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Outline

Discovery of 3 BHB by aLIGO-01
started a new era of GW Astronomy

PBH = Dark Matter
Peaks in Curvature (Quantum orig.)

Higgs = Inflaton (Critical Higgs Inf.)
Particle Physics Beyond SM

Test PBH with GW interferometers
Conclusions
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Merging Binary BHs @ LIGO

September 14,2015 = October 12, 2015 * : : December 26, 2015
CONFIRMED - CANDIDATE o “t & ‘ ' CONFIRMED

r------------1

LIGOs tirst observing run
September12;2015=January 19,2016

|| S — | |

September 2015 October 2015 - November 2015 December 2015 January 2016




W\ GW150914
(l
il

11.0
40.5
4 0.0
41-0.5
1—1.0

i LVT151012
W t"ihi\l\}

411.0
4 0.5
4 0.0
41-0.5
41—1.0

i GW1 5 1 2 2 6
AWM ~\H "O\I}I:

411.0
40.5
4 0.0

0.0 0.5 1.0 1.5
Time from 30 Hz (s)

2.0

Strain (107%%)



10722}

1023}

S(f) and 2|k(HV f (strain/v/'Hz)

—  Hanford
. — Livingston

10* 10° 107
Frequency (Hz)



Gravitational Wave Astronomy

* Discovery of binary BHs by AdvLIGO

* VIRGO, KAGRA, INDIGO = GW Astron

« GW150914 = 36 + 29 M, BH binary

« GW151226 =14 + 8 M_,, BH binary

» LVT151012 = 23 + 13 M., “candidate”

« Expected 50-100 events/yr/Gpc?

* AdvLIGO+ can map the mass and spin
Massive BH (0.1 M., < Mgy, <150 M
n.b. figco=4400 Hz (M,,,/Mgy)

sun)
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Density perturbations and black hole formation in hybrid inflation
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. The resulting density inhomogeneities lead to a copious production of black holes.

for certain values of parameters these black holes
may constitute the dark matter in the Universe.’

infiation where the black hole produ S £35e : 3 es are
very small. Such models lead to a completely different thermal histopr-efthe Universe, where postmﬂationary
eheating occurs via black hole evaporation. [S0556-2821796)00522-X]

PACS number(s): 98.80.Cq




Steven Weinberg

“our problem is not that we
take our theories too seriously,

but that we
don't take them seriously enough”




PHYSICAL REVIEW D 92, 023524 (2015)

Massive primordial black holes from hybrid inflation as dark matter
and the seeds of galaxies

. . 1,* , c 2%
Sébastien Clesse” and Juan Garcia-Bellido
'Namur Center of Complex Systems (naXys), Department of Mathematics, University of Namur,

These PBHs could have acquired large stellar masses today, via merging,
the model passes both the constraints from CMB distortions and microlensing.

the tail of the PBH mass distribution could be resgonsible for the seeds of sugermassive

black holes at the center of galaxies, as well as for ultraluminous x-ray sources.

Moreover, the tail of the PBH mass distribution could be responsible for the seeds of supermassive black
holes at the center of galaxies, as well as for ultraluminous x-ray sources. We find thateureffective hybrid
potential can ongmate e.g. from D-term inflation with a Fayet-Ihopoulos term of the order of the Planck
scale but sub-Planckian values of the inflaton field. Finally, we discuss the implications of quantum
diffusion at the instability point of the potential, able to generate a Swiss-cheese-like structure of the
Universe, eventually leading to apparent accelerated cosmic expansion.

DOI: 10.1103/PhysRevD.92.023524 PACS numbers: 98.80.Cq
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Moreover, PBH binaries should emit gravitational waves

that could be detected by future gravitational wave experi-
ments such as LIGO, DECIGO and eLISA [70,71].

Binaries of
PBHs forming a fraction of dark matter should emit
gravitational waves; this results in a background of gravi-
tattonal waves that could be observed by LIGO, DECIGO
and eLISA [70-72].




What models
of Inflation

produce PBH
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Present Constraints on PBH
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Concrete realization: PBH In
Critical Higgs Inflation

Ezquiaga, JGB, Ruiz Morales (2017)
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Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio, Strumia (2014)
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Merininfina) conalii of Mgs o graviy

Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio, Strumia (2014)
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Concrete realization: CHI model

Ezquiaga, JGB, Ruiz Morales (2017)
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Mass Spectrum @ MR equality

JGB, Ruiz Morales (2017)
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CMB Constraints on CHI

Ezquiaga, JGB, Ruiz Morales (2017)
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CMB Constraints on CHI

Ezquiaga, JGB, Ruiz Morales (2017)
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CMB Constraints on CHI

Ezquiaga, JGB, Ruiz Morales (2017)
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CMB Constraints on CHI
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Present Constraints on PBH

Ezquiaga, JGB, Ruiz Morales (2017)
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Massive Primordial Black Holes

* These are NOT the (small) PBH with
1024 Mg< Mpgy <10 Mg of Carr et al.

* These are black holes with
1072 Mg< Mpgy <10-° Mg which cluster and
merge and could resolve some of the most
acute problems of ACDM paradigm.

* ACDM N-body simulations never reach the
100 Mg, particle resolution, so for them PBH
iIs as good as PDM.



Distinguish MPBH from Stellar BH

* Accretion disks

* Distribution of spins

* Mass distribution # IMF

« SBH kicks at formation vs static PBH
» Galaxy formation rate =» gal. seeds
* Microlensing events of long duration
* GAIA anomalous astrometry

« CMB distortions with PIXIE/PRISM

* Reionization faster in the past

* N-body simulations below 102 M,
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Stochastic Background from MPBH
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The Gravitational Wave Spectrum

Quantum fluctuations in early universe
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Characteristic Strain
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Signatures of PBH as DM

Seeds of galaxies at high-z
Reionization starts early (Kashlinsky)
Larger galaxies form earlier than ACDM
Massive BH at centers QSO @ z>6
Growth of structure on small scales
Ultra Luminous X-ray Transients

MPBH in Andromeda (Chandra)

GW from inspiraling BH (LIGO)
Substructure and too-big-to-fail probil.
Total integrated mass = (),



Conclusions

- Massive Primordial Black Holes are the perfect
candidates for collisionless CDM, in excellent
agreement with CMB and LSS observations.
 MPBHSs could also resolve some of the most
acute problems of ACDM paradigm, like early
structure formation and substructure problems.

 MPBHSs open a new window into the Early
Universe, ~ 20-40 efolds before end inflation.

* There are many ways to test this idea in the
near future from CMB, LSS, X-rays and GW.

* LISA/PTA could detect the stoch. background
from MPBH merging since recombination.



