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A First, something different about stars
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How much dark matter needed to change a star?
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Luminosity (log Lg)
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Herzsprung Russell Diagrams
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Main Sequence Lifetime (Gyr)

Main Sequence Lifetime of WIMP burners
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The First Measurement of Spectral Lines in a Short-Period Star

Bound to the Galaxy’s Central Black HolefCA Paradox of Youth)

A. M. Ghez"?, G. Duchéne!, K. Matthews®, S. D. Hornstein', A. Tanner', J. Larkin', M.
Morris!, E. E. Becklin', S. Salim®, T. Kremenek!*, D. Thompson®, B. T. Soifer?, G.

Neugebauer®, . McLean!
HeEE cheat A. M. Ghez et al 2003 ApJ 586 L127

We have obtained the first detection of spectral absorption lines in one of
the high-velocity stars in the vicinity of the Galaxy’s central supermassive black
hole. Both Br v (2.1661 pm) and He I (2.1126 pum) are seen in absorption in
S0-2 with equivalent widths (2.8 £ 0.3 A & 1.7 + 0.4 A) and an inferred stellar
rotational velocity (220+£40 km/s) that are consistent with that of an O8-B0
dwarf, which suggests that it is a massive (~15 M), young (<10 Myr) main
sequence star. This presents a major challenge to star formation theories, given
the strong tidal forces that prevail over all distances reached by S0-2 in its current
orbit (130 - 1900 AU) and the difficulty in migrating this star inward during
its lifetime from further out where tidal forces should no longer preclude star
formation. The radial velocity measurements (< v. > = -5104+40 km/s) and our
reported proper motions for S0-2 strongly constrain its orbit, providing a direct
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L0 L " 2 One possibility is that such a star could reach the end of its main
S =M sequence lifetime during the migration, arrive at the Galactic cen-
tre and then begin capturing large numbers of WIMPs. If burning
3 WIMPs during its post-main-sequence evolution made such a star
= Se— s heoin to resemble an OB or Wolf-Rayet star, or revert to looking
------ . outwardly like a main sequence star, this could provide an addi-
tional explanation for the dense stellar discs or the S stars, respec-
tively. We will consider the prospect of post-main-sequence dark

stars in a later paper.

Whilst such an explanation for the Paradox of Youth must be
considered improbable, it is interesting to remember that the S stars
are indeed on more elliptical orbits than other stars at the Galactic
centre, which would be consistent with them having accreted far
more dark matter than others (Zhu et al. 2008).
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What about Primordial
Black Holes?
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Belliner et al
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A Nicolas Esser analysis INCLUDES:
A Energy flow in accreting matter flow

A Nuclear burning in accreting matter
flow

A M, < 1% g radiative diffusion is
efficient,

A 10%1g < M, < 1(’8g invisible Bondi
Accretion

A 1028 g < M, nuclear reactions
enhanced, Eddingtonlimited

A Alsoimportant points about rotation.



Gottlieb et al 2606.02700 @FsH Star

If PBHspins up enough to

form a disk, the black hole = A
explosively disrupts the star.

If not, then it simply gives the

. (1) 2 (3)
star a quiet death Primordial black hole (PBH) Migration toward Bondi accretion
capture by main-sequence star stellar core from star core
Accretion Disk Jet Magnetic Cocoon Stellar
disk wind surface |

Explosion

(4) (5) -
Rotating accretion Disk wind Cocoon formation
disk formation and jet formation and explosion

~ (4)
. Quiet death
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A Maybe this is the last word on
this subject?

AAIJI 6¢ Gt W RAYGEC
on PBHs onDSphmore
Interesting and robust?




Pulsar Timing Array
(PTA)

Gravitational Waves creat
arrival delay across the sk
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Hellings—Downs spectrum
Power-law posterior
== == Median power-law amplitude; y = 13/3
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Simplest Interpretation is SMBH Coalescence
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How to Make a Supermassive BH?

SMBHSs from mergers of intermediate-mass BHs (IMBHs)?
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stellar seeds , * B i protogalaxy
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1 0 2 generation stars =
0 Direct collapse
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Population Il star

Picture from quanta magazine



Direct
Collapse
Black Hole
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Picture from Wikipedia



Big black holes could also be
produced conceivably during
Inflation

¢ log,o My /M,
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Kristiano and Yokoyama arXiv:2405.12149

Strong constraints from
things like the CMB and
structure formation

Our paper 2408.11098 log,, k,/Mpc ™



Our Approach

A We use Extended PressSSchechter
formalism to model merger rate of
galaxies

A We assume a constant probability for
BH mergers

A Can explain relationship between
masses of BHs and the stellar masses
of their host galaxies



Star and Black Hole Formation

]- E
0.500f

e Stars form from cold gas only

0.100 L
0.050f

] JI( i"f'lll.

® Supernovae eject cold gas 2oto]

0.005¢

® Black holes can form from 0001 o ..
_ 9 10
either hot or cold gas 10 10

1011 1012 1013 1014
MM,

_ _ }‘;,_,] = cold gas fraction ejected from halo by SNe
® Peak in star formation Jeolq = fraction of remaining gas that is cold
followed by BH formation frem. = fraction of gas remaining after star

formation and SN feedback
f« = fraction of cold gas used for star formation
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ppu = 1 ppu = 0.1
ore
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/f =
26
=
=
55
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M..cq IS the mass of the seed halo
M4 IS the mass of the BH in the seed halo
Pey IS the probability of BH merger when halos merge
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We need more data
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| The rise of the galactic empire: luminosity functions at =z ~ 17 and z ~ 25 estimated with the
MIDIS4+NGDEEP ultra-deep JWST /NIRCam dataset
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A Luminosity Function is decreasing at higher redshifts, as expected
A However, higher than expected beyond a redshift of 10.



