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A'massa max1ma das estrelas: em equlhbrlo hldf’ostatlco =
ravitacao se 1gualam .

A551m temos que

'Qua~ndo a massa estelar crEsce a convecgao dom;na cada vez e
mal's e também a componente da radlagao ganha 1mportanc1a

-
’

L Lord Kelvm uma estrela totalmente
C’onvectLva (gas+radlagao) |
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Se-a massa cresce.muito, ndo ha solucie
. As estrelas tém uma masst Miaxima . : e
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Fig. 517 Light curves of several SLSN. The carves decay over a few moaths oc even longer, in
some cases even of order | yr [18). Credit: M. Fraser
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1054 was the year of the Gteat Schism, Pope Leo XI died-July 47 3

. and some ambigousg Wr{tlnggwere 1nterpreted as’.

descrrbrng the SN 1054. . but there is 2.3 month 1nterva1 And Worse,

they are-at odds with the Chrnese records .Thc supernova decayed e
"~ 4 mamtudes i 3zveeks (!) By S '

_ Rerhaps the Crab SN‘was a precursor followed by 8. o s
. ; oo core-collapse explosmn

/EN"OI 5K transient!
Core-collapse lightcurve

Day visibility Electron-capture does not
me" "R EEE . explain the Chinese records,
it would be too bright
(Nomoto et al. insisted
on the electron-capture for
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However When the Crab WaS'observed s1nce 182’ rﬁany =
obscurepomts.appea‘red"- SRR e e

CasA N

- A SNR contalns many solar masses, the Crab estlmate 1s -
somewhere between 1 and 7 Msun 4t most W]pat wWe sees a-
| P%/mr Wind Nebﬂ/cz, 10n1’zed.by’the 1n]ect10n of partlcles from thec
central oh}ﬁt ‘Aot-a SNR +Q R S S e @
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The paradlgmatm SN explosmn in .Wthh a pul,a.ﬁ Was b0¢n is
“*just anythlng but “paradiggagic” or “standar e
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Progenitors

Type Ia supernovae > 10M .
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Type Ia (thermor}uclear smgle ot dQuble degenerate) '
Never assocmted.Wlth ) pul&ar .
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Accretlon Induced Coliapse VS. Type Ia MR e e \
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Electron capture must be‘qu1cker than thermonuclear 1gn1t10n .
This may happen if the accretign rate and the mass of the
*-WDs are in a reotrlcted range e
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Thought to be rare because of the e]egtmn of exetic 1sotopes =

(Fryer et 4l 1999) Recurrent 1dea in Asf;aphysics, related to
- 3. .
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'(Wang and Liu 2020) - * & | -
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What a-bout NSSD (Baad,e &.Zchky, 1934)
In the last centyry, after >
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40 yeats of. neutron star studles, the 1dea

HST = ACS
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.. = Neutron Stars

sun

~of a s1ngle mass scale was firmly tqoted in the commu.mty
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However in the last 15 years of SO,
evrdence pomts towards a 1) wider]
range of masses | ;

Double Neutron Stars
some are NOT VA S \pSse. >
compatible with 1.4 Mo R = S

anymore !!!! U o s ./6 b \LS.ROKbd
b g P oy

~ \
. N\ _f

Whlch are . the lessons for us?
Where do these ob]ects form? >
Do they gain mass (b1nar1es°) HOW

e

much’-> ) O 2
Which*are the lowest and hlghest
values? What does it mean for the
; const1tut10n of ﬂEnse matter? .
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. Frequ‘entlst analysrs - .
of the NS mass dls’trlbug.on°
more than one ‘maximurh

— Unimodal 1| -

" . granted T ;':.. ‘;- o — Bimodal

R ¥ s Trimodal
& ' "
-~ = ; ; ’ - 3 ,.
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Bayes1an analys1s , e . - -
- Locat’omf his pe;k Iﬂ;\é’s‘sumed"to be the 30 Value

T S P ~eo i- xof thé u, peak; the MmaX
e | | " .- quite robust and lopks.hke this
- R Wldth of the peak

The MCC aborlthm finds the'optlmal
Values “which dsappen to be _compatible |
with the ones find within the frequentist

ones ., ~1.36 Mo ; w, ~1.8Me | e

o
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_The observed NS d1str1but10n is a Gaussiati b1modal ;

- (Valentlm ‘Rangel & Horvath 2011 -

= C:M. Zhang et.al. 2011 ' :

" Ozel et al. 2012 - SR
Klzﬂtan, Kottas, Yoreo & Thor.sett 2013

W

: Reconstructed mass dtstr1but1on
'from the obsetved data. 2%

SRR I i
“Bayesian. analys1s gwes the position
-of*the ﬁeaks the amplitutles and
the widths within a Gdussidn
. parameggization (R. Valentlm)

‘"

_(m-1.8 Mp)?

If assumed to be the 30 Value
of the‘l,t2 peak .the M., e

max

~ NOTFOUND = -
- Mainly from electromn

)

» capture SN .around 2.5 Mo quite robust
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. e
One step ahead w1th1n the Bayesmn analys1s T o \

Introducmg s as- an ach1t10na1 parameter- - G0

v
‘—_., PR

’Truncated Gaus§1a£’bey0nd m= mmax-

m my - is determlned to bg: =2 5 Mo, although its probabthty 4
dlstr1button depends somewhat on_the pmor This coincidés
- with the naive*3 sigma” freq‘uentlst valtie e T o

Empmcally ge observed d1stu&t10n allows a large\VﬁJe of
nt, . if these are confirrfed:for individual objects, theory.

-max , ;
must aCcommodate they (even if close to the Rhoades Rufﬁm 11m1t)

It also “makes room”. fora 2.5 Mo neutron star,;n GW190814 el

=
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A class of NS systems which may be crucial for the hrgh -mass bin
and the M as an ‘add&tloﬂ’al parameter issue: the - “spldef” systems
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" e '- - ’-4
» . = = : :
7 ; o .
| " . £
e
s - PSR1957420 origin® .~ £ *
“black widow?2: the prev‘iously e
accelerated pulsar is now ablatmg >
- its compamon e L T
i : -
.,- .- 3 .. . - 5 _’_
- . e .’ ? | : - _
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Two 1mportant 1ngred1ents for their evolut10n° back 111um1nat10n
4 .
and ablation ‘by.the plilsar wind- - Yo

(Benvenuto, De Vito & Horvatﬁ’Ap]L 753, L33 2012)

Donor
Initial accreting ablated
~phasey (cl(p se binary)

: tior
o 3.
’ ——————————
; N —@— P=0.75 d -
- - - ' /| —@—P-0804d
g . ! o i ~ —@— P,=0.85 d
Latét:ablation by s
. 3 / P,=0.80 d, a,,= 0.01
? the pulsar wind z

- ==~ P,»0.80 d, a,,~ 0.05

e . - d - . . R
e hlstoryff accretion phase alone
laSts ~Gyt , therefore the nrass transfer

Donor become,s - -

onto the pulsar has to be substantlal (theory) a’ egenerate - G e
; .o ,

S

.
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Tases produce the heav1est ne‘fron stars in Nature
_a.&d posslBlfthe hghtest Black Holes meedlately
m'ax1mum mass value with ~3M0 S

? .

’ X -
= .

Measurements of 17 known observed Redback/ Black Wldow systems

' Error bars are still substantla’& but these systelhs shouldTn some
by accretion,

éove the

' (Horvath et al. Science China 63; 129551 2020) i

“op

-
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ron core
Capture SN : Sered
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“,Thés,e‘boufidaries,_are:‘ :
= 7 metallicity -dependent;”

= mass-loss'dependente--. - . .-

, . ‘aﬂbc"(')nve'ctibn-'clepe’ndeﬁt
7 7 Doherty étal. (2017) -
s e ZRBLALTY +

-
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. Origin of NS masses: sirigle-star evolution .
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. Z s i ' o ', A
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& . O- -Mg- Ne cores of elqctrq.n capture SN are degenerate a,pd of ;
“fixed” mass;, ~"1. 37 MQ 9‘ after emlssmn of the blndlng energy

. e ~'L@itini-ex'&Prakasﬁ__(zoo__l) :

- thé formed NS have essentially a fixed massi~125 Mg -

- - < .o . ¢ & . - -

The lightest NS ever observed is PSR J1453+1559 confpanion with

: -
- -
d , > - -~ .

. - .

. ° L]

.- - 3 E - -

therefore, small iron cores frnom progemtors hﬁvmg M >'9 M@
- must be peruced to obtﬁm N’Ss hghter than electron sEap i SN

-
» . - .
. > - g -~ = .
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£l

= * -" e - S
Or1g1n of NS masses. s1ng1e -star explosrons s |
K. - Q ' b 3
' On the high-tnass, end, we know thét NS w1th M > 2 M@ ~ must be produced
promptl.y, but th1s s diffrcult tﬁeoretlcally s - . -

= - . - ' -4

Iron cores grow well beyond 1: 4 M@
.bécause of finite'entropy - gi

o~

M g.remnant [ M O]

- - =

: s1ngle-progen1tor explos1ons (unles§ there is' something Very Wrong)
However Burrows and co. found magsive NSs from s1ng1e explosrons 2
MRS o Gl el e
_The “1nterm1ttenay” of NS- BH formation is under discussipn by
several groups. Low NS‘masses may-be produced but do ot 4 '}‘ SE
necessarrly come from 11ght prrogemtgrs | ‘ ; ; ‘ S

-~ -

-The hlghest NS masses can not be formed d1rect1y in - e 48

? ) S
: > > " . = .

o
=
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Or1g1n of NS masses bmary star evolut1on and explosrons

TR ‘ - N ~ s A ._ ' » : LTI
TR " ¥ ASLA .Dj - - . .
Commoh evolution*prescription : removal of the hydrogen envelope RS RS

- Pre-SN structure not really known e e

, . - > ‘Extletal. (2020).2 " == =g
étlbstanual fallback now produces heavy NS but for Very heavy prog.enrtors only

~ This could allow a “born mass1ve”€\TS such as. PSR ]1640+2224 e
IDeng, Gao, Li & ,Shao 2020) : " o THe e ‘ oo
_—_ e . .. :

-In both s1nglé'and double star explos1ons the formation of BH
does not'start at-a brg progenitor mass, NSs. a-nd'BHs form' back

'andforth, TR = DAL R e d
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C K.
- T
w N Z s

Where do we stand ? 1Is the “gap” being filled”

-

s Compact Object in GW120814
3 Spiders reach this band

e PSR J0740+6620

fee PSR J1614-2230

The arrow at 13.6 km indicates the
constrants from GW 170817 on
the radius of a 1.4 M, nzutron star

-
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Ast;:ophychal (stellar) black holes 5 2 ‘
4 - s <
; Secondary star ) z
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Accretion diskes BH 6P
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: - X "- #_ . 2 -
: X-ray bursts and NS BHs g e ey 5 |
" .
» ;. 5 4
o 3y gl svive R o ” . 5 "_ 3 i
< i R o N These must be BHs; matter
i P = ,‘ e falls beyond th@horrzon and
v e e - : Iis reduced.:
- - .. A . .’-. : X - - - 4
' P Never obsgved fo burst . -
Y . 1 - ' ' T ; - ‘ ‘ : ; 2 . ~ .' .. : : , -
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What about black hilkks?- . - 2w
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. last update August 2, 2014 ' % - ; : -
1 1 1 1 1 iy - - F YN - o

_ — Many Ye‘ars.agi) (20i#)'
.. PSS - iothing below 5 Mg
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Best Gauss%p fis by Ozel et 31?2010)
Wlth peak at 7,8 +-1.2 My™ and
a 30 lower cutoff around 5 %

-

16 Systems 3 i b & ‘ ) - ' Ccntral ass (MO)

b e

for the known 24 ob]ects i
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= _ - -." S 2
The mem gczp hypothes1s.- e T .
. ..,'_' : . . . e

There are no ob]ects bet’ween 2 and 5. Mg (Bayhn et- al. 1998 -
Fryer et Al 2012), we call 1t a- a’eserz‘ gap. Alternatlvely there can- "

¥ be a deficit —depfw‘eof gczp-) oL A
_Butinfact... - .. *. SEEREREA el e Rl
- recently many cand1dates.appeared o St

N -
. -

Table 1. \{ass Distributions for the 7 New Ob_)ecte Used in This Work

Nama

OCLE-2011-BLC-0463

IMASS 1062156668 4-4359220 comp
V723 Moa comp.

CW 120814 soc.

CW 170817 ram

PSR 10952-0607

PSR 1221545130

_/- *

L]

=

AN(3.79,0.62,0.67)
AN(3.3,1.4,035)
N (3.04,0.06)

N (2.9, 0.06)
AN(2.44,0.13,0.12)
N (2.35,0.17)

-

Raferance

_ MM o :

(Lam ot al. 2022)

(Thompson ot al. 2019)

(Jayasinghe ot al 2021)

(Abbott ct al. 2020)
(Shibata ot al. 2019)
(Romani ot al. 2022)

AN(227,017,0.15) (Liz t al. 2018)
-I

. . There are 3fhers, with less certain.-
Values and uncertalntles, not 1ncluded--

Linares ot al. 2018)

. 4

o

&

2 /_ : i ' -
4 »

Mlcrolensmg source
invthe halo 53 T

“Unicorn? in Monoceros
ik qu1et BH, Lwith™ =
M 3Q4+-006M@,
PSR J#952-0607
Heav1est.N S measured
M = 235 +-017M@‘ :

.‘I
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The candldates in the ]omt dlstrlbutlon NS BH VS. the.
. -" _ e e - LS x ' =
Gap hypothes.ls\ pEa g il ST
» . v G 7 J0952-0607
B ‘ Z‘\'.';::a 5 ’
MRocharetal (2021) % -7 S oo (Mo Sl
3 . W R B _- »- 7 - ; R 3 -
.., '. 1 g i e : % ' : D 5 a - s 2 = f
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