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THE YCDM IDEOLOGY
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PRIMORDIAL PERTURBATION EVOLUTION
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PRIMORDIAL PERTURBATION EVOLUTION
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PRIMORDIAL PERTURBATION EVOLUTION
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Perturbation Horizon Crossing
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Figure 7.2. The linear evolution of the gravitiond@ootential &. Dashed line denotes that the
mode has entered the horizon. Evolution through th¥shaded region is described by the transfer
function. The potential is unnormalized, but the rel$ive normalization of the three modes is

as it would be for scale-invariant perturbations. Herlaryons have been neglected, 2, = 1,
and h = 0.5.

MODERN
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Figure 7.4. The power spectrum in two Cold Dark [atter models, with {ACDM) and without
(sCDM) a cosmological constant. The spectra havillbeen normalized to agree on large scales.
The spectrum in the cosmological constant mod@ turns over on larger scales because of a
later a.q. Scales to the left of the vertical line argltill evolving linearly.

Daieon Modes entering the horizon BEFORE

matter-radiation equality DECAY ...

Causality erases small-scale structures



PRIMORDIAL PERTURBATION EVOLUTION
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Why Mini Primordial Black Holes?
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How MANY SHOULD WE EXPECT ?

¥YCDM model
« Pure » « Pure » « Pure »
INFLATION I R ADIATON I MATTER > .-

Very few PBHs expected

Very little information about the primordial
Universe

(To infinity and) beyond the SM

In explicit UV theories, deviations from ACDM
can affect the formation of PBHs and their
Hawking evaporation...



PBH FORMATION
Collapse of

Overdensities N \W

Q

Key Ingredients : 1) Scalar curvature Power Spectrum 0 Q
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Small Power Spectrum A Small density of PBHs formed



PBH FORMATION

Key Ingredients : 1) Scalar curvature Power Spectrum 0 (NQ

2) Equation of State in the Universe w

N P
T ) A@(DG )

~
b

F e %///////u C_)
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PBH FORMATION

Key Ingredients : 1) Scalar curvature Power Spectrum 0 (NQ

2) Equation of State in the Universe w

BSM PHaysics
CAN AFFECT

BOTH



PBH FORMATION

Key Ingredients : 1) Scalar curvature Power Spectrum 0 (NQ

L’inflaton parti, les perturbations dansent...

During inflation, small perturbations may be generated at
scales (¥ Q

After inflation, larger perturbations may be sourced at
scales QO Q

A Bumpy potentials (Ultra-Slow-Roll period)
A Colliding scalar-field bubbles

A Enhancement due to early matter domination

A ..



PBH FORMATION

Key Ingredients : 2) Equation of State in the Universe w

The post-inflationary Universe, quesaco 7



PBH FORMATION

Key Ingredients : 2) Equation of State in the Universe w

Cosmological moduli may start to oscillate
Early Matter Domination (w = 0)

String Theory compactification
Transverse directions in SUGRA

Axion-like particle models



PBH FORMATION

Key Ingredients : 2) Equation of State in the Universe w

Compact Extra Dimensions may place the Universe in Stasis
Mixed Matter /Radiation state (w N TThOLO )

A tower of states with regular spectrum
Energy densities with similar pattern
The ensemble is attracted to a

mixed-state system...

my = Mmoo —+ (Am)/ﬁ

290 —4(1 + )
290 — (1 4+ af)




PBH FORMATION

Key Ingredients : 2) Equation of State in the Universe w

Fluctuation of w : During phase transitions (QCD) may

fluctuate variations of | U

Dynamics of w leaves an imprint in the PBH spectrum

Probing its shape Reading the spectrum pattern




PBH FORMATION

Key Ingredients : 2) Equation of state in the Universe w
The post-inflationary Universe, quesaco 7

Runaway directions : Quintessential (non-oscillatory) inflation
Kination (w = 1)
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PBH FORMATION

Key Ingredients : 2) Equation of state in the Universe w
The post-inflationary Universe, quesaco 7

Runaway directions : Quintessential (non-oscillatory) inflation
Kination (w = 1)
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PBH FORMATION

Key Ingredients : 2) Equation of state in the Universe w
The post-inflationary Universe, quesaco 7

Runaway directions : Quintessential (non-oscillatory) inflation
Kination (w = 1)
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PBH FORMATION

An example : Sgoldstino-less Inflation

Spontaneously broken SUSY Goldstino superfield S

How to get read of massless scalar 7

Use a version of SUGRA where Y TT..

Introduced to match linearly vs. non linearly realized

SUSY
[Rocek '78],[Lindstréom, Rocek '79]

Realized in certain models of String theory exhibiting non

linear SUSY [Kallosh, Wrase '14],[Bergshoell Dasgupta,
Kallosh, Van Proeyen, Wrase '15],[Kallosh, Quevedo, Uranga '15]

Or use effective theories where the sgoldstino decouples
[Komargodski, Seiberg '09],[Kallosh, Karlsson, Murli '15]



PBH FORMATION

An example : Sgoldstino-less Inflation

_1c2 S 4
K_|S —ﬁ|5|
W-=1fS.

S=s+ \/59“2;55 + 62 F.

Limit ¢ - oo : Integrate out the scalar s

ri s*

Many consequences for inflation



PBH FORMATION
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PBH FORMATION
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PBH FORMATION

0Oh? ~ 0.12

Kination Domination Radiation Domination S
Microlensing
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PBH FORMATION
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PBH FORMATION

Planck-19|
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LACK HOLES EVAPORATE...

S. HAWKING, 1974




PRIMORDIAL BLACK
HoOLE DISTRIBUTION

!\Q D

A Some may be stable and participate to
the DM relic abundance (U m 105 g)

A Some may be unstable and evaporate
(10°g MO M10%g)

A Some may be unstable and evaporate
before BBN (U M 107 g)



THE PARAMETER SPACE
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PBH EVAPORATION

M

dMpu dMpp 0o Q2N o
= - b Ip = —e(M
dt Z dt |, Z | /O - dp (MBH)

dpdt M. ]§H

Wt = 207 e B o]~ (177 Ei)

BSM -
Contributions? '; 0 1.06 GeV 1013 o
8’ﬂ‘—Ch\jBH Mpy

Ipy =




PBH EVAPORATION

1 (10 ¢
TBII = ——— ~ 1.006 Cr@\ ( - )

SFG.\[BH A\[BII

More and more particles contribute to the evaporation



DM FROM EVAPORATION

Q (L) 70 U

mpy = 1072 GeV mpy = 10° GeV —— mpMm = 10" GeV
mpy = 107! GeV mpym = 10° GeV —— Full Calculation

mpm = 10! GeV —— mpum = 10° GeV Approximate

e mpM
['pu

Schwarzschild BHs, a, = 0
4

l()gl"( ‘\[]i;il/ lg)

Code Publicly available: FRISBHEE




DM FROM EVAPORATION

Limit

PRIMORDIAL
Brack HOLE

Thermal X

S w g 1““%1[1(-\/|i'[i;||/‘ﬂ.‘-’s]
Mg, [9]

Code Publicly available: FRISBHEE



Kerr PBHs and Dark Radiation

Dark particles with small masses can contribute to ANeff

Schwarzschild PBH Negligible

Kerr PBH Argued to be

critical

Schwarzschild BH Domination a, =0 Kerr BH Domination {a,) = 0.7 Kerr BH Domination a,

CMB-54 | projection)

107 08 10° 10° 08 107 0® 10° 10° 107

M; [grams] M; [grams] M; [grams]



Kerr PBHs and Dark Radiation
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Kerr PBHs and Dark Radiation

Schwarzschild ) Kerr, a, i,=0.99
10 54
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Code Publicly available: FRISBHEE




Kerr PBHs and Dark Radiation

Why 7

The correct one is better!

Code Publicly available: FRISBHEE



Kerr PBHs and Dark Radiation

A N.g from Graviton Production . a, = 0.99
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Code Publicly available: FRISBHEE



Kerr PBHs and Dark Radiation

A N.g from Vector Production . a, = 0.99

0.00

=== No Redshift
— == Redshift

Code Publicly available: FRISBHEE



Evaporation of Extended Distributions

0, clse.
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Gravitational Waves? V(0 o o]V
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