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By EM before GW
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Table 9

Low-Mass X-ray binary (low-mass companion)

Most Probable Values for Masses and Radii for Neutron Stars Constrained to
Lie on One Mass Versus Radius Curve

Object M (M) R (km) M (M) R (km)
'ph = R rph > R
4U 1608-522 1.52+9:22 11.04102 1.64%05% 11.82+9%%
EXO 1745-248  1.55%%12 10.91+086 134+ 11.827947
4U 1820-30 AT 1091793 1579 11.8249%
MI3 1.4875%, 11.045%% 09017928 12217918
» Cen 1.437%%8 111855 0.994%0%,  12.09%%%
X7 083275, 1325%% 1ol 1139

Steiner, Lattimer, Brown,Ap| 2010

95% confidence limits by using MC sampling (for fixed NS mass)
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NICER Neutron star Interior Composition ExploreR

launch: June 2017, SpaceX

platform: |ISS ELC (EXPRESS Logistics Carrier)

instrument: X-ray (0.2-12 keV)

objective

- structure: neutron star radii to 5%, cooling timescales

- dynamics: stability of pulsars as clocks, properties of outbursts, oscillations,

and precession
- energetics: intrinsic radiation patterns, spectra, and luminosities




Single NS (better constraint) J0030+0451 by NICER

Low-mass X-ray binary (NS binary) Riley 2019 vs. Miller 2019
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H. T. Cromartie, et al.
Nature Astronomy (2019).
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Kim et al., EPJA 56, 157 (2020)



PSR JO740+6620 (by NICER & XMM)

THE ASTROPHYSICAL JOURNAL LETTERS, 918:1L.27 (30pp), 2021 September 10 https://doi.org/10.3847/2041-8213 /ac0a81
© 2021. The American Astronomical Society. All rights reserved.

12.39-'__(1):933 km and 2.072j8.8gg M@ CrossMark
A NICER View of the Massive Pulsar PSR J0740+6620 Informed by Radio Timing and
XMM-Newton Spectroscopy

Parameter Median —1lo +1lo —20 +20 Assumed value
R, (km) 13.933 12.344 17.396 11.342 22.215 13.378
GM/c’R, 0.221 0.177 0.248 0.139 0.267 0.230
M (M) 2.081 1.991 2.174 1.895 2.261 2.080
THE ASTROPHYSICAL JOURNAL LETTERS, 918:L28 (31pp), 2021 September 10 https: //doi.org/10.3847/2041-8213 /ac089b

© 2021. The American Astronomical Society. All rights reserved.

CrossMark

The Radius of PSR J0740+6620 from NICER and XMM-Newton Data
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PSR J0952—0607: The Fastest and Heaviest Known Galactic Neutron Star

Roger W. quanil , D. K_an_del1 , Al_exe_i V. F_ilippenlgoz_ > T_hor_n_as G _B_rink? , and WeiKang Zheng2




Press Release Oct 16, 2017
GW from Binary NS Mergers

GW 170817 (d=40 Mpc)
GRB 170817A by Fermi-GBM
Kilonova/X-ray/Optical Afterglows

10

soon after the announcement of
2017 Nobel Prize

Credit: NSF/LIGO/SSU/A.Simonnet




A new constraints by GW olbservations
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Constraints on Equation of State

prefer soft EoS: GW170817, strangeness
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M. Kim et al. (IJMPE 2020) 12
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Masses In the Stellar Graveyard
LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Black Holes EM Neutron Stars

LIGO-Virgo-KAGRA | Aaron Geller | Northwestern Nov. 7, 2021 (O3b)



Galaxy M87

2000 light years

4000 light years

HST - WFPC2
Radio gtlhtyears Visible

55000t 2z MI87 2561 =S4l
Ef¥C| 65| 2T SEH=
EHT /2019.4.10

VLBA
Radio

NASA, NRAO and J. Biretta (STScl) « STScl-PRC99-43
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Radio: EHT Collaboration eyt
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M| AAAS S5t B
- HHLM ARZ (2003),MIRIS(Multi-purpose InfraRed Imaging System) (2013, M=+ #)
- UFFO(Ultra-Fast Flash Observatory)-pathfinder (2016, =£tCH), ISSCREAM, ... ...

- %‘—i\éﬁ % 2 SO {5 <t (2005~), eh=a="UAFLE LIGO Scientific Collaboration 7t (2009)
- KISTI ChEakAlS 1\0\5'&'51(6836) (2010~), KAGRA Z01 (2011~), Hal ZbMA|

“Icl0lE! 3 AI@ 8 0l8% %2
- Sloan Digital Sky Survey 2104, DESI (235t =4 §fA) &09, ... ...
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CosPA (Symposium on Cosmology, Particle Astrophysics) (2002 ~)

AAPPS-DACG (Division of Astrophysics, Cosmology, and Gravitation) (2015

STCOS(String Theory and Cosmology) (2010~)

APCTP supported programs

APSW (Asia Pacific School/\Workshop on Gravitation and Cosmology) (2007 ~)
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