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Nuclear physics: Set by EoS in the core, where ρcore > ρnuc (~2 x 1014 g/cm3)

Astronomy: Neutron star mass measurements (binary pulsars)

WHAT IS 
THE MAXIMUM MASS

OF A NEUTRON STAR?



Neutron Star Mass
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Thorsett & Chakrabarty (1999, ApJ)

21+5 radio PSRs: 1.35 +/- 0.04 Msun

Özel & Freire (2016, ARAA)

35-68 NSs in the 1.2-2.0 Msun range

Mass Distribution

Demorest/Fonseca 2010-16:

1.93+/-0.02 Msun
(J1614-2230, WD, Porb=8.7 d)

� Antoniadis+ 2013:

2.01+/-0.04 Msun
(J0348+0432, WD, Porb=2.46 hr)

� van Kerkwijk+ 2011:

2.40+/-0.12 Msun
(B1957+20, BW, Porb=9.2 hr)



COMPANION
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Neutron stars in binaries

Compact binary millisecond pulsars

(blackwidows, BWs; redbacks, RBs):

� Rotation-powered MSP, wind, gamma-rays
(spin-down luminosity: 1034-1035 erg/s)

� Non/semi-degenerate companion star 
(low/very-low mass, RBs/BWs: ~0.01-0.5 MSun)

� Compact orbit
(Porb <~ 1 day)

•ACCRETING PAST: INCREASED MASS 
(Alpar+ 1982; van Keerkwijk+ 2011, Kaplan+ 2013)

•CLEAN VIEW OF (IRRADIATED) COMPANION
(measure mass: must account for irradiation)

What is the maximum neutron star mass? Bogdanov



Gran Telescopio CANARIAS (10.4 m)

+WHT, IAC80

IAC/Rosenberg

PSR J2215+5135:

4.14 hr orbit

Irradiated MS companion

Massive NS?

Breton+’13

Schroeder&Halpern’14

Romani+’15,16
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A Massive Neutron Star
Dynamical Studies with Irradiation: PSR J2215+5135
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1) Extreme heating by 
pulsar wind: from G5 
(cold/night side) to A5

(hot/day side)!

2) Trace the velocity of 
both sides using 

different absorption lines 
(H vs Mg)

3) Physical model to find 
inclination and masses 

(incl. constr. on TD, TN and 
q = M2/M1 = K2 Porb / 2πx1 c)

KBalmer = 382.8 +/- 4.7 km/s

KMg = 420.2 +/- 6.2 km/s

K2 = 412.3 +/- 5.0 km/s  
TN=5660 +/- 320 K

TD =8080 +/- 375 K

MNS = 2.27 +/- 0.16 MSun

M2 = 0.33 +/- 0.03 MSun

i = 63.9º +/- 2.5º
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2) Trace the velocity of 
both sides using 

different absorption lines 
(H vs Mg)

KBalmer = 382.8 +/- 4.7 km/s

KMg = 420.2 +/- 6.2 km/s

K2 = 412.3 +/- 5.0 km/s  

A NEW METHOD TO 
MEASURE MASS:

‘Empirical’ K correction, 
bracket center of mass!

Peering into the dark side of the companion

K

K
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Peering into the dark side of the companion

COLD SIDE

inferior

conjunction

ASCENDING 
NODE

quadrature

HOT SIDE

superior 
conjunction

DESCENDING 
NODE

quadrature

A NEW METHOD TO 
MEASURE MASS:

Looking at the irradiated 
companion star with 

new eyes.

Magnesium and 
hydrogen radial 

velocities carefully 
modelled, taking into 
account varying line 

strength

KMg

KBalmer
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A Massive Neutron Star
A 2.3 Solar-mass neutron star in PSR J2215+5135
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� A 2.27 [+0.17-0.15] Msun Neutron Star!
(Linares, Shahbaz & Casares 2018, ApJ, 859, 54)

IAC/Perez-Diaz, Hynes

Next:

• Independent & tighter inclination measurements

• Find more (massive?) pulsars (in edge-on orbits?)



Neutron Star Mass
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Thorsett & Chakrabarty (1999, ApJ)

21+5 radio PSRs: 1.35 +/- 0.04 Msun

Özel & Freire (2016, ARAA)

35-68 NSs in the 1.2-2.0 Msun range

Mass Distribution

Demorest/Fonseca 2010-16:

1.93+/-0.02 Msun
(J1614-2230, WD, Porb=8.7 d)

� Antoniadis+ 2013:

2.01+/-0.04 Msun
(J0348+0432, WD, Porb=2.46 hr)

� van Kerkwijk+ 2011:

2.40+/-0.12 Msun
(B1957+20, BW, Porb=9.2 hr)

� Linares+ 2018:

2.27+/-0.16 Msun
(J2215+5135, RB, Porb=4.1 hr)
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Özel & Freire (2016)

Margalit & Metzger (2017)

Impact on nuclear physics and GW astronomy

EQUATION OF STATE:

Only a ‘stiff’ EoS can 
support 2.3 Msun

(hyperons or deconfined
quarks don’t seem able to)

NS MERGERS:

Can they lead to a massive 
neutron star?

(immediate remnant and 
e.m. emission sensitive to 

Mtotal / Mmax; e.g. 
2.74/2.27 = 1.2)

e.g. Mmax<2.17 (90%)
Margalit & Metzger (2017)



Summary
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A 2.3 Solar-mass neutron star

• WHERE: PSR J2215+5135

• HOW: GTC, WHT, IAC80, MODELS

• KEY: IRRADIATION

• NEW: EMPIRICAL K CORRECTION

• IMPACT: EoS, GW NS+NS, …

• FUTURE: INDEPENDENT INCLINATION

• FUTURE: MORE (irradiated) SYSTEMS NS+NS MERGERS:

Can they lead to a long-lived massive neutron star?


