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SFR & SFE &

e

Model

Data

The SFR is derived from the accretion rate of baryons and the total SFE,
SFRyv = fior X Mb, frot represents the SFE of stars

The accretion rate of the baryon (M,) is from the accretion rate of the dark matter halo (M)

My = fi, x My,

SFRuyv (Mg yr ') = Kyy x Lyv(ergs ' Hz™ 1)

Here, Kyv represents the conversion factor, which de-
pends on the stellar populations of galaxies [33]. In
he standard scenario, this conversion factor takeg the
[\t/alue Kyv = 1.15 x 1072 Mgy yr—!/(ergs™1 Hz‘l)i as-
suming a Salpeter IMF within the mass range of 0.1
to 100 Mg [34]. For extremely metal-poor (Z = 0)
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Can Dark Stars account for the star formation efficiency excess A

DSA at very high redshifts?
DS is strongly constrained by MACHOs too much dark star BH
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JWST high z: Dark Energy-BH coupling?
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@m JWST high z: Dark Energy-EM coupling? >
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Dark Star Engine Power

the standard annihilation cross section’
(ov) = 3 x 10~*°cm?® /s,
WIMP annihilation produces energy at a rate per unit volume
Qpy = niov)my = (o) /my,
The luminosity from the DM heating is

Lpm ~ fQ/QDMdV

There are four possible contributions to the DS luminosity:

Ltot = LDJ\'I 5 Lgra'v c Lnuc - Lcap

fo=2/3 2
Leap = 2myLeqp = 2m, fo / AV pap(ov) [Ty

arxiv: 1002.2233
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“minimal capture” value considered in all our previous papers. Our fiducial :G" 167 e \A.\ % =
cross section is just|below the experimental bound for spin-dependent (SD) = - 102 Mo 1
scattering; the bound on spin-independent (SI) scattering is much tighter: E R ]
ocsr < 3.8 x 107* cm? for m, = 100GeV (Ahmed et al. 2009).| We will 5
show that capture can produce sufficient DM in the star to keep DM heating 10 E E
alive for a long time. The details of our procedure for including capture have = 3
previously been presented in Spolyar et al. (2009) and will not be repeated . 3
here. 5 ; :
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@ WIMPs Annihilation Powered Very Massive Dark Stars
DSA -- DarKk star is not dark! --

SFRuv(Mg yr ') = Kyv x Luv(ergs ' Hz™'), (1) Mo
M/L = 7 (2)
where Kyy = 1.15x 10~ M yr_l/(ergs_l Hz_lg‘is the tot
conversion factor with the Salpeter IMF at 1500 A. Mup
M= [ éamg(m) dm, (3)
Miow
Kuvps  (M/L)ps 1
Kuvpoprr  (M/L)popir’ L= [ &aL(m)é(m) dm, (4)
Migw
TABLE I. UV luminosity-to-SFR conversion factor of stars, Pop III stars and dark stars.
Population Type IMF Type Miow Mup o Z Kuv ) nuv * €x,rad
MO MQ ZQ (errse_:}l,;lz_l) eZI%/Is@ 31/11:1_21 )1
Stars* © Salpeter 1x10"" 1x10* 235 0.02 1.26x10° % 7.94x10°" 279x10°*
Stars* Salpeter 1x107* 1x10®> 235 0.0004 1.07 x 10~28 27T 328 x107*
Pop IIT* Salpeter 5x 10" 5x10% 235 0 2.80 x 1072 | 3.57 x 10%®] 1.26 x 1073
DS, w Cap my = 10 Gev power-law 5 x 10° 1x10° -0.17 0 2.79 x 107%° | 3.59 x 10°°] 1.27 x10°°
DS, w Cap m, = 100 Gev  power-law 5x 102 1x10° -0.17 0 2.59 x 1072° | 3.86 x 10%®| 1.36 x 1072
DS, w Cap m, = 1 Tev power-law 5 x 10> 1x10° -0.17 0 2.70 x 1072 | 3.70 x 10*®*] 1.31 x 1073
DS, w Cap m, = 10 Gev power-law 5 x 10> 1 x10* -0.17 0 3.88x 1072 | 258 x 10| 9.10 x 10 *
DS, w Cap m, = 100 Gev  power-law 5 x 10> 1x10* -0.17 0 3.59 x 10729 | 2.78 x 10%®] 9.82 x 10~*
DS, w Cap m, = 1 Tev power-law 5 x 10> 1x10* -0.17 0 3.30 x 1072 |3.03 x 10*®*] 1.70 x 1073
DS, wo Cap m, = 10 Gev  power-law 5 x 10° 1x 10° -0.17 0 2.28 x 1077 | 4.38 x 10*°] 1.55 x 10~°
DS, wo Cap my = 100 Gev  power-law 5 x 10> 1x10° -0.17 0 2.58 x 1072 | 3.88 x 10%®] 1.37 x 1073
DS, wo Cap my =1 Tev power-law  5x 10> 1x10° -0.17 0 2.76 x 1072 | 3.62 x 10*®| 1.28 x 10~° Lei et al.
DS, wo Cap my = 10 Gev  power-law  5x 10> 1x 10* -0.17 0 1.63x 102 |6.14 x 10®] 217x10°
DS, wo Cap my = 100 Gev  power-law 5 x 10*> 1x10* -0.17 0 2.87 x 1072 | 3.48 x 10®] 1.23 x 1073 2024 Ap),
DS, wo Cap m, =1 Tev power-law 5 x 10 1x10* -0.17 0 3.12x 1072 |3.21 x 10*®) 1.13x 1073 submitted




-- Low z case: SFE <20% --
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@ WIMP Dark Matter Annihilation Powered Very Massive Dark Stars &
DSA /

1071 -
] — z=4 o
— 7=5 'V
z=06 . !
z=7 I Oo
-—T z=8 SFRuv = fiot X ﬁ;fb, ftot = fs + fps, (8)
®)) z=9
©
&
n?u best-fit f 2en (9)
— ; ST M8
g (32) 7+ (38)
© M
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@ WIMP Dark Matter Annihilation Powered Very Massive Dark Stars
DSA
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fective only in completely terminating star formation. This
results in a top-heavy, log-flat IMF similar to those proposed
for primordial star formation (e.g. Chon et al. 2021b).

Our findings provide an explanation for the discrepancy
between JWST observations and standard galaxy formation
models: a higher number of UV luminous galaxies at z 2 10
than expected by theoretical models (e.g. Harikane et al.

2023b). We suggest that a top-heavy IMF may provide a
solution for resolving this tension, as it leads to a higher UV

emissivity. Our results show that UV emissivities and SFEs
in the range of —3 < |Z/H| < —2 are sufficient to match the
number of luminous galaxies observed by JWST. Interest-
ingly, these metallicities are consistent with those observed
for the most distant JWST galaxies.
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2306.11588 3. GR nonsingular BHs

Cosmological coupling of nonsingular black holes

Mariano Cadoni,' ?>* Andrea P. Sanna,’2' Mirko Pitzalis," 2>+ Biswajit Banerjee,® 48
Riccardo Murgia,®* ¥ Nandini Hazra,®* ** and Marica Branchesi® 4t

! Dipartimento di Fisica, Universita di Cagliari, Cittadella Universitaria, 09042 Monserrato, Italy
2INFN, Sezione di Cagliari, Cittadella Universitaria, 09042 Monserrato, Italy
3Gran Sasso Science Institute (GSSI), Viale F. Crispi 7, L’Aquila (AQ), I-67100, Italy
4INFN - Laboratori Nazionali del Gran Sasso (LNGS), L’Aquila (AQ), I-67100, Italy

We show that — in the framework of general relativity (GR) — if black holes (BHs) are singularity-
free objects, they couple to the large-scale cosmological dynamics. We find that the leading con-
tribution to the resulting growth of the BH mass (Mgu) as a function of the scale factor a stems
from the curvature term, yielding Mpu « af, with & = 1. We demonstrate that such a linear
scaling is universal for spherically-symmetric objects, and it is the only contribution in the case of
regular BHs. For nonsingular horizonless compact objects we instead obtain an additional sublead-
ing model-dependent term. We conclude that GR nonsingular BHs/horizonless compact objects,
although cosmologically coupled, are unlikely to be the source of dark energy. We test our prediction
with astrophysical data by analysing the redshift dependence of the mass growth of supermassive
BHs in a sample of elliptical galaxies at redshift z = 0.8 — 0.9. We also compare our theoretical
prediction with higher redshift BH mass measurements obtained with the James Webb Space Tele-
scope (JWST). We find that, while & = 1 is compatible within 20 with JWST results, the data from
elliptical galaxies at z = 0.8 — 0.9 favour values of k£ > 1. New samples of BHs covering larger mass
and redshift ranges and more precise BH mass measurements are required to settle the issue.
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