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Outlive

Fundamental Physics and PBH:
- Critical Higas Iuflation (SM-3loop)
- Quantum Diffusion and PNG tails

PBH cluster dynamics:

- Binary parameter distributions
- Spin induction in dewnse clusters

Observational Evidevces:
- Gravitational Waves (GWTC-5)



Gravitational Collapse

Direct Collapse: Black Hole formation

_ B

ﬁ Radiation pressure : Supervova







Wass origin of ABH & PBH
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Quantum Diffusion
Extended Mass &
Clustering

o TT [1501.07565]

211\ CGB(15)
10-5 I ——— /, \\
——— -7 \
- L ~\‘
Y ~
\

\
\

he logk

10

A
2
PR




V(gb) Single Field Inflatiov
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Higgs quartic coupling A(u)

Renormalization of Higgs conplings

Ezquiaga, JGB, Ruiz [1705.04861]
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Critical Higas Inflation
Ezquiaga, JGB, Ruiz Morales [1705.04861]
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JGB, Ruiz Morales [1702.03901]
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Primordial Power Spectrum

JGB, Ruiz Morales [1702.03901]
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Quantum Piffusion D CMPB & LSS

Ezquiaga, JGB, Vennin [2207.06317]
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what about clusters of PBH?
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PBH clusters explain the cumply
Nature of Little Red Dots

Tanaka et al. [2410.00104]

0.5-2 keV

Fig. 1. Three-color (JWST/NIRCam F277W, F150W, and F115W for RGB) image and separate filter images of CID-931. The slit position of Keck-
[I/DEIMOS observation is shown by the white lines. Note that the Chandra 0.5-2 keV image has a different cutout size (6’" x 6’’) due to a much lower pixel
scale (0//984/pixel) than the HST and JWST images (3" x 3" cutout with the pixel scale of 0!'03/pixel). Yellow bars in right panels indicate the position

of the red core.




Clusters from Quantum Diffusion

2-pt distribution fuuction Animali, Vennin [2402.08642]
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PBH and Stochastic ITuflatiow

A. Linde (1994)
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SMBH

clusters + diffuse
diffuse

- like galaxy

Milky Way

Carr, JGB + [2610.28723]




Cluster Dynamics

J.F. Nufio Siles, JGB [2405.06391] {\M&A 005,01, 015)
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https://github.com/nbody6ppgpu/Nbody6PPGPU-beijing/tree/dev

Multiple simulations

J.F. Nuno Siles, JGB [2405.06391]

1D Mot [Ma] Mmax[Me] Mmax [ﬂ'f@]l Rum[pe] |Run[pell| 1D Mot [Mg] Mumax[Me] Mumax[Ma]| Rumpe] [Rum(pe]
M&A t=10 t=10 t="Ty =10 t =Ty | oos =10 t=10 t="Ty t=10 =1y
1295 ¢| 16140 46.54 46.54 2.20 27.04 | 1520 g | 1389 5.03 2.03 9.72 12.25
2570 o] 32166 66.10 a97.80 2.38 27.17 | 3345 e | 3007 4.50 5.08 3.23 15.55
4046 g| 50088 63.64 91.98 4.27 26.74 || 5480 g | 5009 6.67 6.67 0.77 16.21
5199 @¢| 64280 69.98 T4.80 2.20 28.39 || 7678 o | TOOR 5.69 7.52 1.92 15.15
2077 @l 100116 T8.27 T8.27 12.53 29.50 | 9937 ¢ | D001 5.48 5.48 1.25 15.85
8922 e| 110196 T6.15 81.52 13.31 32.01 | 12201 @ [11001 5.00 T.77 2.90 15.29
10372 g | 128337 104.26 104.26 6.20 27.54 14366 ¢ | 13005 5.42 8.22 2.65 16.04
10535 | 130198 68.50 74.35 9.72 28.20 | 16428 » |14912 7.72 7.72 0.48 16.04
16159 | 200392 57.75 113.59 4.44 27.24 | 18776 17007 5.40 6.51 2.29 15.00
20738 | 256346 134.10 145.70 1.37 26.65 | 20866 @ |18918 5.31 T7.36 3.91 15.35
1D MiotaIMe] Mmax|[Ma| Mmax|[ Mgl Bumlpe] |Buam(pel] 1D Mot [Ma] Mumax[Me] Mmax|[Ma]| Bumlpe] [Rumpe
o B t=10 t=10 t="Ty t=10 t=Tuy || o1.5 t=10 t=10 =Ty =10 t="Ty
1505 e 2003 32.07 32.07 1.93 27.07 | 1220 ¢ | 3020 63.67 63.67 3.37 58.92
3000 | 4004 18.56 18.56 7.52 22.21 | 3423 @ | 2010 105.74 105.74 7.15 41.00
H28E e TOOT 34.14 34.14 7.60 21.97 | 5258 e |13014 H41.18 H41.18 1.95 40.15
7507 @| 10001 25.82 34.29 3.95 24.77 | 8025 @ [20021 157.23 157.23 0.41 41.62
10663 @] 14000 46.77 46.77 6.64 26.96 | 10011 @ |24187 179.83 280.36 1.45 60.33
12834 @] 17004 32.81 a8.06 4.41 23.91 | 12409 @ | 30007 114.51 114.51 0.07 55.98
15136 @| 20000 58.31 58.31 0.47 25.47 | 14691 @ | 38027 T731.69 1004.13 1.40 37.81
17554 @) 23008 45.68 64.90 0.82 25.62 || 17182 @ |43013 554.27 554.27 5.59 46.36
20590 27008 51.60 T6.41 4.70 26.64 | 20261 49021 657.47 T84.02 3.52 41.41




Cluster Dynamics

Clusters expand with time while core radins

stays almost constant
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Cluster Dynamics

Trashorras, JGB, Nesseris [2006.15018]




IMF / Binaries
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BBH merger rates

Tu-cluster merger rate Escapers werger rate
for 00.5 peaks at e~® 005 peaks at 102 1,
for M&A peaks at e~ M&A peaks at10°
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BBH merger masses

M&A
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Inspirals vs scatterings

ooo00 o) o Jaraba, JGB [2106.01436]
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Spin induction in dense clusters

Spin acauired at periastrow, during GW emission,

Characterized by Kerr parameter a.
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Spin induction in dewse clusters

Highest spin is induced v most wmassive black hole. g =w,/m, <A.

Spin induction is enhavced for the wmassive black hole when ¢ << 1.
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Observational evidence for primordial black holes
Carr, Clesse, JGB, Hawkins, Kihnel [2306.03903]
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u[@M%iVl@ TO Amdrow\@m Sugiyama et al. [2602.05840]
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Masses of Black Holes and Neutron Stars
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Secondary mass (M®)
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Secondary mass (M®)
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Secondary mass (M®)

1

n

10

4} Candidates

Binary black hole
Binary neutron star
Mass gap

Neutron star - black hole

Are LLGO/Nirgo BH Primordial?

Legend
@ Detections

GWTC-5
(202.0)

Asymmetric Binaries |
10’ |
H
_____________________________ L D I I B W W
™ l F—i—%
0 /,
Y ) 10 10

rimary mass (M®)

10°



Mass distributions GWTC-5

LVK [2605.272206]
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Are LTIGONirgo BH Primordial?

Clesse, JGB [2007.06481]
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BBH Merger Rates GWTC-5

LVK [2605.27220]
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LVK [2605.27220]
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Final spin

Effective and Final Spin
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Effective and Final Spin

JGB Nuno Slles Rmz Morales [2010 13811]
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Spin distributions GWTC-5

LVK [2605.272206]
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Are there PBH in LIGO/Nirgo?

Prunier et al. [2311.16085]

SSM200308
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Primordial Black Hole 3G GW
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Figure 44. Redshift range of LISA for equal-mass BBH coalescences as a function of the total system
mass and comparison with the range of other detectors and pulsar timing arrays.

The color scale
represents the expected SNR.



Covclusions

Therwmal history predicts clustered PBH with
multimodal mass distribution ~ 107,14, 100, 10 M4

The predicted PBH spin aud mass distribution

has been measured by LT GO/Nirgo + OGLE/Gaia
aromnd 1-100 M, (features: peak & platean)

Other peaks could be explored with microlensing of
stars towards LMC and Avdromeda,

PBH scenario can explain various coswic conumdra (LSS)

Paradigm shift in Structure Formation of the Uviverse

Very rich phenomenclogy: multi-scale, multi-epoch, multi-
probe => Future 3G detectors (LISA, €T)



Observational evidence for primordial black holes
Carr, Clesse, JGB, Hawkins, Kihnel [2306.03903]
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Milky Way rotation curves

JGB, Hawkins [2402.00212]
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PBH Constraints from wmicrolensing

JGB, Hawkins [2402.00212]
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OGLE-LV Selection Criteria

Hawkins, JGB [2509.05400]
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OGLE-TLV Selection Criteria

Wicrolensing event follows a Paczinsky curve
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Halo Mass Fraction

Halo Mass Fractiow

1.0

JGB, Hawkins [2402.00212]
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Standard Wodel Lagrangion
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the one-loop RGE are

1 [ 19
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The three-loop SM beta functions
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~ We use the PDG averages [45] listed in Table I. The
MS couplings at © = M; are obtained from the NNLO
matching of Ref. [17],

A(M,) = 0.12604 + 0.00206 (M;, — 125.15) — 0.00004 (M, — 173.34),

ye(M,) = 0.93690 + 0.00556 (M, — 173.34) — 0.00042 22 ()—.0%.017184’

gs(M;) = 1.1666 -+ 0.00314 2= (;0%'()17184 — 0.00046 (M, — 173.34),
g(M;) = 0.64779 + 0.00004 (M; — 173.34) + 0.00011 MWo._onOSM’
g'(My) = 0.35830 + 0.00011 (M, — 173.34) — 0.00020 MWO._O;BZ'BM,

g(Mt) - 35a
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FIG. 1. Running of A (left) and £ (right) from M; to Mp with {(M;) = 35, at the measured top mass. Solid: three loops with the
lo band; dashed: two loops; dotted: one loop. Orange lines: A (left) and £ (right) for the critical top mass M; = 170.94 GeV
at three loops (solid) and two loops (dashed); A just touches zero near Mp, and & reaches & ~ 40.5 at the plateau scale
Mp /& ~ 3.8 x 10" GeV, within the ACT window of Sec. IX. Vertical lines mark the plateau scale Mp /v/&E ~ 3.8 x 10*” GeV
(dotted), the reduced Planck mass Mp = 2.4 x 10'® GeV (dashed) and the Planck mass 1.2 x 10'? GeV (dash-dotted).
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FIG. 2. Three-loop running of 4, gs, g and ¢’ with 1o bands.
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