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Density Dependence of Effective Nuclear Force

LANZHOU UNIVERSITY

Impact on nuclear matter properties:
W.H.Long:PLB2006, B.Y.Sun:PRC2008, Z.W.Liu:PRC2018

Many-Body Correlations P _ & Nuclear In-Medium Effects

The features of nuclear force depend on the o T T T
density, isospin, nucleon momentum of nuclear matter /P;//
0.85 |- - - - a
Ko, N <™ L kT vt S . R |
v} il o 'S a@?\o A . ] “r et BT e GREL: .
ot LR W ‘;‘;rg;\'._ i N ' . wof o awsgeosresus | Z 0.80 [ YTy ]
e - Nm— 3 [ 1 s -
ARERRIRAETR "{-; %'31.0 NE‘ wof N3 k- VKT I
Nuclear force g £ of s
> 08} h:“ [ 0.75 _"'"' B
\mm r 60:' ) ] ! | L | L | 1
06, - e = 2 0.0 0.2 0.4 0.6 0.8 1.0
1.4 " T Y T T ] 140 B
. 120 10— 7 T T T
o e ] &
Brockmann1992 ... £ or .
Lenske1995 - " e E
Fuchs1995 Typel:NPA1999 . ol - L . ) W
Long2005 "0.0 1.0 2.0 o 30 4.0 5.0 p[fm'a]
» Completeness of two-body IME

Related Aspects > New baryon-density dependence 3

» New meson exchange D.o.F. p./p,
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Nuclear Many-Body Models

Walecka(1974), Serot(1986), Reihard(1989), ‘"
Ring(1996), Bender(2003), Meng(2006)......
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The Role of Fock Terms in NS Properties
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Neutron Stars: Hyperon Puzzle Hm Ay
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Physics of Hypernuclei
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Nuclear Forces associated with Hypernuclei

) :?T]‘m J\ %

LANZHOU UNIVERSITY

30 T T T T T LA BLILEL
A A 208p}, | ! ! [ — PKOL-AL )
- 139 7 L e PKO2-A1 1
A A A 25 _1 S i% Iﬁgy %o Exp - 20 ——- PKO3-Al i
o, w T, w sty o PKO1-Al —.- PKDD-AL ,:'
y ] 1pg A0 i i —--— DDME2-a /
o*, ¢ 20 - & Q\A Ca 28g; 4 < o . DD-ME2Y1, /
A n A A < I N ? o | g A .- DD-ME2;
Q 1 dg "’* - i
. A g’ 15 LI .. %0 13¢ S !
< - \ : ) A d -
Hartree term s 1f 2 2 i ‘&"‘Q @ 3 A &
10 L \‘ t | — et L * + ’ ‘ i
PKDD PKO1 I 0 % ¥C — b Sl
PKDD PKOT Tge™ . A —40p =
S SR 7 0.0 05 1.0 15 20 25
0.50  0.25 : \ \ - /
— R Pb/Po
N B 8 e, . —i2 SU(3) chiral EFT at NLO
0.00 0.05 0.10 0.15 0.20
-12.20 -13.26 A-2/3 D. Gerstung, Eur. Phys. J. A (2020) 56:175
-17.91
Equilibrium of Hypernuclear Dynamics
""""" ® single-A: weaker E} than Ex
& E? ~ EE imbalance requires a reduction in ggya/9en
A A o o

& 22 similar but Z2 softened, so a smaller V&, in RHF

S.Y. Ding, Z. Qian, BYS, W.H. Long, Phys. Rev. C 106 (2022) 054311

S.Y. Ding, W. Yang, BYS, Chin. Phys. C 47 (2023) 124103
July 16, 2024

Fock term

Bao Yuan SUN (SNST, Lanzhou University) 6/11

Nuclear and NS Properties from a density-dependent meson-exchange perspective



Uncertainty in AN coupling strength

Linear correlation of coupling strengths

LANZHOU UNIVERSITY

1.0 : ' . T 200 T I T T
—— RHF, r=0.9999
————— RMF, r=0.9998 —_ PKO1
E‘ISO New .
> —— R, =0.200 N
3100 Rm=0400 .’_1' _
< R,=0.666 .
> R,=0.900
d 50 =1
(a8 zo
0.0 1 1 1 1 | 3 !
00 02 04 06 08 0.6 @© I
R, = 10 | PSR J0030+0451 ! -
2.0 !
!208 : I ' - I\ -
< [ 4 PP ' ——R,=0.200 \
v I - = h
S Ll o PKO1-Ax| - 0.5 | R,=0.400 \_\_\._
‘-—5 1.0 L o PKDD-=AX I Rw=0666 .:
<2t - R,=0.900
Wl o5 _
< 0.0 | I : | I :
e QO
0.0l oo°¢$? I l 1 1 l l I | 10 11 12 13 14 15
02 04 06 08 02 04 06 08 02 04 06 08 R (km)

The role of Fock terms is affected by specific R, value

ga)A/goaN

Bao Yuan SUN (SNST, Lanzhou University) Nuclear and NS Properties from a density-dependent meson-exchange perspective

July 16, 2024 7/1



Nuclear In-Medium Effects at Low Densities ) Fm K

LANZHOU UNIVERSITY

3.5 T T T
a0 PRC 76I(2007) 034314 @ 0.30 -0 Shen Yang, Bo Nan Zhang, BYS, Phys. Rev. C 100 (2019) 054314
25 [ —PRAGG) - = =10k, S. Yang, X. D. Sun, J. Geng, BYS, W. H. Long, Phys. Rev. C 103 (2021) 014304
I\ e PKA1(f) ] 025 I PREAEN o
a 20 k= N 0000 e PKOS3 (f) — . * B s s e LB s e s —TTT T T
So.L ' sl  Total  [Potential 7 | Kinetic -
10 | 020 ; o
LS., ]
05 | 'E
00 | “>‘ 0.15
0.0 §
14 | | = 010
5 (@ .
13 - - 4
AN o 0.05 = N e D D
) ] ] 0.0 0.2 04 06 08 02 04 2.6 08 02 04 06 08
N i 0.00 TR I S I S S— — p (fm?)
B e T » 0.0 0.2 0.4 06 0.8 1.0 Nuclear fourth-order symmetry energy:
. _\ R d S4 suppressed in RHF, but $4 xi, enhanced at pg
.+ . . 1 Intrinsic stability condition of any single phase: 0.14 —————— T
0.0 0.2 0.4 0.6 L : : 'mm Exact
3 0 oP : ! : 4
| | Pb(Tm ) | | o _u’ > O, . el > 0 012 | .T‘ : : i % uptoSz—
S Bl £ 8q v i e | | ' O uptod
2.t ] v H 0.10 ;/ 3 o i B R
& A - . : G } 4"'” C Q
g a 3 3 - LS. Kubis: PRC 76, 025801 (2007). Thermodynamical Method E o8 / 7 '//;/ e 7 .% .
?’ I & o 8 | b ioner s ‘ Mantle ‘ \':__ ) 7 ":_ . 7 4 , -é
% < 8 ‘ p-tensor = “v* g em *0Bx1Ptgems i S < 0.06 8! ol ]
g fEE3 el - e e o et Y . pr ~ [0.069,0.098| fm—3 - 88| E; | -
8 b3 ® H. - E o~ — '
5 oc - = . . g 0.04 |- 1 ' -
5 > . & 7 W Liu, Z Qian, R. Y. Xing, J. R. Niu, [ .3z g% 838353
®Ca %z ™8n  pp 310126 E | | B. Y. Sun, Phys. Rev. C 97 (2018) 025801 ¢qp L. 0O0Gi0, 848, , &aig ot ,
J. Geng et al., PRC 100 (2019) 051301 (R) mmsuetioons 22— iy 2N ey ™

Bao Yuan SUN (SNST, Lanzhou University) Nuclear and NS Properties from a density-dependent meson-exchange perspective July 16, 2024 8/11



New Density Dependence of Coupling Strengths o) A5
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Effects of Isovector Scalar Meson
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Summary

LANZHOU UNIVERSITY

O The features of nuclear force depend on the density, isospin, nucleon momentum of
nuclear matter, which affect the physics related to nuclear structure at different scales.

O Hypernuclei are nuclear many-body systems that include strange degree of freedom
baryons (hyperons), as an important way to understand the in-medium effects of baryon-
baryon interaction.

O In CDF theory, by adopting density-dependent coupling strengths in the meson exchange
picture, the in-medium dependence of nuclear forces can be effectively considered,
improving the model's description of some characteristics of nuclear structure.

O In nuclear matter, the different dynamical equilibrium mechanisms between nucleons and
hyperons affect the values of coupling constants, which in turn influence the description
of the properties of hypernuclei and neutron stars.
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