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Untll the 2000 S every book or paper stated that neutron stars
had a. Characterlstlc mass of 1.4 M® termed ‘canonical” and

beheved to be re
‘1mplod1ng iron Core

Neutron Stars Black Holes

l.ﬂgMmm
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V404 Cyg

| J1118+480
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Figure from
Clark et al.A&A 392,909 (2002)

la;éd to the Chandrasekhar limit of the

Observational Constraints on the Maximum
Neutron Star Mass

Show affiliations

Bethe, H. A. ; Brown, G. E.

We review estimates of the mass of the compact core in SN 1987A
and conclude that the most accurate determination can be obtained
from the known value of approximately 0.075 solar mass of Ni
production in the explosion. With binding energy correction, this gives

an upper limit of gravitational mass of approximately[1.56 solar mass,
slightly larger than Brown & Bethe's previous estimate of

approximately 1.5 solar mass. Observation by Observing System

and the Mmax hypothe51zed
to be near the “canonical”
(Bethe & Brown, 1995)



-+ X-ray/Optical
ONS
= WD-NS
= MS-NS

‘However, things change !
"'NS mass range today
is.much wider - -

| than .ItAusedto ‘be

; Compllatlon of 105

i"measurements by L S Rocha

(see also Valentlm & Horvath, in-
' Handbook ofSupernovae 201 7
" astro-ph/ 1607.06981)

PSR J1311-3430
2.35+-0.17 Mg

Massas

(Romani et al. 2022)




The analy51s of the observed NS dlstrlbutlon is a Gaussian
blmodal ora 1more complex multlpeak expressmn :

- (Valentim, Rangel'&HOrvath_ZO'lil ;
-~ C.M:.Zhang etal. 2011

. Ozeletal, 2012 =~

A K1z1ltan et al 2013)

25 'Baye51an analySIS gives the posmon
:‘of the peaks, the amplitudes and

= .the widths w1th1n a Gaussian
i parametrlzatlon (R Valentlm)

_(m—1.25 Mg)*

E 2 i 2
4 : Am—iA o) Bdg n-i8Mph

2
202

Mainly from electron
capture SN (Schwab, Podsiadwolski
& Rappaport 2010)



A max1mum mass 1nferred from the same ex1st1ng sample

The avallable sam;ﬂ/ y1e1ds a 30 Mmax ~2 5 M@

1.00 125 150 1.75 200 225 250 275 3.00 S
m(Mo) d

~ Posteriori' curves of the . = = ¢ Margiﬂalize_'d distribution of
105 NS sample with a truncatlon . the truncation parameter
- parameter IR N

The same value emerges if a truncation parameter | is
determined, its more likely value is almost the same |2.59 M,



Wthh are the heav1est NS"- Splders 1n the garden

“‘

.1988: Fruchter, Stlne g & Taylor (Nature 333 237 1988) found an ecllpsmg ,
| pulsar thh a. Very low mas$ companlon belng ablated by the wmd X

A CompOSIte Image from Cbana’ra (2012)
PSR 1957 +20 system

,“/' PSR J1719—1438

—e— P,=0.75 d
—@— P;=0.80 4d

—e— P,=0.85 d

P,=0.80 d. «,.= 0.01

Redbacks

P,=0.80 d., «, = 0.05

M. Roberts, arXiv:1210.6903 Benvenuto, De Vito & Horvath 2012



Splders have a~few Gyr age

J1723-2837

: J1622-0315
IOIlg aCCI‘etIOIl hlStOI y ERRR 11417 .7-4407
. J2339-0533
o b X AV RN J1023+0038
e a A AN R J1306-40
AT R SR ICEUSH T er J2129-0429

J1301+0833
Bl J1816+4510

ngh NS masses expected p. j

0427.9-6704

g J1048+2339

. J0846+2820
‘M, =235+017My EEEE
pST (®)5 350 J1311-3430
J2215+5135

. ‘Romani etal. (Ap]Lett 760,1.36, 2022)
reported for PSR]1311 3430 _ ‘

\

0.5

: fRedback mass evolutlon
_.calculatlons for several
values of the initial perlod
-.and ed accretion efficiency
of 0.5 yleld
(Benvenuto & Horvath 2013)




Another recent individual case of a very high mass

PSR J0952-0607: Tightening a Record-high Neutron
Star Mass

Show affiliations = Show 2 more authors ROmanl et al

Romani, Roger W. (ip) ; Beleznay, Maya (ip ; Filippenko, Alexei V. (iD ; ... Ap] 996 ld 101
(2026)

We report on new orbit-minimum photometry and revised radial-velocity fitting that
on star (NS) in pulsar PSR

Inusually low magnetic

, lIkely connected wrth its hrgh

And there is yet another candldate to the hlghest mass on the
market (not yet conflrmed unpubhshed) |

- Long-Term Timing of Pulsars in NGC 6440An Udated Mass
| Limit of Millisecond Pulsar J1748-2021B

l Author

Clifford, Nick, Astronomy, University of Virginia 0000-0002-5694-4110

Advisors
Ransom, Scott, Department of Astronomy, University of Virginia

BN Abstract

After 11 years of continued observations with the Green Bank Telescope (GBT), we present updated
timing solutions of 6 previously published pulsars in NGC 6440. We obtain improvements in timing
parameters that allow us to better describe the dynamics of the cluster, such as measure the proper motion 9
the pulsars and and estimate the cluster’s motion (pa=-1.04(20) mas yr-1, p6=-3.0(2.5) mas yr-1). Using
additional observing bandwidth, we measure the flux densities and spectral indices of each pulsar and
investigate the effects of refractive scintillation on the variance of each pulsar’s flux density as a
function of observing frequency. For the eccentric binary millisecond pulsar (MSP) NGC 6440B, we
report on a much more precise rate of periastron advance, w= 0. 003684(21) r—1, which if purely




oot an

PSR J0952-0607
PSR J1311-3430
G3425

2MASS J0521+435
MAXI J0637-430
GRS 1716-249

3A 1524-617

GRS 1009-45

GX 339-4

GRO J0422+32
XTE J1650-500

MAXI J1659-152

GW170817
GW190814
GW200115
GW230529
0 1 2 3 4 5 6 7 8 9
Mgy (Mg)

The Mass Gap'may be a depleted region, but by no means ‘empty
(de Sa et al,, Ap] 941, 130 (2022)). We see it as a statistical anomaly

However, it is now more difficult than before to separate NSs and BHs
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“The pr01ected semlaX1$ has not been
rehany measured' ~hence there isno-

Mass estlmatlon usmg ]ust Kepler’ S laws

Known for ~'50 yr.

" The cempanlon is a 0 07 M@ WD

,....

Wy .

.

: ’ &

.

v
N 2 1 . . < .
. x
. ~ S . *
i \ "
. .
.
.« S
¢ ot s . .
. - . 'I L
Y .
e \ '
< .
e . g .

~,?-: =~'- : :
- 'ROSAT PSPC

- 4U 1820-30 Pointing
9.5—1.5 keV ;
" 40 arcmin uﬂ-a:ds"
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The “to_uchdown ﬂ_ux" ‘methoid s

‘\‘ B

dhood ao

. Durmg an X—ray buré the photosphere expands (PRE) and then
shrinks to return :to the surface (assumptlon) This is the touchdown

" point and the ﬂux reaches a max1mum 1"7'TD related to the Eddmgton

~limit. L ' 5 -

“During the cooling ta11 the em1tt1ng area A can be estlmated
assummg a black body spectrum 9 radlus and mass

GMC(1 ZGM)l /2
kD> Rc? ’

. N ..
| opacity P Distance to
s (atmosphere) the source

F T[}_, o0 —

Rc?2

Bl ~1
Maximum 7T, A= =f. —4 K ( ZGM) :

U'Tbb o

Color correction

Temp kT (keV)




; Usmg this meth /d/Guver et al (2010) measured for the |

 mass of4U 1820 30

-+ Later eorreeted (Ozel et"‘aﬂl.‘ 2016)to b

}JI"

BEEREN [/~ 1.77 7025 M, [

dhood ao

One 1mportant questlon is whether the touchdown happens 250

 when - 7on =R questloned by Stelner etal. (2010) In fact
Kim et a} (2021) studied the problem and concluded that

. This may be one of the problems to be resolved
to pin down the mass



The QPO ISCO method -

dhood ao

Innermost stable
circular orbit (ISCO) -

. ’ &)urce of quasi-p s
- / SR A(0P0) v 200 500 Q200 2000 50040
" ¢ FREQUENCY {

Pa1rs of Qua51 Perlodlc Osc111at10ns have been detected in many
-sources. Independently of the exact mechanlsm that produces -
the pair, the highest frequency one is often assoc1ated with the

Innermost Stable Circular Orbit (ISCO)



In the case of 4U 1820 30 the QPOs __

saturate, 1nterpretecf as ev1dence that
- The ISCO has been reached (Kaaret et -
& 8k 1999) | -

-
o
=
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o

_The hlghest frequency QPO at. :
1065 Hz gives a direct estlmate of the
. ' Mass of the non- rotatlon compact ob]ect |

_ | However, 4U 1820 30 rotates at 716 Hz . |
(Jaisawal et al. 2024), therefore the full Kerr metrlc must be used
(Hartle & Thorne 1968 Abramowwz et al 2003) ‘

(hold on...this will be important soon...)



Léte'ét newsv;afarom.?lUf 1~82 O'-3.0
X laria etal. (2026) reported an absorptlon llne @ 3. 8 keV seen

- with NICER and 1dent1fied as hlghly 1onlzed Fe, y1e1d1ng
- 1+z—172 e 2N

R/M 4.46+0.13 km/ M

The compactness

; Taklng 1nto account the 716 Hz rotatlon thls results ina
- constralnt 1n the M R plane in the form of a wedge =

We compare all three (touchdown ISCO and Fe 11ne) w1th the

95% confidence contour derived from NICER i in the same plane
(Brandes & Weise 2025)



dhood ao

<\ 95% NICER BB
B contour

- Range of Z i
corrected for | /i
1. 716 Hz g
Rotation
(Kerr metric)

The ISCO and Fe line are con51stent with each other only (o) - 8
very hlgh Value of the mass (Roger Romam smlles .we to0)
inside the red sector. L

The touchdown value is inconsistent with both.



Conclusmns

.» The* accepted” maa( um mass went B Arcwe wrong
“from ~1.5 M@ to ~2 M@ ,then to ~2 2 SRS  2bhout Mmax 2?7
.'Mg hutitis surelylarger than thls e e

(2 5 Mg 7) el P St

o g e

A you. have to bet your money on. a hlgh-
‘mass search, spidérs have the best odds

¢ (recycled m1ll1second pulsars too)

* Therei is no mass gap, several ob]ects are

- 1ns1de the>2-5 M@ ? although the'i lssue of

M. blurrs the separatlon NS-BHS |

- Methods other than Kepler S. law

(touchdown, QPO ISCO, redshlft) must be
revised to achieve crossed reliabilty

Supemsed by Rodin (1907)



