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Dense Matter Physics In Korea my personal point of view

Hadron Physics Astrophysics
NS EoS with Effective Field Theories 1990s NS Binary as a source of GW
(with D.P.Min, M.Rho & G.E.Brown) (with G.E.Brown@Stony Brook)

2003 Korean Gravitational Wave Group

Nuclear physics + Astrophysics +
Science-Business-Belt Project 2006 Mathematics + Artificial Intelligence
initiated by D.P. Min

RAON project was approved 2009 KGWG joined LIGO Scientific Collab.

New Transport DJBUU

Nuclear Structure DRHBc 2017 GW from NS-NS mergers

(Multi-messenger Astrophysics)

First run of RAON 2021 Tidal deformability of NS

Symmetry Energy (later)

BUD?2 Collaboration
for Astro-Hadron Physics



ECT* Workshops co-organized by Koreans & Europeans

E(‘iT* established in 1993

NS EoS with Effective Field Theories 1990s NS Binary a: 1994 Director: B. Mottelson

Organized by M. Rho & W. Weise
(my first visit to ECT* as a Ph.D. student)

2003

Science-Business-Belt Project 2006 2004 Director: W. Weise

Novel Approaches to the Nuclear Many-Body Problem:

RAON project was approved 2009 From Nuclei to Stellar Matter
Organisers: C-H. Lee (Co-ordinator) (Pusan National Univ.),

Transport Studies N. Kaiser (T'U Munich),
2017 A. Schwenk (Ohio State Univ.) [p. 36]

2015 Director: W. Weise

ECT*-APCTP Joint Workshop:

From Rare Isotopes to Neutron Stars

Francesca Gulminelli (LPC and University of Caen, France)
Chang-Hwan Lee (Pusan National University, Busan, Korea)

BUD Collabor Yongseok Oh (Kyungpook National University, Daegu, Korea)

Jurgen Schaffner-Bielich (Goethe University Frankfurt, Germany)

B
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First run of RAON 2021
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Works with G.E. Brown & H.A. Bethe

1999

The formation of high-mass black holes in low-mass X-ray binaries
G.E. Brown®", C.-H. Lee*”, Hans A. Bethe"”

2000

HYPERCRITICAL ADVECTION-DOMINATED ACCRETION FLOW

G. E. BRowN AND C.-H. LEE
Department of Physics and Astronomy, State University of New York, Stony Brook, New York 11794

AND
H. A. BETHE

FORMATION AND EVOLUTION
BLACH HOLES IN THE GALAXY

A Reprint Volume with Commentary

World Scientific Series in 20th Century Physics vnl 33
L]

A theory of gamma-ray bursts
G.E. Brown®, C.-H. Lee®, R AM.J. Wijers*, HK. Lee®, G. Israelian®, H.A. Bethe®

Evolution of black holes in the galaxy
G.E. Brown®*, C.-H. Lee?, R A.M.J. Wijers®, H.A. Bethe®

2001

Formation of high mass X-ray black hole binaries
GE. Brown®, A. Heger", N. Langer®, C.-H. Lee™*"*, S. Wellstein®, H.A. Bethe’

edited by
Gerald E. Brown
Chang-Hwan Lee
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Laboratory probes of the nuclear matter EOS

[ N Rare isotope
Accelerator complex for
ON-line experiments

Courtesy of
Youngman Kim (IBS)
Seung-Woo Hong (RAON User Liaison Center, SKKU)
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Rare Isotope Science Project (RISP)

© Goal : To build a heavy ion accelerator complex RAON
for rare isotope science researches in Korea
o Project period : 2011.12 - 2021.12
o Total Budget : ~$ 1.43 billion
(Facilities ~ $ 0.46 bill., Bldgs & Utilities ~ $ 0.97 bill.)

- include initial experimental apparatus

Future Extemnsiomn

RAON

Accelerator complex
ISOL + In-Flight Fragmentation

—— -
. - I =

Origin of Matter == = .
) ] = k Applied Science
= Nuclear Astrophysics = ‘
= Nuclear Matter i ' ' ' : = Bio-Medical Science
- Sl.lpel‘ Hea.\?' Element Search , Properties of Exotic Nuclei = Material Sc.ience
= High-precision Mass Measurement = Neutron Science

i = Nuclear Structure

= f = Flectric Dipole Moment and Symmetry
= Nuclear Theory

= Hyperfine Structure Study
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RAON Concept

ECR-IS
(10keV/u, 12 ppA)

postponed

LEBT
RFQ (500keV/u, 9.5 ppA)

MEBT

SCL1 (18.5 MeV/u, 9.5

Post Accelerator |
SCL3 (18.5 MeV/u)

Low Energy Experiments
Nuclear Astrophysics

CB : Charge Breeder
HRMS : High Resolution Mass Separator

J High intensity RI beams by & IF

: direct fission of 238U by 70MeV protons
IF : 200MeV/u, 8.3pMA of 238U

J High quality neutron-rich RI beams
132Sn with up to ~250MeV/u, up to ~108 pps

PHA)
- More exotic RI beams by ISOL+IF
Charge
Stripper . SCL2 (200 MeV/u, 8.3 ppA for U+79)
A Driver LINAC (600MeV, 660 pA for p)

MEBT RFQ CB HRMS
= ; — - -
| RF Cooler Cyclotron
(p, 70 MeV,i'lA

HSR,

High-precision
}\_/Ija_s‘g B_/Leasurement

F system

ECR-IS

High Energy Experiments
Nuclear Structure/
Symmetry Energy

11



1. Overview

Project Milestone

(2018) (2019) (2020) ) cg’;”
Q3 manufacturing SCL3 Installation 5CL3 S . _ea.“r;/
Commissioni
SCL2 Prototype SCL2 manufachuring ) _
Const.Cmuenm ProjectCompletion
18.5MeV/u 18.5MeV/u
ECR-IS beam & Sl beam Rl beam
ISOL beam (S| beam) SCL demo beam (Dec 2020) (Sep 2021)
(Dec 2015) (Dec 2017)
2014 2016 I 2016 2017 f 2018 2019 2020 2021
RFQ beam SCL ISOL D-1 SCL2
(Dec 2016) installation =~ Commissioring  Experiment — (pec 2021)
(April 2019)  (July 2020)  (Jan2021)
, (“Fecity Gonstruction | |
Completion of basic  Completion of detail o Building
design design Supply of utilities Permit
(Dec 2015) (June 2017) (Dec 2018) (April 2021)
2014 20156 I 2016 20‘I7 2018 I 2019 2020 2021

I

R

.i

Institute for Basic Science

Beginning of priority Beginning of Completion of Completion of inspection
construction construction construction  of the radiation facility
(Feb 2017) (Sep 2017) (Aug 2020) (Dec 2021)
\ y,
2| Z=0f e -8-

Rzare |sotope ,
Science Project



~u-,mu.-w....¢n>.4._ h
-

ey

™




4

l
~ e

NZINE SEE 4

(R —

O e S

Installation of the First Superconducting Cavites and Cryomodultes
2019.9.26



Summary & Outlook

= Accelerator

 Mass production for SCL3 is under way
« SCL2is under pre-production phase
« From April, 2019, installation for SCL will start from SCL3.

= By the end of 2021, we will achieve

« Sl beams: Stable ion beams (1°0, 40Ar) from ECRIS = SCL3 - low E exp hall
Rl beams: RIBs extraction from ISOL - re-acceleration through SLC3 - low E exp hall
Stable / Rl beams will be delivered to low-E experimental hall
Early phase experiments-are going to be performed using KOBRA
- RIBs production ab KOBRA (A<~50, beam energy < 20 MeV/u) using S| beams from SCL3

Beam commissioning starts for SCL2

Installation and commissioning for IF, LAMPS, Neutron, bio-medical and muSR
— Collaborative works with RUA (RAON Users Association) via RULC (RAON Users Liason Center)

= Post RISP (2021 ~ )

« Beam acceleration for ISOL - SCL3 - SCL2 - IF (ISOL+IF)

 Beam commissioning and experiments for I[F, LAMPS, Neutron, bio-medical and muSR
 Ramping-up to-getthe 400kW beams (more than 5. yrs)

 Energy updgrade to 400MeV/u (requires budget)

X ok o
TS 71z etz 26- i
Institute for Basic Science Science Project



Contents

2. Possible origin of high-mass neutron stars
- NS binary evolution (work done before GW detection)
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Mass & radius of neutron star

Tidal deformability of NS from GW
Strangeness in NS

prefer soft
=ON

harder EOS »»

0
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0.0g 9 10 11 12 13 1415 16

Neutron Star-White Dwarf Binaries

1.97 solar mass NS : Nature (2010)

2.01 solar mass NS : Science (2013)

2.14 solar mass NS : Nature Astronomy (2019) 47



All well measured NS masses
in NS-NS binaries are less than

1.5 solar mass!

Why?

Prakash (2013)

updated 9 May 2013

. dou{:le '
se—Taylor binary NEULroN star
i .,.,50’ “binaries

dpuble pulsar

0. 2 o ® i NGC 6544

l .
—eo—1in JGC 6539
|
.

= l—

I
| :
1in fdr 5

1 —o
I .95 |
Z.,n 4_,m ugu sar n,eutr.on star

in NGC 1851 Dinaries
| o o’
in NGC 6441 ——e

: in NGC 6752
‘ [
—e—

white dwarf—

—e—

0.0 . 1.0 1|5
Neutron staf mass (Mg)

2.0 ) 183'0



Our open questions

2 M, NS has been observed in NS-WD binaries

= Why all well-measured NS masses in NS-NS binaries are
less than 1.5 M,?

= \What is the maximum mass of neutrons stars?

Before the observation of high-mass neutron stars

Lee, Park, Brown, ApJ 670 (2007) 741

We discussed the maximum mass of NS can be significantly higher than 1.5
M, as far as the evolution is concerned.
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Fe core mass [Msun]

New Astronomy 6 (2001) 457-470

Formation of high mass X-ray black hole binaries
GE. Brown®, A. Heger’, N. Langer®, C.-H. Lee™*"*, S. Wellstein®, H.A. Bethe'

1 1 I | I | L | 1 I | 1 | I 1 | | 1 | | 1 bl | 1 | I 1
20+ .
- .. —
— x —

oo, @ 4
18— ——— = === ANKe —g —————— — = Mpc
I x X il
[ ] X.
. ® o
] X X xxxxx X
16— % —
b )
Mys
“1B1913+16
1 l%l l&l | | I | I | I L1 1 1 l | I | l L1 1 1 l 1

10 15 20 25 30 35 40

MZAMS [Msun:|

030 i 1T 1T 1 1T T 1 I 1T T 1 | L I 1T T 1 I 1T 1T 1 I I i
_“. ]
0.25e% o ° —

I ) i

o [ % .
Q B o .
£ 0.20 — ] —
< i A™ i
g i .. : ' _
i - o ® e © _
3 0.15 ~ .o o © P ®
T [ o o i
§ 0.10 - ° o -
0.05 — _
OOO i 1 1 1 | l L1 1 1 I ‘ 11 | l | I | I | I T | l 11 1 1 I 1 |

10 15 20 25 30 35 40
MZAMS []\/Isun:I

In close binaries (evolution without H envelope)
low Fe core mass === > NS mass = 1.3 - 1.5 solar mass
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Fate of first born NS

Common envelope evolution NS with accretion

) @ ©

2nd NS/WD

1st-born NS

He

\ 20M +1M
‘ sun sun
2000 | .\

\

\

|

\

I I I I I — e a'
2 i

No RLOF /

)

1500 —

1000 —

Evolution of
Companion

500

Radius & Orbital Separation (R

H core burning

He core burning
I

30 | 40 | 50
Stage 21

' ¥
0 10




Common envelope evolution

Gravitational self-energy of H envelope

Progenitors M, ’

GM,M. _ GM,M, _ (GMHeMd GMpMd)
- CcC _

M . (envelope
6( b AR A La;

Mie

2af 20,’

t

Change of binary orbital energy

Q) How to determine Aqe
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What we have discovered in Soft X-ray transients (BH binary)

Formation and evolution of black hole X-ray transient systems
G.E. Brown®, C-H. Lee**"*, T.M. Tauris®

- - New Astronomy 6 (2001) 331
A, =~02—-05

DISCOVERY OF A BLACK HOLE MASS-PERIOD CORRELATION IN SOFT X-RAY TRANSIENTS
AND ITS IMPLICATION FOR GAMMA-RAY BURST AND HYPERNOVA MECHANISMS

C.-H. LEge.!?3 G. E. BRowN,? AND R. A. M. J. WiERS>*

CHL, G.E. Brown, RA.M.J. Wijers, ApJ 575 (2002) 996

A.ace — 0.2
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BH Binaries / Soft X-ray Transients

Main Sequence companion J Evolved companion
« 8383 s 3 33 .
Plagilil 14 4
E 3 ssafpz V) 3 & ¢ 3

19154105

o
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III

—

Ill

5 AML

=
|

15—

MBH M )
—
oy —
HoH
S/ HS—
—t——

MgH (MSUH)
i
-
——t—>
HilH
——t
&

Orbital period (days)



Progenitors

Current Observation

Q) How can we understand
the population of SXTs ?

Q1) Evolution of BH/NS Progenitor

v

Q2) What happens at birth ?

v

Q3) Evolution of Donor Star

25



Tidal interaction just before BH formation
rapidly
spinning BH

©-0

Synchronization of
BH-Progenitor Spin & Binary Orbital Period
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IﬂBH (Msun)

Reconstructed BH Binaries at the time of birth

15
10
L
zm
5_
n‘§§§ 5 2 éh 5
20 P il - |
AML Nu
15— ]
TR
. $
; E;F . ® |
Fole L] e
0 - s
0.1 ] N

L

Orbital Period (days)

40

02 05 1
Orbital Period [days]

| Current observation
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McClintock et al. (2006)

Rapidly spinning black holes at birth GRS 1915+105
a*>0.98
l | | I | I | | | | | | |
. Shafee et al. (2006) : %
0.8 4U 1543-47 =
L GRO J1655-40 |
% 0.6 — /
% 2 Evolution after BH formation
= 04l
%
02— [ 7M.
| — uM -
—— Woosley’s| 1T TTSGaga..
%l | | | | | | 1 1 |l | | | | | | 1 1 lO

Pre-explosion orbital period (days)
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Evolution after BH formation

0 o 0
2 B 3 £
2 8 £ 2 e
5 35 3 3 qu
| = BN GRS 1915+105
spin-up due to accretion
Bl M, =11
g Woosley’s |
e
Em MHe= 7
5F .
- I
0.1 10

Orbital Period [days]

Kerr parameters for stellar mass black holes and their consequences for GRBs and hypernovae
Moreno Mendez, Brown, Lee, Walter (ApJ 727:29, 2011)
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What if we apply the same evolution to NS binaries

Lee, Park, Brown, Apd 670,741(2007)
Lee, Cho, Nuclear Physics A 928 (2014) 296
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Eddington limit / critical accretion rate

38 M -1

AdreGM
~ erg s

L = ~ 1.3 X 10
Edd p Mo

K = (TT;"\"TA
Thomson scattering cross section or

Avogadro’s number N4

' 2
Leqq = nMgqqc

: 4nGM 1 M
Mgqq = " ~ —045x 1078 (—) Mg yI'_l
ken n Mo
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Super-critical accretion onto first born NS

= Eddington Accretion Rate : photon pressure balances the
gravitation attraction

= |f this limit holds, neutron star cannot be formed from the beginning
(e.g. SN1987A; 10® Eddington Limit).

= Neutrinos can take the pressure out of the system
allowing the supercritical accretion when accretion rate
IS bigger than 104 Eddington limit !
(T >1 MeV : Thermal neutrinos dominates !)

Q) What is the implications of supercritical accretion?

THE ASTROPHYSICAL JOURNAL, 541:918-923, 2000 October 1

HYPERCRITICAL ADVECTION-DOMINATED ACCRETION FLOW

G. E. BRowN AND C.-H. LEE
Department of Physics and Astronomy, State University of New York, Stony Brook, New York 11794
AND

H. A. BETHE
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Case 1

H red giant \ / He red giant

90% of lifetime in main sequence

o

AO @

o
® (e
BO

Formation of nearly equal mass NS-NS binary

2
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Case 2

A h NS with accretion

/ s N5V
A® @ ;/

B @ O H He ;?

+0.2 Msun

oy

+0./7 Msun

Supercritical Accretion: First born NS can accrete up to 0.9 M
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Final mass of first-born NS with supercritical accretion

1.5

Final Mass of First-born NS [Msun]
(N

C.-H. Lee, H.-S. Cho / Nuclear Physics A 928 (2014) 296—-304

TN

\

O\
@
%

| | | | | | | | | | I | | | |

)\.ace — 0.2

observed

A\

llllllllllllll

MSP J0740+6620 |
PSR J1614-2230, PSR J0348+0432 -

observed

‘ NS-NS Binaries

%
2.
D I I i

5 10 15
Progenitor Mass of Companion Star [Msun]

S
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Contents

3. New development in BUD2 Collaboration
- KIDS: new energy density functional
- Application of KIDS to NS properties

4. Prospects
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Courtesy of Chang Ho Hyun (Daegu)

KIDS Nuclear Energy Density Functional

e KIDS Related publication
Korea: IBS-Daegu-Sungkyunkwan Phys. Rev. C 97, 014312 (2018)
Phys. Rev. C 98, 065805 (2018)

Phys. Rev. C 99, 064319 (2019)
Phys, Rev. C 100, 014312 (2019)

e Collaboration

* Model construction

P. Papakonstantinou, Y. Lim (IBS), C. H. Hyun (Daegu), T.-S. Park
(Sungkyunkwan)

* Nuclear structures

H. Gil (Kyungpook) , E. In (Sungkyunkwan) P. Papakonstantinou,
Y.-H. Song (IBS), C. H. Hyun, Y. Oh (Kyungpook)

 Heavy-ion collision

M. Kim (Pusan), H. Gil, Y. M. Kim (UNIST), P. Papakonstantinou,
Y. Kim (IBS), C. H. Hyun, C.-H. Lee (Pusan), S. Jeon (McGill)



PRC 97, 014312 (2018)
Strategy

1. Expand energy density in powers of kp/m,,.

2. Fix g, to p=0.16tm-3, E/A=16.0 MeV, K,=240 MeV of symmetric

nuclear matter (SNM).
3. Fit 3; to the APR EoS of pure neutron matter (PNM).

4. Consider 3, 4, and 5 terms for 3; while fixing o, to 3 terms.
E(p,o)="T(p.0)+ Z (0)/ y1+i/3. p = pPn+ Pp

ci(0) = a; + 6 3;. 0 = (pn — pp)/p

Expansion parameter kp/m : less than 1 even at p = 8p,.

38



Resultl: validity of systematic expansion

* Naturalness: Order of coefficients 10-1 ~ 101

* Dimensionless coefficients

) ) , 14i/3 o\ 3T
Eilp,8) = ¢;(0)prT3 = [(61/_2) Ci (())mf,“] mp (A—F>

'lllp

1+i/3
Y ) Ci (())mlz)+z

fm() =

672

B

-3.6
0=1 -1.1 3.4 -5.9 3.3



Result2: Convergence

Ratio of magnitude of individual interaction term divided by their sum

Pure Neutron Matter E(p,8) = ci(§)p' T/
1 | | | | 1 | | | | 1 | | | |
~ sl 1
K - - - - 1€1 &l === _
08 . 0-8 0-8 1" 151 7 3lsl
' le3l / Z|gj| ===
06 06 |-_ ] 06 B |€4|/Z|8i| .
0.4 0.4 P~ _ -
"
0.2
0
0 0.20.40.60.8 1 0 0.20.40.608 1 0 02040608 1
p [fm™3] p [fm™3] p [fm™3]

(a) P3 (b) P4 (c) PS5



Symmetric Nuclear Matter

1 I T T T 1 T T T T 1 I I T T 1 T I T T
21
0.8 - 0.8 § 1 0.8 4 0.8pF & gl === _
- r . 2 leal / Sl
N . I
0.6 "N,,~ - 0.6 "\'l - 0.6 F "~ . 4 0.6 r '\I'E3I/ZIE'| -
- T ,-__' : ——e " - I T .
0.4 -7 . 04 -~ YT 0.4 e
¢ ’ .-
) ’ R
0.2 I . 0.2 [ 41 0.2 F -
Q |t - f 0 I i il il il 0 4:,-—-1-'-‘1"'
0 0.20.40.60.8 1 0 0.2040.60.8 1 0 0.204060.8 1 0 0.2040.60.8 1
p [fm™3] p [fm™3] p [fm™3] p [fm™3]
(a) S3b (b) S4a (c) S4b (d) S4c

* Hierarchy (|e,[>|e{[>|e,/>...) 1s valid at low densities.

* However, hierarchy 1s better for SNM.
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Result3: Symmetry Energy

250
— P3 --——- V4
o P4 p
£ 200 p5-.-. g
4
o
o 150 "' _____
0 -
LE - "‘b
> 100 o
3 ~
= P
£ 50 /s
> »
o s
0  J

0 0.2 0.4 0.6 0.8 1 1.2
Density p [fm™3]

« No difference up to p ~ 0.6 fm-3 (~ 4p,): Higher order terms (p¢3, p73) are
negligible.
e Marginal difference between P4 and P5 up to p ~ 1.2 fm-3 (~ 8p,): Four terms are

sufficient for neutron stars.
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Correlation between neutron skin thickness r,,, and slope parameter L of 208Pb

0.4 L A B B B B B
Linear Fit, PRL106,252501(2011 .
KIDS @
Nonrelativistic model V¥ ]
Relativistic model ® |
0.35
3
o > //
P o L-=58 =+ 18 NELE-—
& TR PRC82,024321(10") ,/
c S+
| - [ * VQI(T':.
c o D457
- = G2 PC-PK1
KV, O 25 - L3.s '%.__v/,
0 pRis24 @ 7 Vski2 N
- A W- @RHF-PKAL g ~
o - JIVIG(E)IdGSk[DK _ VSkRs © c
"5’ 0.2 D)-l\sl%.) F&'RI— F-PK03 H 2
DD-MF2 SkSM*, SKMP n 4
O KIDS(APR) @ LVGSKI o &
Z MSLO Q
e g WEMISKA © 2
KTV SLyS r II o
SLy4 Q
0.15 v &=
WD15
MSk7Z L =64 + 39
yvy PRL106,252501(11')
0 40 80 120 160

Slpoe L [MeV]



. can be chosen arbitrary, so one can check

In the KIDS model, J, L, Ky, ..

the correlation more systematically.
Qo
S(p)=J+Lx+ %Ksymx2+(’)(x3) K; = Kyn — 6L — FOL' x=(p—po)/3p0
_ two-neutron separation energy S,,
40 I I I ] | I | ] I | J ] I I I I I I | ! | f | | I ] I I | I I ! | ! ] I I I I | I ! |
: EXP. l
Ni-isotopes - J=32MeVandL =40 MeV —-4&- -
, J=33MeVandL=>50MeV --¥- ]
J=34MeVandL=60Mevj ------ 1

K. =-380 MeV, Q,,,,, =-650 MeV

Sn-isotopes
- - Pl

Son [MeV]

g 7Y
*"t i -
* | Y *%*t ! - | "**‘**#tt‘ | -
fhor D N0 N . PO TS S o -7 O D T S Y A0 S S N
60 80 100 120 140 160 180

Neutron number N

For a given K, One find (J, L) combinations that can reproduce experimental S,
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Binding energy per nucleon K. =

E/A [MeV]

6.5

-380 MeV, Q,,,,, = -650 MeV

8.5

7.5

J
J
]

T

Exp. —®—

2 MeV, L = 40 MeV — & -

3 ]
33 MeV, L=50MeV --¥- |
3

4 MeV, L = 60 MeV ---+--

80

100
Neutron number N
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_ neutron skin thickness r,,

Mmp [MeV]

1.5

0.5

-0.5

| | | Exp. —o—
‘ J=32MeV, L=40MeV — & -
K, =-380 MeV, Q,,,,, =-650 MeV J=33MeV,L=50MeV -7 |
J=34MeV,L=60MeV ---+--
—Ca-isotopes —Zr-isotopes
Ni-isotopes :/‘ i
: xix ;7& Sn-isotopes :
| / } 3 ﬁﬁﬁﬁ H Pb-isotopes i
S 21t ;:’rﬁj T
? 4 3 £t
rot et ittt
N ittt
xx, x‘ Yl"f* ;"!-x—ft
x £ 2 X
& -~ '
£ x i
20 40 60 80 100 120 160 180

constraints and correlations of J, L and Ky,

Neutron number N

J and L can be correlated strongly via S,, of neutron-rich nuclei.

e Measurement of r,,,, S,, and neutron drip line can provide more stringent




speed of sound

1.25-
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M/Msun

Result4: Neutron Star

Mass-Radius Relation

2.4
m——— J0348+0432
2 R S N
N 11614-2230
‘\"-...
1.6 "\
b
)
1.2 1
L
"
0-8 P3 R ﬂ.”‘\
P4 s
0.4 PS = = s
0
8 9 10 11 12 13
R [Km]

PHYSICAL REVIEW C 98, 065805 (2018)

e s
289

A, 316 304

arXiv:180511581v1: 70 <A, ,< 580

900
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Neutron star properties
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With RAON & MMA Observation

We developed a new effective model KIDS
We also developed a new transport code DJBUU

With new results from RAON, NICER, and Multi-messenger (GW & EM)
observations, we will be able to have better understanding on the
physics of dense matter and NS properties.

BUD2-McGill Collaboration

DJBUU (DaedJeon Boltzmann-Uehling-Uhlenbeck)

** Daedeon is city name in Korea where RAON will be built
= S. Jeon (McGill) ** developed MARTINI for RHIC/LHC
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Measurement error vs. source distance
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- April 25, 2019 : NS-NS merger candidate (500 Mly, 153 Mpc)
- April 26, 2019 : NS-BH merger candidate (1.2 Gly, 368 Mpc)
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Binary interactions
are always interesting

Thanks




