) 7 g
CIR B PR AR TR

NANJING UNIVERSITY @ ?‘ k j:‘-

Properties of Compact Star Matter
--- perspectives based on ChEFT

K5
AR KT

2024 NIEFIEEXUHEHITR
2024.10.18-2024.10.22

(eI N



NNNNNNNNNNNNNNNNN

FrFE . Hyun Kyu Lee. 7KL, H#E. Won-Gi
Paeng. Mannque Rho. FefEFi. 7 EIEE. 7K I3



7
z’“ NS g ﬁ "dﬁ ;\ '%

NANJING UNIVERSITY

B Property of nuclear matter has be studled for several decades:

100

80

C [Ma\/l

20

O Othe

O Terrestrial experiments
on nucleon physics;

O f7ESN=, BERERZ

r

KIDS
- GSkI
GSkII
SSk
LMNS

S Ly
- MSsSk T
-1*

%

epmetry structure

Hana Gil, et al, 1805.11321

—
-

- _ / e
u Cannot be accessed by terrestrial
experiments, lattice QCD, fundamental QCD!
Indirect information from astrophysics.

--"’.“

B What is the matter made of
B What are the patterns of the symmetrles involved:

oooooo
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B Constraints from symmetric nuclear matter

Empirical

no(fm=>) 0.155 4 0.050 [37
eo(MeV) —15.0 1. OL

Ko(MeV) 230 + 30 [38]

Esym(ne)(MeV)  26.7+0.2 [39)]
Esym(no)(MeV)  30.9 £ 1.9 [40]
Eoym(2n0)(MeV)  46.9 £ 10.1 [41]
L(n:)(MeV) 43.7 £ 7.8 [42]
L(ng)(MeV) 52.5 +17.5 [40]
Jo(MeV) —700 + 500 [43]

[37] A. Sedrakian, J.-J. Li, and F. Weber, Prog. Part. Nucl. Phys. 131,
104041 (2023), arXiv:2212.01086 [nucl-th].

[38] M. Dutra, O. Lourenco, J. S. Sa Martins, A. Delfino, J. R. Stone, and
P. D. Stevenson, Phys. Rev. C 85, 035201 (2012), arXiv:1202.3902
[nucl-th].

[39] Z. Zhang and L.-W. Chen, Phys. Lett. B 726, 234 (2013),
arXiv:1302.5327 [nucl-th].

[40] J. M. Lattimer and Y. Lim, Astrophys. J. 771, 51 (2013),
arXiv:1203.4286 [nucl-th].

[41] B.-A. Li, P. G. Krastev, D.-H. Wen, and N.-B. Zhang, Eur. Phys. J. A
55,117 (2019), arXiv:1905.13175 [nucl-th].

[42] Z. Zhang and L.-W. Chen, Phys. Rev. C 90, 064317 (2014),
arXiv:1407.8054 [nucl-th].

[43] M. Farine, J. M. Pearson, and F. Tondeur, Nucl. Phys. A 615, 135
(1997).
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B Information about the masses of the heaviest neutron stars derives primarily
from precise Shapiro time delay measurements of pulsars orbiting in binary
systems with white dwarf Companions > P.B. Demorest, et al. Nature 2010, 467, 1081.

PSR J1614-2230
PSR J0348+0432

PSR J0740+6620
PSR J0952-0607

M - 1908 :l: 0016 M@ > E. Fonseca, et al. Astrophys. J. 2016, 832, 167.

>
¥  Z.Arzoumanian, et al. Astrophys. J. Suppl.

M =201+0.04Mg, > Pinonude etal science 2013, 340, 448.
M — 208 _‘J: 007 M@ : » H.T. Cromartie, et al. Nat. Astron. 2020, 4, 72.
» E. Fonseca, et al. Astrophys. J. Lett. 2021, 915,
M=235+017Mg. L2
» R.W.Romani, et al. Astrophys. J. Lett. 2022,
934,117

B Together with their masses the radii of neutron stars can be inferred from X-ray
profiles of rotating hot-spot patterns measured with the NICER telescope.

PSR J0030+0451
PSR J0740+6620

M =1341012 Mg, R=1271" " ke,
0.067 1.30
M.= 2072 50 Moy, Ri=1280 k.

» T.T.Riley, et al. Astrophys. J. Lett. 2019, 887, L21.
» T.E.Riley, et al. Astrophys. J. Lett. 2021, 918, L27.
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PHYSICAL REVIEW LETTERS 120, 172703 (2018)

Editors' Suggestion Featured in Physics

Gravitational-Wave Constraints on the Neutron-Star-Matter Equation of State

Eemeli Annala,' Tyler Gorda,' Aleksi Kurkela,” and Aleksi Vuorinen'

O. Box 64. FT 00N1A4 TTuivinwcitn af Holeinki Kinland

Impact of & < 800 on NS radius & EOS P oo ——————

» Ay4 S 800 :interms of NS radius 10 S Ry4n, S 13.5 km foran€0s 0 Stavanger,

» connects to the NNLO pQCD (Kurkela et al. 2010) and chiral EFT (Hebeler et al. 2013) ceived 6 Feb
» causality ¢; < ¢ and Mgpsmax = 2Mg constraints in the intermediate region

| Annala et al. PRL 120, 172703 (2018) W [ | Tlda| defOrmablllty(GW170817)

1400 ‘
- ALAM,) > 800 _

o Ay, < 800

R T ISR SO SUSTOTRRIN SONPOOON
I 400 < A(14M,) < 800

103

V/fm?]

Z A= 3001350 - A= 190135
< 600k A(14M,,) < 400
L : — +1.4
400, Muae <2My ‘ R -_ 11.9_14 km
200 ‘
~ ] [ ‘__,__,_\--;'7 =l C.Y. Tsang, et al., 1807.06571
78 9 10 11 12 13 14 15 16 8 10 12
R[km] R<1~1:U )[km] Inset. 1ne same runcuon consuauctea witn [l’lH’OplC mlerpomlmg

functions only.
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m BTETHNHIFEM

‘Cfermion:ql (lﬁ - mN) v+ 1/_} (’Lm - me) ¥,

1 1 1
Lbeson = _(ayaa'ua . m2 0'2) o

2
1 v 1 2
— EQMVQ“ + §mw

3 4

1= S ST 1 y
_EPMV'PN —|—§m§pu-ﬁ“—fFWF“

4
L1=V (—gs0 — gup — gop) ¥ ,

— 920" — ~g3o*

1
wuwt + 263 (w#w“)2

KA EfERAT RN TR

» B.D. Serot and J. D. Walecka, Adv. Nucl. Phys.
16, 1 (1986);

» Y. Sugahara, H. Toki, Nucl.Phys.A 579 (1994)
557-572;

» H. Shen, H. Toki, K. Oyamatsu, K. Sumiyoshi,
Nucl.Phys.A 637 (1998) 435-450 .

Asymmetric nuclear matter in relativistic mean-field models with isoscalar- and isovector-meson

2202.06468 e

Tsuyostt Mivarsu &' Myunc-Ki1 CHEOUN 71 AND Koicur Sarro 2

1 Department of Physics and OMEG Institute, Soongsil University, Seoul 06978, Republic of Korea
2 Department of Physics, Faculty of Science and Technology, Tokyo University of Science, Noda 278-8510, Japan

THE ASTROPHYSICAL JOURNAL, 929:183 (7pp), 2022 April 20 hitps://doi.org/10.3847/1538-4357 /acSe2a

© 2022. The Author(s). Published by the American Astronomical Society.

CrossMark
Effects of Isoscalar- and Isovector-scalar Meson Mixing on Neutron Star Structure

Fan Li' , Bao-Jun Cai’ , Ying Zhou ‘Wei-Zhou Jldng , and Lie-Wen Chen'*
!'School of Physics and Astronomy, Shanghai Key Laboratory for Particle Phyﬂcc and Cosmology, and Key Laboratory for Particle Astrophysics and Cosmology

ABSTRACT

Using the relativistic mean-field model with nonlinear couplings between the isoscalar and isovector

mesons, we study the properties of isospin-asymmetric nuclear matter. Not only the vector mixine,
wuwhp,p?, but also the quartic interaction due to the scalar mesons, 0282, is taken into account to
m.
It is found that the § meson increases Egyy at high densities, whereas the 0-d mixing makes Egym,
soft above the saturation density. Furthermore, the 6 meson and its mixing have a large influence
on the radius and tidal deformability of a neutron star. In particular, the o-§ mixing reduces the
neutron-star radius, and, thus, the present calculation can simultaneously reproduce the dimensionless
tidal deformabilities of a canonical 1.4M neutron star observed from the binary neutron star merger,
GW170817, and from the compact binary coalescence, GW190814.

,(MOE), Shanghai Jiao Tong University. Shanghai 200240, People’s Republic of China; Iwchen@sjtu.edu.cn
2 Quantum Machine Learning Laboratory, Shadow Creator Inc., Shanghai 201208, People’s Republic of China
* School of Physics, Southeast University, Nanjing 211189, People’s Republic of China
Received 2022 February 22; revised 2022 March 11; accepted 2022 March 14; published 2022 April 27

Abstract

Based on the accurately calibrated interaction FSUGold, we show that including isovector-scalar 6 meson and its

Esym n) at intermediate densities while stiffening the m(n) at higl

simultaneously compatible with (1) the constraints on the equation of state of symmetric nuclea.r matter at
suprasaturation densities from flow data in heavy-ion collisions; (2) the neutron skin thickness of 2°°Pb from the
PREX-II experiment; (3) the largest mass of a neutron star (NS) reported so far from PSR J0740+6620; (4) the
limit of A 4 <580 for the dimensionless tidal deformability of the canonical 1.4 M, NS from the gravitational-
wave signal GW170817; (5) the mass—radius relation of PSR J0030+0451 and PSR J07404-6620 measured by
NICER. The new model thus removes the tension between PREX-II and GW170817 observed in the conventional
RMF model.

Unified Astronomy Thesaurus concepts: Neutron stars (1108); Gravitational wave astronomy (675); Nuclear
astrophysics (1129)
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Liermion =0 (i — my) U + 9 (ild — m.) ¥ , »> B.D.Serot a-nd J. D. Walecka, Adv. Nucl. Phys.
r _Lis o 5 5. 1w 1 g 16, 1 (1986);
boson = 5 (D0 0o = my07) = 39207 = 4930 > Y. Sugahara, H. Toki, Nucl.Phys.A 579 (1994)
Claom Lz 4 ey (uut)? 557-572;
ixa . 21 4 1 » H. Shen, H. Toki, K. Oyamatsu, K. Sumiyoshi,
= gPu P Smup, - B = JEWE Nucl.Phys.A 637 (1998) 435-450 .

L1=V (—gs0 — gup — gop) ¥ ,

O 5% fdthsn s M. BERnEN TS el n (BEMRE)
O RAGIANKESE, TaFRSEERIRMME . Pldsz I soRedt 7 a7
MR (FRERHRTD .
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B Phenomenological models, results are highly model dependent

¢ RESHTFYIESZYIETINTSEN R ERERAREE
FAEXIFRIERIRRRNE . e FRERTRIR. ...

fr(p). my. m;;\ g;NN~ """

» Models anchored on properties of fundamental QCD!

Chiral symmetry? Scale symmetry? Power counting?

Including o, p, w in addition to the standard NGB = and nucleon.
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» Yan-Ling Li, YLM, Mannque Rho, Phys.Rev.D 95 (2017) 11, 114011.

. G n E FT fO r N M » “Effective Field Theories for Nuclei and Compact-Star Matter”, YLM,

Mannque Rho, (World Scientific, Singapore,2019)

Hadron

fields: 1t p,w o N

Symmetry NGBs of Gauge fields NGB of Chiral

CSB of HLS SSB multiplets
V \
. . * Topology of QCD e Scale symm. in-
Implication (skyrmion, vortex, ... ); (PRI medium; (KI5
(in medium] + Chiral symm. in-medium; ET D)
* Hidden flavor symm. in-medim. e Peak of SV

Power counting: O(p)~0(m,)~0(g)~0(m,)
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EB of SI:  Departure of a. from IRFP + current auark mass. Lfr, = L'+ Lo + Loas:
B/ Ches %Gu (1+7vm) > mqdq
] s q=u,d,s f
d=4 _ Iz [ X T ri
: . - (1) lair)
0 IR N IR fixed point: p(eyg) = 0 4
S _ e o l
Q’ﬂé\ XPTs = expand in 0} N 2.«.90”;(@ A (fx) '
245
y (qq) #0 xs S KR, Myas ~ 0 gl — (- r1)f" (f_) Tr (t}uU(’;ﬂ‘U*)
X
U about scale-dependent |vac) 1 g
,\fP 21— A e
= NG bosons 7, K, n, o. * 2{1 c2) (fx) XX
X +5
Crewther and Tunstall , PRD91, 034016, e-Print: 1312.3319 o (fx) ’

. . . fre = %’%(},—) _TMTE(M*U+U*M)..
Provides an approach to include scalar meson in ChPT. :
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_ Only in terms of hadrons;
L= "C\PI (X V) + ‘Cxpl (.7 x: Vi) = VIX) Intrinsic density dependence
(Y \? , 2 B Enters through the VeV of
M _ sy o2 X T ) X Ry
Exer, (120 Vi) = I ( ) ]+ of (f ) el ilaton: scale symmetry;

fa
1 ) c
+ﬁ’l“l‘[1-"}”,-1»-’1”‘]+50,,_\Uf‘»‘ B Information from topology

2g° 2 change is considered;
_ B Nucleon mass stays as a
B - 0T s f— . "". (& -
Lypr, (7. X, Vu) = Tr(Bin, D" B) j,,Tl(BB) constant  after  topology
2 2 4 1 change: parity doublet.
Vix) » == (%) {lu (%) - 1] : B The topology change density
v ' Casheire Cat Ny /2, parameter.

YLM, M. Rho, PPNP. 113 g“natri';'u*i'fdm” « ]flua"tativ?inforr:nation » depen([j)::z:»;mcs
(2020) 103791 y rom topology change

\ /
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TABLE 1II. Nuclear matter properties at no < mnjys2. The
empirical values are merely exemplary. ng is in unit fin =

and others are in unit MeV.,

Parameter

Prediction Empirical

10
B.E.
Esym(no)
E.ym(2ng)
L(ng)
Ko

0.16 £ 0.01 [9]
16.0 & 1.0 [9]
31.7 + 3.2 [10]
46.9 £ 10.1 [11):40.2 £ 12.8 [12]
58.9 £ 16 [11];58.7 & 28.1 [10]
230 + 20 [13]

Agrees with the
empirical values of
the nuclear
matter properties
quite well.
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2 = dp(n)/on _ dp(n)
&z /‘P S de(n)/on  de(n)
Nuclear —

{

(

At Ieast one peak

= o S — - L, = -—"‘—_‘

~ 2n, ~ (4-7)n, ~ 100 n,
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B |In the quarkyonic description of dense matter, a peak of SV emerges from
the hadronic phase from quarkyonic phase transition when density is

increased. .

>
>
>

L. McLerran and S. Reddy, Phys. Rev. Lett. 122, 122701 (2019).

K. S. Jeong, L. McLerran, and S. Sen, Phys. Rev. C 101, 035201 (2020).

T. Zhao and J. M. Lattimer, Phys. Rev. D 102, 023021 (2020).

J. Margueron, H. Hansen, P. Proust, and G. Chanfray, Phys. Rev. C 104, 055803 (2021).

M In a unified approach to nuclei and dense compact star matter based on a
GnEFT including pion, rho, omega and the lightest scalar meson regarded as
dilaton, we found that the peak emerges at density (2~4)n, when the
topology change effect was implemented through the Brown-Rho scaling.

>
>
>
>

A\

Y.-L. Ma and M. Rho, Phys. Rev. D 99, 014034 (2019).

Y.-L. Ma and M. Rho, Prog. Part. Nucl. Phys. 113, 103791 (2020).

Y.-L. Ma and M. Rho, AAPPS Bull. 31, 16 (2021).

H K Lee Y- L Ma, W G. Paeng,and M. Rho, Mod. Phys. Lett. A 37, 2230003 (2022).

- VYA I~ S F o oA ™ —— [ o o o~



o) = ﬂe(n)(l _302) = v2/c? — dP(n) de(n)

L n 8 on on

Low density relevant to NSs

Of3 0.7
-100 ¥

0.5

-200 ) 0.4

— vg/cin a=1 matter _

—€(n)+3P(n) [MeV/Am?]

-300 0.3 / s
. v C:-‘"
—— —€(n)+3P(n) for a=1 matter 0.2 ° ]
-400f S e vs/c in a=0 matter
-------- —€(n)+3P(n) for a=0 matter 0.1 '
—5007, ] 5 3 4 5 6 000 2 3 4 5 6

: ... nhin
m Trace of energy—morrﬁrré“ntum tensor is not zero but a density mJeﬁendent constant

—'\-I- ~ Daa

A feature NOT shared by ANY other models or theories in the field

B \wnen = Zng , tne souna veiocity — 1/v3 -- conrormal souna veirocity.
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Standard Scenario

I I

Neutron stars

I I

Causality: ¢ < 1

Conformal limit

Neutron matter
Ikt i ke e

erturbative QCD

We found that the conformal limit of ¢ < 1/3 is in tension
with current nuclear physics constraints and observations of
two-solar-mass NSs, in accordance with the findings of
Bedaque & Steiner (2015). If the conformal limit was found
to hold at all densities, this would imply that nuclear physics
models break down below 2ny,.

S. Reddy et al, 2018

We are disagreeing!

0]Ve"ry ;high"’l‘deﬁ‘l’%ity
PQCD applicable

15(
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Supported by later publications

Quark-hadron crossover

P(p) = S(p)Py(p) + (1 — S(p)) Pr(pe)

0 5000 100 100 2000 2300 3000
€ (MeV/fm®)

Kapusta & Welle, 2103.16633

Ay,

Quarkyonic mat Quarkyonic matter

1.0
— B+Q+L o
0.8 - Q
100%L 08¢
—— PNM version o
0.6f QO 06F
3 s}
o
o ?i, 04
0.4+
02
0.2 ) O™ . . . v . . 4
o / 0 0.3 0.6 0.9
: 0.2 0.4 0.6 0.8 1.0 3
ng (fm3) ng (fm™)

Zhao & Lattimer,
2004.08293

Margueron et al,
2103.10209
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B Using a hadron-quark meson model, people found that the peak of SV
emerges from the smooth transition from BEC phase of pions to BCS phase
with pion condensates on top of the quark Fermi sea which is actually the

hadron-quark crossover that had been realized as the trigger of the peak.

» R. Chiba, T. Kojo, and D. Suenaga, (2024), arXiv:2403.02538 [hep-ph].
» R. Chiba and T. Kojo, (2023), arXiv:2304.13920 [hep-ph].
» G.Baym, S. Furusawa, T. Hatsuda, T. Kojo, and H. Togashi, Astrophys. J. 885, 42 (2019).

B By combining the calculation using the chiral NN and 3N interactions with
that using a functional RG approach based on QCD, people found the peak of
SV is due to the formation of the diquark gap at intermediate density.

» M. Leonhardt, M. Pospiech, B. Schallmo, J. Braun, C. Drischler, K. Hebeler, and
A. Schwenk, Phys. Rev. Lett. 125, 142502 (2020).
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Trace Anomaly as Signature of Conformality in Neutron Stars
Yuki Fujimoto®,"" Kenji Fukushima,>" Larry D. McLerran,"* and Michat Praszatowicz®'"
nstitute for Nuclear Theory, University of Washington, Box 351550, Seattle, Washington 98195, USA
2Deparrment of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
3 Institute of Theoretical Physics, Jagiellonian University, S. Lojasiewicza 11, 30-348 Krakow, Poland

M (Received 2 August 2022; revised 1 November 2022; accepted 14 November 2022; published 16 December 2022)

We discuss an interpretation that a peak in the sound velocity in neutron star matter, as suggested by the
observational data, signifies strongly coupled conformal matter. The normalized trace anomaly is a
dimensionless measure of conformality leading to the derivative and the nonderivative contributions to the
sound velocity. We find that the peak in the sound velocity is attributed to the derivative contribution from
the trace anomaly that steeply approaches the conformal limit. Smooth continuity to the behavior of high-
density QCD implies that the matter part of the trace anomaly may be positive definite. We discuss a
possible implication of the positivity condition of the trace anomaly on the M-R relation of the neutron
stars.
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Define normalized trace anomaly:

i <®>T./13 o 1_5

3E S ub

+ 2

s del 1V s.nonderiv’

" dA

p bl — — —

1/ . -y ) — .
s.deriv di]

1
5

§

s.nonderiv

—. .

0.5 - : . .
— Total
—== Derivative
™~ 0.4r . . T
> —:= Non-derivative
O
c g r—
=3 p———r T
3 - ' . .
n RN . o2 — Eq. (M |
5 Y a NS data
b /N e '
g ./ % To0o
=]
w0 4 " -
A L 1 ! 1
s %y 2 3 a4 s
S e a n= In{£.|f£g]
2 3 4 5

Energy density n=In(g/gg)

FIG. 2. The speed of sound and its decomposition (G) cal-
culated from (7) as shown in the inset plot. The horizontal
axis i1s the logarithmic energy # normalized to the value at
the saturation point, £ = 150 MeV /fm®.
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Reaching percolation and conformal limits in neutron stars

Michal Marczenko.!>* Larry McLerran.? Krzvsztof Redlich.® and Chihiro Sasaki®: 4

1 : S Ry 10° L L v —y— 100
-y : 0.3 B I | | "
] - 1) i i 4
2 . 0.8 10-1 0.2 — 1 i i b | i
Instit o I i . 100" )5, USA
=2 e
0.6 ? 0.1 1|
v ) ; i~
0.4 I L ; i , i
s ML il ; b L]0
0.2 i | |
—-0.2 — h i i -
Ak m ' '
0 ! OO e, ! ; ) 10~4 : b ISR i N . ) 104
, 102 108 10* 10? 10° 10* sl
¢ [MeV /fm?] [MeV /fm?] tisti-
€ e m € e m
call e the

speed of sound and trace anomaly and demonstrate that they are driven towards their conformal
values at the center of maximally massive NSs. The local peak of the speed of sound is shown to
be located at values of the energy and particle densities which are consistent with deconfinement
and percolation conditions in QCD matter. We also analyze fluctuations of the net-baryon number
density in the context of possible remnants of critical behavior. We find that the global maxima of
the variance of these fluctuations emerge at densities beyond those found in the interiors of NSs.
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Peak of SV connects to the behavior of trace anomaly in medium.

What will happen when the trace anomaly is implemented in
an effective model/theory?
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A mean field calculation based on chiral-scale EFT

Ly = 771—2”<I>2 Tr(a ) Empirical bsHLS-L bsHLS-H
Ip o no  0.155+0.050 [45] 0.159  0.159
L(m2  mo\ €o —15.0 £ 1.0 [45] -16.0  -16.0
T2 ( g2 g_g> PIEDT @) gy as0zso@el 232 28
B . . Esym(2n0) 469+ 10.1 48]  51.5 50.2
V(X) = —hs®" = he®™7, L(ng) 525+175 850 683

J(no)  —700 £ 500 [49]  -767 -599

Lz = Niy,D'N — my®NN

- ngNW“N%N - gpNNPa“NTa’YuN

_ 558 (f _ 1) WF N~y N
JuNN ( Tu L. Q. Zhang, Y. Ma and YM, 2410.04142.

— o555 (0 = 1) pN7*u N ©3)



7z

NANJING UNIVERSITY

Linear model ::ggf _— (1~2.5)n,
L- HS" N il
------- NL1 l s ‘\‘\.n\“"“ 138

o
- o
\
= R e 11 1L L
- O w T
- ) o't LA
s F i imet \
. - & LI
- S b0
- IS i
= & -
8
‘.‘l:\:
\
LS
0 2 \\\\\\\
L] W't
‘‘‘‘‘‘‘‘‘
et
18
Y A ah
33
0 O g A
L]
0.5 1.0 1.5 20 25 3.0

B There are only hadrons, NO phase/configuration transition!
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B Why in Chiral-scale EFT?

» Scale symmetry is first partially restored
with density, but then broken again.
Contradict to naive expectation!

T =

¢,=0.0, =1.0

-- ¢,=0.1,p=0.5
—-—-¢,=0.1, =15
- --¢,=0.2,$=1.0

B Also found in skyrmion crystal approach. ' :
y y pp ﬁhwz—qw B (C/er(l—Ch)(%)ﬂ)

T T
6 8 10

Long-Qi Shao, YM, arXiv:2202.09957




Available online at www.sciencedirect.com

I I NUCLEAR
ScienceDirect nucLear I
ELSER Nuclear Physics A 807 (2008) 28-37
e/nuclphysa

.

E /3¢’ S exp(=mg X =X')) ,
B 4N 2 4r|x — x'|
Box

he role ot the dilaton 1in dense skyrmion matter

Byung-Yoon Park **, Mannque Rho°, Vicente Vento®

This quantity diverges unless it is screened by mJ,. Therefore if the w mass were to go
down as required by the vector manifestation, the skyrmion—skyrmion interactions would
become strongly repulsive with increasing density. This forces the w mass m,, , and hence
x*, to increase. Note that in HLS theory with the vector manifestation, g2 drops to zero as
the density approaches the critical, so the problem is avoided.

. 9 : :
B A resolution: £u.= Eg(X/fx)SwuBM- New information on compensator approach?
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B Ascaled w — N — N coupling:

1.0f | | | T Lo

%=l S— 8w _1 ///—\\
NN L Binn J
0'8. g. 1 008 < L /

gNN | 140.02 % SN 140.02 %

Binn 1
» 0.6' \

0.4/

<y>

0.2 i

0.0;

0 2 4
» Correction to LRSS is
significant for the
restoration of SS!

Locations are locked
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B g,quench in Gamov-Taller transition : g,

For A < 60 nuclei
TEFE AR AL TS
g,iff = Qlight X9y
Y IRILY ()
Quignt ~ 0.78

Jree ~0.98 —1.18

freez1.276_)gflffz1 | 2 iy
e

For A > 60 nuclei

Recent RIKEN: BRIKEN — 4 4+09

l D. Lubos, et al., PRL 19’

qETEM, = 0.46 — 0.55

A PA— B0 R s BE R AR PR B 2

ESPM _
dcoEFT= AssBX Asnc
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£ GnEFTH, #HXxmIHRA

AsspgaVTEY,YsP o(0) = 1
qssp=¢cs + (1 — CA)CDB, ®(no) = 0.8
For A < 60 nuclei For A > 60 nuclei
Qugne ~ 0.78 qESPM = 0.46 — 0.55
cy =~ 1, LOSSHE LTIl o T
Gssp = Ca T+ (1 —ca )" ~0.63

¢y =~ 0.15,B' =~ 2.5,L0SS FHIR

ssp — Cq + (1 - CA)CDBI ~ 0.64
FKHTHRENHEEZYIFR (MEZEBREEE) KL R,
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, Op(n)/on _ dp(n)

&z /‘P Us = de(n)/on  de(n)
Nuclear —

Scalei

Ng
>
variant. Scale symmetry is hidden. Scale invariant.



Summary and discussion

B When EFT was used in the study of NM, novel
phenomena appear.

B The peak of SV in nuclear matter is due to the nonlinear
realization of scale symmetry, NOT the hadron-quark
transition or other configuration change.

B The location of the peak is about (1~2)n,, a density
region can be accessed by terrestrial experiments.

B Implementation of SS in omega meson sector, U(2) s IS
badly broken in medium.




Phases of binary neutron star merger
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Sl Summary and discussion

10 2 o . T @CmssMark
— NEMO total === Newtonlan gravity

—, Coating brownian = Omantum vacuum Publications of the Astronomical Society of Australia (2020), 37, @047, 11 pages CAMBRIDGE
=== Caating thermo-optic Seismic doi:10.1017/pasa.2020.39 UNIVERSITY PRESS
Extess gas Substrate brownian A
o3 === ITM'carrier density === Substrate thermo-clastic
10 b === ITM thermo-refractive = Suspension thermal Research Paper

Neutron Star Extreme Matter Observatory: A kilohertz-band
gravitational-wave detector in the global network

Strain [1/+/Hz]

10 24

ey '_‘_-_J'*;;_- Figure 1. Naolse bucget and indicative gravitational-wave signal from a binary neutran

— A+ -== ET star collision. Top panel: we show the amplitude spectral density of the various noise
e e components that make up the total noise budget shown as the black curve, Bottom

0%
10~

g 102 panel: The black curve is the same total noise budget as the top panel, now shown
z as the noise amplitude h, = /f 5,( f), where 5,( f} is the power-spectral density. This
-:j 10-2 curve is shown in comparison to design sensitivity of A4+ (blue), the Einstein Telescope
é \ET; green), and Cosmic Explorer (CE; pink). Also shown in red is the predicted charac-
O

teristic gravitational-wave strain h, for a typical binary neutron star inspiral, merger,
and post-merger at 40 Mpc, where the latter are derived from numerical-relativity
simulations.
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Thank you for your attention!




