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The problem

Could WR-COs be the progenitors of GW-merging BCOs ?
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Why WR-COs?

.
. .
. .
-----------

Wolf -Rayet Black hole /
Neutron star

¢/  WR: BH/NS progenitor ¢/ BH/NS already present

Crowther+2010, Belczynski+2013, Esposito+2013, 2015 Liu+2013, Maccarone+2014, Laycock+2015, Koljonen+2017, Binder+2021, Veledina+2024
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Why WR-COs?

Wolf -Rayet Black hole /
Neutron star

¢/  WR: BH/NS progenitor ¢/ BH/NS already present
¢/ WR: proxy of mass transfer? X Mass measurement: is a BH or a NS?

¢/ X Only 7 WR-CO candidates so far!

Crowther+2010, Belczynski+2013, Esposito+2013, 2015 Liu+2013, Maccarone+2014, Laycock+2015, Koljonen+2017, Binder+2021, Veledina+2024
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The method

Population

+ Parameter exploration
synthesis code (96 combinations)
O z CCSN Natal kicks
2.0x1072 Maxw. (6=265 km/s)
2-5 M _ mass gap
1
1.4, X102 Maxw. (6=70 km/s)
no 2-5 Momass gap
1.4, X103 Maxw. (+ fallback)
Iorio+2023 3 compactness param.
1.4, X107% Maxw. (+ ejecta mass)
“ https://gitlab.com/sevncodes/sevn
0’Connor&Ott 2011, Hobbs+2005, Fryer+2012, Atri+2019,
Fryer+2012, Mapelli+2020 Giacobbo&Mapelli 2020
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https://gitlab.com/sevncodes/sevn

The results

Could WR-COs be the progenitors of GW-merging BCOs ?

YES! QO @ @ ©
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The results: BCO progenitors

BNS
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The results: BCO progenitors

2 96%

BHNS
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The results: BCO progenitors

2 99% O
(Z21.4,x1073) 2 96%
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The results: BCO progenitors

2 99% O
(Z21.4,x1073) 2 96%

~ 80-90%
(Z=1.4x107%) -

BBH BHNS
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The results: BBHs at Z=1.4 x 1074

Qe =) (@e —) @ e — (@9

MS - BH mass transfer WR-BH BBH
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The results: BBHs at Z=1.4 x 1074

~ 80 -90 %
O_ ............ ' ::> ° ' ::> o ............ ' ::> @
MS - BH mass transfer WR-BH BBH
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The results: BBHs at Z=1.4 x 1074

~80-90%
O_ ............ ' ::> ° ' ::> o ............ ' ::> @
MS - BH mass transfer WR-BH BBH
~10 - 20 %
=) @se =3¢ o (@9
“missed WR” -BH CCSN BBH
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The results: BBHs at Z=1.4 x 1074

~80-90 %

0.0 — (@9

MS - BH mass transfer WR-BH BBH
~10 -20%
“missed WR” -BH CCSN BBH
H envelope ~2-50 % Mstar
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The results: do most WR-COs produce BCOs?
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The results: do most WR—COs produce BCOs? Not really...
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The results: fates of WR—-COs
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The results: fates of WR—-COs
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The results: fates of WR—-COs
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The results: fates of WR—-COs

QCE =1 OCE =3
............. = W s 9.

010774 = 1| 1
- : T i\ =
z 13 T " SRE: 22
o == _
©10-2
o |
= I i
i
o
£10-3 N
.';3 A 4
Q
®
= i

104+ . ; ; — , . ;

0.00014 0.0014 0.014 0.02 0.00014 0.0014 0.014 0.02
Metallicity Z Metallicity Z
Y WR-CO to BBH L WR-CO to BNS 4  WR-CO to BHNS ¢  WR-CO to all BCO

Erika Korb Wolf-Rayet — compact object binaries: the road to gravitational wave mergers



The results: evolution

BBH
S ﬁa'ﬁsﬁet ~~~~~~~~~~~~~~~~~~~~~ R ,
a / BHNS
MS-MS Stranster @
Mass g
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The results: WR—CO properties
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The results: WR—CO properties
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The results: Cyg X-3 candidates

Cyg X-3:

the only WR-CO candidate in the Milky Way

proposed as BCO progenitor

probably hosts a BH
P = 4.8 hours Singh+2002
Mz =8-14 M Koljonen & Maccarone 2017
MCO <10 M@ Koljonen & Maccarone 2017

Esposito+2015

Belczynski+2013

Zdziarski+2013
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The results: Cyg X-3 candidates [ P=4.8hours Singh+2002
MWR = 8-14 MG) Koljonen & Maccarone 2017
3 M.,<10 Mo Koljonen & Maccarone 2017 )
WR-CO beginning WR-CO end
A To BBH
a To BHNS
10 To BNS & A

To NSBH

—1
10 107 102 107 102
Mwr + Mco [Myg) Mwr + Mco [My)
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The results: Cyg X-3 candidates

WR-CO beginning

[ P =4.8hours

M = 8-14 M,
Mco< 10 Mo

WR:—CO end

4 To BBH e Cyg X 3 to BBH
104 To BHNS ¢ Cyg X-3 to BHNS
To BNS & - ¢ Cyg X-3 to BNS &
To NSBH @ Cyg X-3 to NSBH
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The results: Cyg X-3 candidates

not a frequent WR—CO configuration (< 1/ 1 000, most optimistic)

more likely BCO progenitors with respect to WR—COs (that are ~5% at Z )
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The results: Cyg X-3 candidates

e not afrequent WR-CO configuration (< 1/ 1 000, most optimistic)

o more likely BCO progenitors with respect to WR—COs (that are ~5% at Z )

-

~40-60 % of Cyg X-3 candidates are BCO progenitors
| 2 70-100 %
WR-BH @. > ,,
. $10-60 % U )
WR-NS @ >

/
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The conclusions

Most BCOs evolve from WR-COs ...
but few WR-COs become BCOs

o
®
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o1}

WR-BH WR-NS
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The conclusions

Parameter exploration
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The conclusions
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Backup slides




WR-COs: the key BCO progenitors
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WR-COs: the key BCO progenitors

CCSN + natal kick models CCSN + natal kick models
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BCO progenitor

. d promising

Cyg X-3
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Cyg X-3: changing the CCSN model
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The 7 WR-CO candidates

Host galaxy Name

[Mo]  [Mg]  [hours] [Gyr] [Za]  [Mpc]
Milky Way  Cyg X-3 3-10® 8142 48P 0.02 0.92 0.00741
IC 10 IC10 X-1 - ¢ 17-354 349 35 0.22 0.70
NGC 300  NGC300 X-1 13-21F 15-268 328f 29 019  2.02
NGC 253 CXOU J004732.0-251722.1 - - 1452 03 0.24 3.0
Circinus CG X-1 - - 7.2 1 0.05  0.10 4.2
M101 M101 ULX-1 8467 17-197 196.87 348  0.17 6.9
NGC 4490 CXOU J123030.3+413853 - - 6.4% 0.04 0.23 8.55
2 Koljonen et al. 2017 P Singh et al. 2002  ©S. G. T. Laycock et al. 2015
d Clark et al. 2004 € Silverman et al. 2008  Binder et al. 2021
& P. A. Crowther et al. 2010 " Maccarone et al. 2014 B.ased on
I Esposito et al. 2015 J Liu et al. 2013 ¥ Esposito et al. 2013 Esposito et al. 2015




Natal kicks

Hobbs+2005, Atri+2019

Vkick = fcr

Frver+2012

Vkick = fo=265 (1 — fp.cosN)

Giacobbo & Mapelli 2020
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WR-COs to BCOs: role of metallicity and natal kicks
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WR-NSs to BCOs: role of metallicity and natal kicks

CCSN + natal kick models

CCSN + natal kick models

A

A

Z =0.02 Z =0.014 Z =0.0014 Z =0.00014
7 dM265 N N {ENNNN | ANNUNNNANNNRNNNNY
rM265 RN N | ANNN AR
cM265 N N L ANNN AR
dM70 L\ LA\ | ANNANNNN I NNNNNNRNNNNNNN
rM70 R | NN BN AR
cM70 L AN L AN | ANNNNNN AR
dMfb L\ L\ | ANNNN | ANNNNRNNNN NN
rMfb LN LN | ANNN AR
cMfb LN\ N | ANNN ANNNNNNNNNNNNNNNNN
dG20 L_ANN AN\ BRI | ANRANNNANRNRNN
rG20 L NN LN\ | ANNNNNAN AN
cG20 L__N\N L__N\ I\\\\\\\ AR
0 02 04 06 0.8 10 0.2 04 06 0.8 10 0.2 0.4 10 0.2 04 06 0.8 1

\ frate (WR-NS) frate (WR-NS) Frate (WR NS) frate (WR-NS)

EEE BNS B No-GW BNS Broken BNS EEE BHNS s No-GW BHNS Broken BHNS \\ Other

Z =0.02 Z =0.014 Z =0.0014 Z =0.00014
(" dM265 NN \ DN INNNNNNNEE . AANNRRNARRASNNRNNNRNNNNY
rM265 N LN\ INNNNRNNE ANUSARRARRNARRNRNNNNNNN
cM265 . ____NNN INSNNRNRNE ANNNRARNRNNENNNNNRARNNN
dM70 L AN\ L NN\ L ANNNNNANNNNE - ANNANNASRNNNNANNNSNNNNN
rM70 L INNNNN EONN | ANNNNRGRNANEE . ANNARNENRNNRANANNRNNNANN
cM70 | ANNNNN NN [ANNSNNNNNNNNNE ANSNNNNNNRNNSNANNSNNNNANNY
dMfb L ANNN L AN\ INNNSNNNNE,  ANNNNRRANNNNRNSNNNNNNANN
rMfb L N\N L NN\ DNNANNNNEE ANANRNNNNRNUNNNNRNNNNNNY
cMfb L ANNN AN\ INNNNNRNNE ANSNNNARRENRNNANGARNNNNN
dG20 L N\NA\N NN L NNNNNNNNRNNEE . ANNNRRNNNNNRNNN NN
rG20 NN\ \\\\\\\ [ANNRARRNANRANEE ANRRARNANSANRNN RN NN RNN
_ cG20 L NNNNANN e SONNNNY K\\\\\\\\\\\\\ AOSNNNRNNNNSASNNNNUNNRNG
0 0.2 04 06 0.8 10 0.2 04 06 0.8 10 0.2 04 0.6 10 0.2 04 06 0.8 1

frate (WR-NS) frate (WR-NS) frate (WR— NS) frate (WR-NS)

N BNS B No-GW BNS Broken BNS BN BHNS W No-GW BHNS Broken BHNS \\" Other



The results: Spins

Most BBHs from
WR-BHs

Spin model for BBHs
from WR—-BHs
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Prediction of BH spin
distribution
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Mass transfer: stable or unstable?
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