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Why developing PrimBHoles ?

. Growth of interest in PBHs

2. Multi-disciplinary problem
One cannot be expert in all aspects

3. Demand for the most recent prescriptions
No need to re-invent the wheel...

4. PBHs may exist!
5. Two ‘unambiguous’ ways

to prove that PBHs exist:
observing subsolar or high-z black holes - - - -

6. LISA can do both!
and probe PBHs from 10 kg to 108 Mo

with 12 different signals
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External codes or file

PBH theory

How PrimBHoles works ?

Primordial curvature fluctuations
« = Fluct. Model

(Power spectrum, non-Gaussian tail...)

GW observable
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How PrimBHoles works ?

Parameters defined in: user params.py
File: power spectrum.py,

Mother class: PS Base

Daughter classes: specific models

1. Gaussian curvature fluctuations - P(k)
A. Amplitude + spectral index + running
B. Log-normal (hybrid inflation)
C. Gaussian
D. Broken power law
E. Others (axion, multi-field,...)
F. From file or external method

2. Non-Gaussian curvature fluctuations - PDF
A. Non-gaussian tail (critical higgs inflation)
B. From file or external method

3. Plots

External codes or file

PBH theory
GW observable

10Y = | | |
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power-law _
broken power-law
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multifield
axion gauge
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PBH theory
GW observable

How PrimBHoles works ?

Primordial curvature fluctuations _
Overdensity threshold,
Thermal history
PBH initial abundance,

fren and mass function(z),

12



PBH denstiy distribution at formation

10~/
—— Model 1: ns=0.97 (Carr 2019)
= ? —— Model 2: ns=1 (De Luca 2020)
OW PrimBHoles WOrKS 7 .
m m 10_11
Parameters defined in: user params.py g
File: threshold.py and abundance.py S g
Mother classes: ClassDeltaCritical, CLASS abundance
Daughter classes: specific models 10715 - \,\_/
1. Overdensity threshold o1

A. Single fixed value 1013 107 107 107 . 1]o'—1 102 10°
- MpeHLM o
B. Elaborated algorithm from Musco et al.

C. Thermal history (from file) PBH density distribution today
D. From file or external method
2. PBH initial abundance 10-24 =
E. Standard (naive) calculation

1074
G. Non-Gaussian models £ 1076
H. From file or external method "

3. frBH and mass function + iterative method
|. Standard calculation 107+ Model 1: n. = 0.97 (Carr 2019)
J. Effect of accretion on PBH mass — Model 2: ns =1 (De Luca 2020)

1013 10-10 107 104 101 102 10°
Mpgy[M o ]
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External codes or file

PBH theory

How PrimBHoles works ?

Primordial curvature fluctuations h Fluct. Model

+ v

Overdensity threshold,
Thermal history
PBH initial abundance,

fren and mass dist(z), ﬁ Constraints on PBH

abundance

GW observable
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PBH theory

How PrimBHoles works ?

GW observable
Choice of probes defined in: bounds params.py
One data file + python dictionary entry, for each probe
1 g 10-—15
File: bounds.py 10 s
1. Read the necessary files
with PBH constraints (monochromatic case)
2. Make Plot(s) 107% = =
3. include PBH evidence ?
I = -
%
&
1079 = -
107% 1 Vot =
EG~
GC.e*
10—10 O T S | ) ""“".. \ A Y T Y 0 ; g: ‘g g §igg
105 10-" 10-16 115
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How PrimBHoles works ?

Choice of probes defined in: bounds params.py
One data file + python dictionary entry, for each probe

File: bounds.py

1. Read the necessary files

with PBH constraints (monochromatic case)
2. Make Plot(s)

3. include PBH evidence ?

feeu (M)

GW observable

1 -11
109
107 =
1072 |-
| HSC OGLE - Kepler —— GW (LVK)
B EROS ICARUS — SNe —_ NACHO
10-3 I = [ I |
10— 10-° 107 10=2 10-3 10-1
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PBH theory
GW observable

How PrimBHoles works ?

Choice of probes defined in: bounds params.py

One data file + python dictionary entry, for each probe
File: bounds.py

1. Read the necessary files

with PBH constraints (monochromatic case)
2. Make Plot(s) i 10! 10° 10° 107 10°
3. Include PBH evidence ? | B } = |

102

10—#

fepu (M)

10~

I ICARUS B DG —— MACHO --- CMBK2 ~—~ Xray ziparo22 ~ —— LEoT1
10~ g Planck Disk —— EROS — Planck Spherical === CMB S ——- Xray Binaries --- UFD T
1 Dyn. friction — SNe --- CMB — segueil S L —==Wide Binaries
m CMB dist — GW (LVK) =-- CMBKI1 — Eridanus I  —— First Clouds
10—10 1 I' 1 I- 1
10! 107 10° 10° 10*
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External codes or file

PBH theory

How PrimBHoles works ?

Primordial curvature fluctuations h Fluct. Model

+ v

Overdensity threshold,
Thermal history
PBH initial abundance,
freH and mass dist(z),

GW observable

ﬁ Constraints on PBH

abundance

Merger Rate for late binaires
(firmed in clusters)
+ rate of hyperbolic encounters

Merger Rate for early binaires
(formed before recombination)
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External codes or file

- PBH theory
How PrimBHoles works ?
GW observable
Parameters defined in: user params.py
File: merger rates.py Model 1: Carr 2019, ng = 0.97
Mother classes: MergerRates . Merging rates for tidal capture in clusters ot
Daughter classes: specific models
u 9
1. Rate of early binaires 10
A. Standard formula 107
B. Rate suppression factors (different models)
5 10° "
2. Rate of late binaries (in clusters) = . Q
C. Standard formula & 197 2
D. Rate enhancement (Poisson clustering) = T
E. Redshift dependence
F. Three-body capture 10~
-3
3. Rate of hyperbolic encounters 10
107>

logmi/M ¢
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External codes or file

PBH theory

How PrimBHoles works ?

Primordial curvature fluctuations h Fluct. Model

+ v

Overdensity threshold,
Thermal history
PBH initial abundance,
freH and mass dist(z),

GW observable

ﬁ Constraints on PBH

abundance

Merger Rate for late binaires
(firmed in clusters)
+ rate of hyperbolic encounters

Merger Rate for early binaires
(formed before recombination)
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External codes or file

PBH theory

How PrimBHoles works ?

GWB _ Primordial curvature fluctuations h Fluct. Model
from 2nd order pert. * *

GWB — Overdensity threshold,
from Poisson fluctuations

Thermal history

Newton force from asteroid- _ PBH initial abunfiance,
fre and mass dist(z), ﬁ Constraints on PBH

mass PBHSs in solar system

GW observable

abundance

Merger Rate for late binaires
(firmed in clusters)
+ rate of hyperbolic encounters

3N N\

Continuous ‘ — Merger Rate for early binaires
GWs (formed before recombination)

GWB Rate distribution GW x LSS Rate distribution GWB GWB
from early binaries  (as a function of angular power (as a function of from late-time from close PBH
masses, redshift) spectrum masses, redshift) binaries encounters
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External codes or file

PBH theory

How PrimBHoles works ?

J GWB _ Primordial curvature fluctuations h Fluct. Model
from 2nd order pert. * *

GWB — Overdensity threshold,
from Poisson fluctuations

Thermal history
_ PBH initial abundance,
fre and mass dist(z), ﬁ Constraints on PBH

abundance

GW observable

Newton force from asteroid-

x mass PBHs in solar system

xContinuous h Merger Rate for early binaires

GWs (formed before recombination)

Merger Rate for late binaires
(firmed in clusters)
+ rate of hyperbolic encounters

3N N\

GWB Rate distribution GW x LSS Rate distribution GVWB GWB
from early binaries  (as a function of angular power (as a function of from late binaries from close PBH
(+ duty cycle) masses, redshift) spectrum masses, redshift) (+ duty cycle) encounters

v
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When will PrimBHoles be released ?

A few months after the living review
(October 2023...)

Perspective: interface with other (LISA) codes
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