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Evolution® of Pop Il Stars
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*MESA v12778 Paxton et al, arXiv:1710.08424 [astro-ph.SR]
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Outcome of Pulsations
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an we Change the BHMG?

¥ New light degree(s) of freedom are produced in the core of a
massive star during helium burning

¥ This additional loss channel causes the star to consume fuel more
~quickly and end helium burning earlier
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Reactions In Pop Il Stars

Main nuclear

° . \ ° ° °
reaction: C ignition

13 *MESA v12778 Paxton et al, arXiv:1710.08424 [astro-ph.SR]
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Reactions In Pop Il Stars

Main nuclear
reaction:

Subdominant but C ignition

Important:
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*MESA v12778 Paxton et al, arXiv:1710.08424 [astro-ph.SR]
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Implications for Oxygen Production
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Implications for Oxygen Production
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Implications for Black Hole Masses

Electrophilic axion: m, < keV,Z = 107" Photophilic axion: m, < keV,Z = 107" Hidden photon: ma = 1072 eV

Mass gap Mass gap

Astrophysical BH Astrophysical BH
iIncreasing [ iIncreasing [ Increasing [
coupling coupling coupling

larger coupling to new physics & larger black hole mass
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SM Uncertainties

Environment

also rare events:
pre-/post-collapse merger
accretion after formation
retention of H envelope
binarity

rotation

=

S8 Farmer et al..
1910.12874

(2" errors)

Physics
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Surprisingly Massive: SM vs BSM

SM physics BSM physics

¥ Mgumc is at the value predicted by ¥ Mgy is not as expected from

the SM-only calculation* SM-only calculation: objects Oin the
(SM) mass gapO form from isolated

*unless ~5" deviations from nuclear rates or major differences in

stellar physics wrtto MESA - @yolution, No rare process required




LIGO Observations: Oct 2020

Masses In the Stellar Graveyard

in Solar Masses
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EM Black Holes

EM Neutron Stars

LIGO-Virgo Neutron Stars

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern




Black Hole Population Statistics

with GW190521 | with GW190521
without GW190521 | without GW19052.




Black Hole Population Statistics

with GW190521 Baxter, Croon, SDM, Sakstein

. @ApPJL & 2104.02685
(19) (20) without GW19052]
pmymy! !y b SR .
dMgy dMgH
_ P(xIH) _
/ [ PHIX) = PH) (1 + PO ~(They™ 1))
BELs lonmed. rom OpollutantsO (#<1)
Isolated stellar
evolution
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Black Hole Population Statistics

with GW190521 Baxter, Croon, SDM, Sakstein

| dN(lg) dN(Zg) without GW19052] @APJL & 2104.02685
PMy, M0 2y - + " .
( ) aMg dMgH
/ [ P(HIX) = P(H) <1 + PO *(Pg‘(,'j;) 1))
BHs formed from Opollutants® (#<1)
Isolated stellar
evolution
xkcd.com/2059/
feddil

| : '
dIVIBH ' dM. dMBH(#)/dM* ———___this is exactly what
we get from MESA!
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g4 Narrow range of

BH masses
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wwe=34 narrow range of
ototveenl BH masses

wide range of stellar masses

E followed
Immediately by
the mass gap!
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Black Hole Population Statistics

dN(19) dN(29)
dMBH dMBH Baxter, Croon, SDM, Sakstein

@ApJIL + 2104.02685

after GWTC-2 p( b lb o

[3exible btting function with a sharp peak followed by a gap:




Black Hole Population Statistics

AN N
dMBH dMBH Baxter, Croon, SDM, Sakstein

@ApJIL + 2104.02685

after GWTC-2 p( b lb o

[3exible btting function with a sharp peak followed by a gap:




Black Hole Population Statistics

©dN@9 N

after GWTC-2 p( m, m, ! 1 ) " d|\/|—BH +

dMBH Baxter, Croon, SDM, Sakstein
@ApJL + 2104.02685v2

with GW190521
this work: Eq. 7
T LVC: PL + peak

without GW190521
this work: Eq. 7
T LVC: PL + peak

dN/dMgg (arbitrary units)
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Black Hole Population Statistics

| adN(19) dN(29)
after GWTC-2 p( b lb a ) :

dMBH dMBH Baxter, Croon, SDM, Sakstein

@ApPJL + 2104.02685v2

pm (LVC)
My (LVC)
"1 Mgpwg (this work)
Mgamc (SM £ 10)
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PROTIP: IF YOURE NOT SURE WHAT TO SAY,
TRY “S0 IT HAS COME To THIS "—IT CREATES
INSTANT DRAMATIC TENSION AND 15 AVALID
OBSERVATION IN LITERALLY ANY SITURTION.
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Conclusions
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Conclusions

¥ LIGO is in the middle of its Odiscovery bumpO
N we are learning so much more about the

Universe all the time!

¥ Physically motivated mass functions will soon
reveal intimate details of the black hole
creation mechanism

¥ The future Is exciting!
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