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Motivation

* First order phase transition (FOPT) and curvature perturbation
comparison and dependencies

* Generate dark matter (DM) relic abundance and standard model (SM)
particles from PBH Hawking evaporating before BBN

* Light PBHSs are difficult to detect (<107g) since they Hawking
evaporate before BBN, but High frequency gravitational waves (GW)
serves as a new channel for detection

e Determine PBH origin from either mechanism using High frequency
stochastic GW signals



fPBH = QPBH/QDM

PBH Mass Range & GW Signhal Range
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Primordial Black Holes from DM First Order Phase Transition

Image Credit: Baker, Breitbach, Kopp, and Mittnacht 2021

X is our dark matter particle and is weakly coupled

through gravity (See Lagrangian left)
L5 0P — ypotid + Loy
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@ & y1s our “Phase Transition” sector and in our case

y particles are being trapped

We assume a %100 trapping rate
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e Qur Initial conditions are set to form a PBH
following the criteria of above paper
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Black Hole Thermodynamics

u?
T Pl
d?uy (B, t) g,( E?
dtdE  8m2 eE/Tpeu(t) 4 1

d? N\ B 47r7§ dQU'x
dtdE  E dtdE

120¢(3) gy  MZgu(t)
™ g.(TpBH) M}
15¢(3) gy Mi%l
875 g«(Tpu) M3

A'N" \ —

TPBH( ) > My

.LN“ X —

TpBH( ) < My



Dark Matter Relic Abundance
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Bpgy for Curvature Perturbations: Dependency on A, k,,, and
I\/IPBH
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Bpgy for FOPT: Dependency on B/H, and Mgy,

107 — T,=104GeV, p/H,=11
| = T,=101°GeV, g/H.=1.
1078 — 7,_101Gev, p/H.=11
10—11 _
ju )
3 I
q I
10714+
10-17]
10720 Lo ' oot ' ',
0.1 1 10 100 1000 10*
Mpgy [g]
. MpguRe I B' | 48R, fuy—I, e8Relvu
BpRH = e

2prad 19203

First Order Phase Transition - Map
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a = Energy density released during phase
transition normalized by the radiation energy

{Qh% m,} — {Mpsn,Bpeu} — {a,B,Ts,vw} — {hc, fow} density

B = Inverse time scale of the phase transition
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Gravitational Waves
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Summary

* A Map shown from the DM relic abundance to GW frequency and strain
{Qh% m,} — {Mppn,Beeu} — {Ac¢,kp} — {he, faw}
{Q,h* m,} — {Mpeu,Breu} — {a, B, T, vw} — {he, fow}

* Showed the sensitivity of both formation mechanisms to A;, and B/H,

* DM relic abundance can be generated from ¥ particle

 Showed the GW signals can be distinguished and if observed can determine what
formation mechanism mechanism, either FOPT or Curvature Perturbation, can produce
PBHs and then observed dark matter abundance.

Thank you!



Primordial Black Holes from Curvature Perturbations

e Curvature perturbations within a given
horizon R have a probability of collapsing into
a PBH

* The Mass of the PBH depends on the horizon
size.

FRW background

Image: Escriva 2022
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