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Strangeness nuclear physics
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Relativistic many-body theories from quark level

v’ baryons are not point particles!

v’ baryon properties change in medium!

v' quark-gluon plasma!

. many-body method
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Strangeness system with quark model ({¥(()

v Quark meson coupling (QMC) model
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v Friedberg-Lee model
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v Quark mean field (QMF) model
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Properties of hypernuclei and neutron star with QMF model
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Quark level

X. Xing, J.H., and H. Shen, Phys. Rev. C 94 (2016) 044308
* Constituent quark in Dirac equation

—ia -V + Bm; + BU(r)]q:(r) = € q;(T)

where, the effective quark mass is
m; =m; + g.0
and effective single particle energy is
E; =& — gZ} — QZPT?,
* Confinement potential
1

U(r) = 5(1 + v (ar? + V)
* Center- of mass cor'r'ec’rions
B\Zv ij 1+7 DU (ri) —U(pi)l}|B)

14/03/2017 Jinniu Hu



Quark level

T ——

* Pionic self-energy correction
VBB BB

SRS RIS
=Y Wk
* Gluon correction

1 d>3r;d3r; 0o 0a -
Color-electric (AEz), = 8722/ ———— (B} (73) ]} (7)) B)

: 1 Prid’r; - L
Color-magnetic M_ __— v a(=>\ . Jo(.
gnetic (AE)' =~ 33 [ KB - H6)IB)
Quark color current density JF () = gc@q(fb‘)v“ A01hg ()

* Baryon mass
Mp = Ef — €om. + OME + (AEg), + (AER),)
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Baryon level

* Strangeness QMF Lagrangian

Lowr = ¥ [m@“ — My — 9w’ — gop737” — e ¢ ;T3)A7°] W
+Uy [@%(9’“‘ — My — gwy’ + %ao’iﬁiw] Vu
—%(VU)Q - %miﬁ — %9203 - 39304
+5 () + it + Jeast * Dirac equations for baryons
%(W)Q * %miﬁ * %(VA)2’ _i%ﬁ“ — My — gow?’ — gpp3y° — ac ;Tg>A70] Y =0,
_iwa“ — My — gjwy’ + %UO@M] vy = 0.
* Equations of motion for mesons
Ao — o — g2 — gy = SR () + C ().
Moo s s = —gu ) — 4 ) + e Aoy,

Ap —mip = —g,(bmsy"),

AA = —6<15(1_2—T?’)7°¢>-
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The strength of quark confinement potential

SQMF parameters

my (MeV) V, MeV) a, (fm™3) my (MeV) V, (MeV) a, (fm™3)

set A 250 —24.286601 0.579450 330 101.78180 0.097317
set B 300 —62.257187 0.534296 380 54.548210 0.087243
set C 350 —102.041575 0.495596 430 6.802695 0.079534

The coupling constants between meson and baryons

Model

9p g2 g3 C3
(fm~1)

€ 11

gw gw g

QMF—NKlS, 250 §5.15871 11.54726 0.8258¢,, 0.4965¢,, 3.79601 —3.52737 —78.52006 305.00240

QMF—NKZS | 5.09346 12.30084 0.8134¢g,, 0.4800¢g,, 4.04190 —3.42813 —57.68387 249.05654
QMF-NK3S /| 5.01631 12.83898 0.8040g,, 0.4681g, 4.10772 —3.29969 —39.87981 221.68240
‘ Urn = —30MeV
U; = —12 MeV
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Baryon masses in nuclear medium &y

1400 ————— 1t

M. [MeV]

800|||§
0 50 100 150 200 RMF

sm_[MeV]

14/03/2017 Jinniu Hu



The properties of nuclei

Without pion,

Binding energy and charge radii
Model E/A (MeV) R.(fm)
40Ca 4SCa 90Zr 208Pb 400& 480& 9OZI' 208Pb
QMF-NK1 8.62 8.61 8.65 7.92 3.43 3.47 4.26 5.49
QMF-NK2 8.61 8.61 8.67 7.91 3.44 3.47 4.26 5.50
8.59 8.63 8.68 7.90 3.44 3.46 4.26 5.50

QMF-NK3

and gluon 3.44 3.46 4.27 553
corrections Expt 855 80T ST 787 345 345 4.26 5.50
Charge density distribution
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P, “Ccq (@) - 28p, (b)
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0.02} ) s - )
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The properties of nuclear matter

Nuclear saturation properties

Model o E/A K, J My/My L' K%, K. Q @K,
(fm=3) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

QMF-NK1 0.154 -16.3 323  30.6 0.70 84.8 -28.8 -537.6 4954 -667.7
QMF-NK2 0.152 -16.3 328 329 0.66 93.7 -23.5 -585.7 221.0 -648.8
QMF-NK3  0.150 -16.3 322  33.6 0.64 97.3 -12.0 -595.8 263.0 -675.3

symmetric nuclear matter pure neutron matter
150 . . . . . 150 T ASX
...... QMF-NKA1 (a) -+~ QMF-NK1 (b)
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The properties of hypernuclei

The A energy levels of hypernuclei
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The properties of hypernuclei

SU(3)  The £° energy levels of hypernuclei
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The properties of hypernuclei

‘The scalar and vector potentials of A and E° hyper'nuclel

and U [MeV]
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and UZ [MeV]
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The properties of neutron star

e ——

The equations of state of neutron star matter
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The properties of neutron star

The particle fractions
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The properties of neutron star
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Summary and Perspective

T T T T 3 e -

* The quark mean field model is extended to strangeness
nuclear physics within the pionic and gluonic corrections.

« The binding energies of A hypernuclei can be reproduced
very well in present framework. The ones of E°
hypernuclei are also predicted.

« The massive neutron stars are obtained with A and
hyperon, whose masses are around 2.1M..

« The double A and =~ hypernuclei will be studied.
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