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Where are we with observational constraints?

Overview
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Possibility to make up all of the dark matter

Even If only a small fraction, very
prescriptive for early universe theories

1. How do we produce them?

2. Effect of production mechanism on

3.

observational constraints?
If they don’t make up all of the DM, what
about a combined scenario?




What do we need in order to produce them?
(inflationary origin)



All or nothing

All DM,
0.01 (in some places)

None
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Current constraints on primordial power
spectrum
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Current constraints on primordial power

spectrum
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Feature needs to fit In between small-scale
constraints on the power spectrum
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Ultra-slow-roll to produce a feature

n=~0
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Explore the slope with analytical matching calculations

time




General shape of the power spectrum has a
steepest growth limit

P(K) constant-roll
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Or can we go steeper...

Carrilho et al. 2019 Tasinato 2021

10%

10°}
| 10° | -
101}

102}
| 1000
10|

10*}

| 10
10°}

P/Ppivot (k/kpivot) -

10}

107} - 0.1

10100 10t 1072 103 10% 10° 10° 0.005 0.010 0.050 0.100 0.500

k/ Evivot K/ K,
Ragavendra et al 2020 r

T T T T T T T T

AN3 =20

- AN, =1.0
6 i Ck =07 _
10 r’cz —68 |
i I =-40 |
|
|
|
Pr (T | ; |
_ﬂ ( f) 1000 ~ (k/(]__{O)G P g | ]
-Sz(s (Tk) - / :
8 Mode exit during |
(k/Fo) slow-roll phase : M= -4
1+ | -
|
|
|
I
e e e Y s "P%: [ L ) TS B A A . T BRI L l TR S B
""""" 0.001 0.0050.010 0.050 0.100 0.500

kiHo
Oszoy & Tasinato 2019



What’s the effect on observational constraints?



Current (2018) constraints on primordial power
spectrum
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Current (2020) constraints on the power spectrum
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NANOGrav results update (2023)
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Future constraints (202...) will rule out almost PBHs entirely
(if they formed from large over densities in early universe)

me (MO)
1012 108 10* 10° 10~4 1078 10712 1016 10-20 10-24

10"

1072}

1073+

10-4_

10-5 B

P(k)

10-6 L

1077+

1078} \23.«—-!"‘ _

10-° | ' | . '
104 10° 104 108 1012 1016
k (Mpc™) .
17 Gow, Byrnes, PC, Patil 2020




Is there a fine-tuning problem?
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Is there a fine-tuning problem?
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Multi-field inflation
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Non-inflationary mechanisms may
circumvent some/all of these
constraints




ldeas on how to look for a combined scenario...



 Environmental effects can cause inspiral to either speed up or slow down with
respect to vacuum case

* A dephasing to accumulate, which alters the gravitational waveform from the
binary’s inspiral
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PBHs + DM must form a spike
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Characteristic strain

Combined scenario with future ground-based detectors
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Chance of detecting both with future ground-based GW detectors

% SNR loss N 1 week signals should be enough
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Conclusions

 PBHs are still viable (even as all DM on asteroid range) from an observational
standpoint

 However, they are hard to produce in a generic way and we need to consider
both parts of the pipeline at the same time

* This is so that we respect both direct and indirect constraints

* Given how much information they would provide, worth checking every part of
still-viable parameter space

» (Gravitational wave observations across a really wide range of frequencies will
provide maybe the clearest picture
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Non-Gaussianity and accretion can help a little but
won’t survive next-generation constraints
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Potentials
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Open questions about production

» Single-field vs. multifield inflation?
» Effect of non-gaussianity
e Quantum diffusion

» Jotally different production mechanism? E.g. collapse of cosmic strings or
topological defects
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The rise of the PBH
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Where are we with observational constraints?
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