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Hawking Radiation

Mass: Sun Moon 10 X
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Primordial black Holes

e Several possible production mechanisms
- Collapse of density perturbations generated during inflation
- Collapse of topological defects
- Dynamics of scalar condensates
- Collision of bubble walls during a first-order PT

 PBHSs of different masses could solve a variety of problems in cosmology
- Remove unwanted monopoles or domain walls
- Seeds for SMBHs or Large Scale Structure
- Could possibly constitute dark matter
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KV(/ d Mapping the Northern Sky in High-Energy Gamma Rays

High Altitude Water Cherenkov
Gamma-Ray Observatory

Water Cherenkov tank

- HAWC comprises an array of 300 tanks that record the
Observatory particles created in gamma-ray and cosmic-ray showers.

5 day and night, providing
/ for the observation alr shower
jamma rays. — ' — el

200,000 L of
purified water

Puebla, — Cherenkov
Mexico ) light photomultiplier

v T tube (PMT)

Particles inside the shower produce
Cherenkov radiation that is detected
by the PMTs.

amma rays vs COSMIc rays

HAWC selects gamma rays from among a much more
abundant background of cosmic rays.

gamma-ray shower cosmic-ray shower
‘."%“}:' ".. it “h“":‘\"{
A X Vie st

Silvia Bravo Gallart/\Wisconsin IceCube Particle Astrophysics Center (WIPAC)

HAWC is located at 4,100 m
above sea level, covering
an area of 20,000 m?.
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Overview

¢ S0,
- There could be black holes which are evaporating today
- As the black hole shrinks, it heats up (finally reaching 1" ~ Mp))
- The black hole radiates all fundamental d.o.f. (SM and BSM) lighter than 1
- Experiments are currently looking for their final explosion

 \We ask the question:
- What could we learn about BSM physics (e.qg., dark sectors) it
an evaporating black hole were observed today”?
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Primary Particles and Mass Evolution
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Primary Particles and Mass Evolution
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Secondary Photons

D. Zeppenfeld

>N > d*N} AN
> = M,E E,, E)dE
dtdE Z/O dtdEp( Ep) dE (Ep, B)dE,

()
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Primary and Secondary Spectra

d* N7 /dtdE [GeV~'s™]
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DS particles change a, so

change BH evolution, so
change photon spectrum
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BSM Models - Dark Sector Example

Every we've talked about so far is just for the SM

BSM particles could lead to extra photons, but not it only weakly coupled to EM

DS particles change a, so

change BH evolution, so
change photon spectrum

DS consists of /V copies of

the SM particles at
common mass scale Apq

1028

1027__

(M) [g7s™]

1026__

SM

' DS(10,10° GeV)

DS(1,10* GeV)

Agep
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Photon Spectra
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Dark Sector Exclusion Plot

SM Distance rgu [pc]

= DS(100)

Total Number of Photons Observed

10* 10? 10° 10* 10° 10° 107
Dark Sector Mass Scale Apg |[GeV]

17



What is the probability of observation? @

18



What is the probability of observation”

f there are ~ 3000 EBHs pc—3 yr—1, then 83% (1.4%) chance of at least
one event closer than 0.05 (0.01) pc in next 5 years

18



What is the probability of observation”

f there are ~ 3000 EBHs pc—3 yr—1, then 83% (1.4%) chance of at least
one event closer than 0.05 (0.01) pc in next 5 years

Distance Scale Limit Method
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Parsec Scale < 4.6 x10° pc2yr! (4)

Table 1: PBH Limits vary with distance scales: (1) from
100 MeV extragalactic y-ray background assuming no clus-
tering [1,6], (2) from 100 MeV anisotropy measurement [7],
(3) from antiproton flux [8] and (4) from Very High Energy

(VHE) searches [9].
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f there are ~ 3000 EBHs pc—3 yr—1, then 83% (1.4%) chance of at least
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What is the probability of observation”

f there are ~ 3000 EBHs pc—3 yr—1, then 83% (1.4%) chance of at least
one event closer than 0.05 (0.01) pc in next 5 years

Distance Scale Limait Method Caveats

Cosmological Scale < 10°° pc_3yr‘1 (1) Clustering (e.g., by 7 orders of mag.), QCD, BSM
Galactic Scale < 0.42 PC_3}’1'_1 (2) BSM (e.g., “vastly different limits”), QCD
Kiloparsec Scale < 0.0012 PC_3YI'_1 3) Production & propagation of antiprotons, QCD, BSM
Parsec Scale < 4.6 x10° pc2yr! (4)

Table 1: PBH Limits vary with distance scales: (1) from
100 MeV extragalactic y-ray background assuming no clus-
tering [1,6], (2) from 100 MeV anisotropy measurement [ 7],

(3) from antiproton flux [8] and (4) from Very High Energy

(VHE) searches [9]. 11310.0073]
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Thank you!



