;] f s.core f o+ Ccr( f O)
, 1210,

0 , L L L
0.0 02 o4 0.6 mi(ng) = my (1 — fo)



P [MeV/fm>]
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EEK and D.Voskresensky NPA 759 (2005) 373

e in standard RMF model m,, m,,, and m, do not change

Can the in-medium modification (decrease) of meson masses
be included in an RMF model??

e Song, Brown, Min, Rho (1997) m;, /m, ~ m},/m, ~ m}/m, = &(n)

Lattice QCD (SC-QCD): common drop of meson masses
[Ohnishi Miura Kawamoto Mod.Phys.Lett A23, 2459]

*

p
results in 2ncrease of p an w Mmasses

e decreasing functions of o: m (o), m* (o) «— self-consistent o field

e o field dependent masses and couplings constant

=== K\V/OR E0S successfully tested in Klaehn at al., PRC74 (2006) 035802

Aim: Construct a better parameterization which satisfies new constraints on the nuclear EoS
Inclusion of hyperons. “Hyperon puzzle”.
Increase of hyperon-hyperon repulsion due to phi-meson exchange (phi-mass reduction)



Generalized RMF Model
Nucleon and meson Lagrangians
Ly = Uy (Z D - ’}’) Uy —my Py Uy Uy,

. 1
D[I. = 8;1. T 2 G XwWy T+ ,_?gp XpPuT

Moo, o ,m? o?
I =9 .
[,_,.-11 = T—(bg (; —U(O’)
: . 2 1
_w}.a‘-l/ wh” + (1)2 ma c,u,,__wl-f- o PP H 4 (I)'Z mp P u.p .
4 “ 2 4 . 2 ’

y _ _ - ! !/
w,_,__;/ - J./w;.f. o 81_,__0.);/ ) p;{.}/ — I/pp. o aﬂ,py + gp X{) [p“. X p,'_/] )

effective masses: m;‘ / m; = q%‘(XaU >



Energy-density functional

B € SU(3) ground state multiplet scalar field f = g, xo 0/my

Elf,{ng}| = ZEkin (pF,B;mB(I)B(f)) + Z Fyin(pr g, my)

l—e,u
m4 2 1 0252 0252 szﬁz
+NJ;?70_(JC)+ 2|:wB+ PI+¢‘S:|j
207 2miy Lnw(f)  n(f)  ne(f)

effective densities: ﬁB—E TwBNB ﬁf—§ x,ptspng 1S — E ToHNH
H

B B
with coupling constant ratios  Tw(p)B — % LoH — ;%i
mass scaling: scaling functions
Pn(f) 2 On(f) = 1—f n_i_(f):q)g(f), i=0,w,p
Pu(f) =1—zon Xonl %)

2
The standard sigma potential can be introduced as na(f) — 1 + 240;2 U(f)
my




KVORcut model Apply cut-scheme to n,, function

nEVOR() = EYOR() + 2[4 tanh(bu (f = feur))]

1.0 2.5 . .
10%p ISM (b) _J [ 3T (0
; - I P S T TELT L 4
0.8 L [ [ flow in HIC 20
2 0.6 E 10% . 1.5}
£ S | 2
. = [i}] 3
= 04 e 2| 1.0f
KVOR ootk . KVOR .
KVORcut04 — — — i [ f ! KVORCUI04 === e = ]
0.2 KVORCULD3  rrmmsmmssnsmns . 0.5} / KVORCUIDR  sessssssnsanes i
KVORcut02 == === _ ' KVORcUt02 == === ]
0.0 MKVOR = = — . v MKVOR = o e ]
. L L L L L L L L L . . I . . . 10 . . . . . . . . . . L L 00 L L L
0 2 4 6 8 0 2 4 6 8 2 4 6 8

n/ng n/ng ncen/n[}



C,2 C.2 C2 and parameters of n, are fitted to reproduce

Eo no K my(ng) Jo L K’ Keym
Fiob [MeV| [fm™3] [MeV] ] (MeV| [MeV| |[MeV| |MeV]
KVOR —16 0.16 275 0.80H 32 71 423 15

MKVOR —16 0.16 240 0.73 30 11 557 -159

scaling functions for coupling constants vs scalar field:

2 v T y T v T T T T 1.5 T T T T T T T T T v T v T y T v T T
i

n () saturate f growth
I i

p

0.5} .

——MKVOR - —— MKVOR?

——-KVOR ——-KVOR

0 . L 1 L 1 0 L 1 L 1 N 1 L 1 L
00 02 04 06 08 10°%0 02 04 06 08 1000 02 04 06 08 1.0

f increasefw repulsion suppress symnietry energy
to stiffen EoS DU constraint



f(n)

Scalar field in dense matter

1.0 — T |

- BEM

n/n




Scalar and vector potentials in KVOR and MKVOR models vs. DBHF calculations

1000 ——— -
500
o’ KVOR

D0 MKVOR
= DBHF BM |
DBHF KS

o> '
_500l = -
500 .\E\.E. e o _
Scalar \EI'-D..___E_L .

~1000
0.00 0.25 0.50 0.75 1.00

n [fm™]

BM: Brockmann — Machleidt
PRC42 (1990)

KS: Katayama-Saito
PRC88 (2013)



Neutron matter EoS

~ 71 empirical constraints on symmetry energy

-- (AlS) analog isobar states

[Danielewicz, Lee NPA 922 (2014) 1]

-- ap electric dipole polarizability 2°5Pb
[Zhang, Chen 1504.01077]

microscopic calculations

60 T T T
AlS
Y a. **Pb
Sl o, P ”
q) 40 — 7 -
7
= P
G
£
qu 20 = / =
7/
= = KVOR
— MKVOR
O 1 1 1 1
0.0 0.5 1.0 1.5 2.0
n/n.
20 . . ‘
I KVOR PNM
I o
I ] S
S I
[4b)
=,
EZ 10}
c | o
T " (D XEFT
O L L L L | L L L L | L L L L | n L L L
0 0.25 0.5 0.75 1

n/ng

- (APR)

--(xEFT)

Akmal, Pandharipande, Ravenhall
-- (AFDMC) Gandolfi et al. MNRAS 404 (2010) L35
Hebeler, Schwenk EPJA 50 (2014) 11

w2

P [MeV/fm]
N

4

Nn/ng



Constraints on EoS from HICs

Particle flow: Danielewicz, Lacey and Lynch, Science 298 (2002) 1592

Kaon production: Fuchs, Prog. Part. Nucl. Phys. 56 (2006) 1

10° ——— _
FISM PNM :
E
-
% - = KVOR — — KVOR
= i e MKVOR MKVOR
o 19 _ flow in HIC flow in HIC E
" kaonsin HIC soft E,__
- o- GMR stiff E__
10° J o



Gravitational vs baryon mass of PSR J0737-3039(B)

PSR J0737-3039(B): double pulsar system 1. Podsiadlowski et al., MNRAS 361 (2005) 1243
2. Kitaura et al., A&A 450 (2006) 345

— possible mass loss in explosion

| Y - T T T7
1.27F = = KVOR /
. = MKVOR
1.26 |
® R
S 125}
(D =
= - /
124 | sensitive to proton concentration Y,
| the smaller Y, - the better;
I / smaller L are preferred.
1.23 | / 1 Lor =71 MeV
- 7 L o, Lykvor=41 MeV
1.32 1.34 1.36 1.38
BPS crust is included MB/M@Crust matching, see talk by C. Providencia
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Hyperon puzzle

various RMF models

2.6

T~

1.4

K =300 MeV
K =275 MeV
K =250 MeV
K =225 MeV
K =200 MeW
Nucleomc Stars
Hyperon Stars

hyperonic stars__ -_-{_;_m_*. —

0.55

[Weissenborn et al., NPA 881 (2012) 62]



Inclusion of hyperons

1) standard. extension: H Vector coupling constants from SU(6) symmetry:

JuA — g — QQwE — %ng 3 ng — 29,05 — 29pN 3
2v/2

2068 = 205, = o= — —2220uN . gpr — gon = 0.
_ o _ data on hypernuclei
Scalar coupling constants from hyperon binding energies X (ng) — —28MeV

gbll’ld( ) — Of;m]_VQZUanO — (mN — m*N(ng))xaH gbind(no) — +30MeV

gEin nog) = —15MeV
ﬂjw(p)B — gw(p)B/.gLO(p)N b d( 0)

2) +phi mesons. extension: H¢

(1)2
Po=1—fo Xen =1 =3 =(1-f)

Phi meson mediated repulsion among hyperons is enhanced

3) + hyperon-sigma couplings reduced. extension: Hpo (I)H(f) =1 —won E—ggon

&H (n < no) — 1 but &H (n 2 nA) — 0 QMC model: Guichon, Thomas
hyperon-nucleon mass gap grows with density



Strangeness concentration

T——n —— MKVORHo
= <= = MKVORH¢o
- -

3
i I

n/n

KVORH: n,=2.81n,, M,=1.37M MKVORH¢: n,=2.63n,, M,=1.43M

sol’

sol’

n.=3.13n, M_=1.48 M_, n_=2.93n,, M_=1.65M_,
KVOR: ny,;=3.96 Mp,=1.77 M, MKVORH¢o: n.=3.61n,, M_=2.07M__,

fulfill DU constraint no Lambdas!



M/Mg

Maximum NS mass and the strangeness concentration

fS —# strange quarks / # all quarks

2.5—

0.5

0.0l

0 :/0.92%

2.0f
15

1.0

KVORH == = = -
KVORHp =
KVORHpo = = ==

5%

2 4 6
ncen/no

8

M/Mg

Weissenborn, Chatterjee Schafner-Bielich

2.5—

0.0l

2.0f
1.5
1.0}

0.5f

MKVOR
MKVORH
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4 6
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Mass-radius constraints

' J0437-4715 R 86
i o“ /

2.5

M/M,,

0.5 || e MKVORH}o
= = = MKVORH¢
[ | = = KVORH

0.0 ] 1 ] 1 ] 1 ] 1
6 8 10 12 14 16
R [km]

BPA: Bayesian probability analysis [Lattimer,Steiner ...]

msp PSRJ0437-4715: 3c confidence Bogdanov Apd 762, 96 (2013)



Compact stars do provide some constraints on the nuclear EoS

RMF model with with scaled meson masses and coupling constants

v'Universal scaling of hadron masses. Not universal scaling of coupling constants

v'The model is flexible enough to satisfy many astrophysical constraints,
constraints from HIC and microscopic calculations.

\/Hyperon puzzle can be partially resolved if
the reduction of phi meson mass is taken into account



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49

