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#1 ASTROPHYSICAL GAN
PROBES

Why they are best suited for fundamental physics (and can’t possibly do that at CERN)

MA-RAY
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@ | 1/ R NEVERENDING
o POWERFUL ENGINE

HAWC

y CHTOr cecun: o Cosmic rays power up
3 o gamma rays
5 I
E Ankle o Immense energy budget,
-3 AN .
i 10 . & e.g. a GRB can give 10°°
L% Ei v IRGB v+ v q | erg/s
107° | & :
LHC ’gl o Acceleration (and
107 I N N N N A R 1 L emiSSiOn) for k'years
GeV TeV PeV EeV
Energy

Evoli, Carmelo. (2018). The Cosmic-Ray Energy Spectrum. Zenodo.
https://doi.org/10.5281/zenodo.2360277
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2/ PARTICLE INJECTION
THROUGH GRAVITY

We can use the inevitable gravity
infall

o Capture—> increase cross
sections

o Energy budget 2 e.g.
around BH, NS, GRB

o Efficient energy conversion
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T VOLUME

o Signals from CMB and
further

o several direct emitters but
also vast ‘beam dumps’

o particle and radiation fields
everywhere
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3/ TIME OF FLIGHT
AND TRACKING

o We can trace particle
interactions from similar
targets at different times

o For free:

o back when Universe was not as it
was now

o Also events have time structure
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>~ 4/ VARIOUS SENSING
R e SYSTEM

®
N . . TS

multi- f /
messenger A B s~ N /
source ; :

neutrinos

microwave optical X-rays gamma-rays cosmic rays

e
| 2N magnetic terra incognita:
e - = ipcien only revealed by
Lty & neutrinos
2 £

4

F. Halzen
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. ... The MAGIC telescopes — Credit: Chiara Righi

e A great instrumental
success of the last decade.

Some basic info to get the
rest clearly
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GCAMMA-RAY SKY:“3 REVOLUTIONS IN 3 DECADES”

Cit. F. Aharonian

=History of MAGIC targets

LHAASO Sky @ >100 TeV

1989.01 e

TeV revolution (IACT, :
2000) E
GeV revolution (AGILE, T
AL ATHD) PeV revolution
(LHAASO, 2020)



GAMMA RAY (COSMIC-RAY) DETECTORS

<MeV range
Balloons-borne
detectors

Just cosmic rays

E
MeV-GeV NERGY
range
Satellite-borne ~ LeV range
v@g ors ‘F Ground-based  TeV-PeV range
e detectors Compact Ground-
¢ T light based detectors >PeV range

(particles) Wide Ground-

based detectors
(particles)




IACTS AND FRIENDS

Plot from de Angelis+
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https://arxiv.org/abs/1611.02232

IACT Year Nr. tels & diameter Location
MA]OR IACTS “Whippte—1968 o e ArtroraHSA—

HE.S.S. 2003 4X12m+1x28 m  Gambserg, Namibia
MAGIC 2004 2X17 m La Palma, Spain
VERITAS | 2007 4%x12 m Arizona, USA

Table 1: Current major operating ground-based Cherenkov telescopes. Given
are the starting year, the array multiplicity and dish diameter in the latest con-

MD NIMA742 (2014) 99-10
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#1 GROUND-BASED IMAGING CHERENKOV

F “ &) ﬁ ¢ %

bo®s.

M. Doro - Topics of Fundamental Physics with IACTSs - U. de Geneve 2022

1.

Primary gamma-rays
pair-produce after few
radiation lengths at 10-20
km asl

Shower of electrons dies
off after few interaction
lengths: particle do not
reach ground

Cherenkov light emitted
by ‘superluminal’




[ACTS

o Array of telescopes
o 10° square meter effective area

o FOV about 5 deg / PSF = 0.1 deg
o Picosecond relative timing precision

o During data-taking, e.g., MAGIC acquires
@ 200 Hz.

o These are mostly hadronic showers. Gamma-
rays are less than 1/1000 of this rate.

o During data reconstruction, only 1/1000
hadronic events survive (very energy

dependent)




THERE'S MORE THAN JUST GAMMAS

o Ample bkg: 1 to 1000 gammas/protons

primary y

Selection based
on image
momenta
(Hillas criteria)

cosmic ray (p, o, Fe ...)

atmospheric nucleus
l
\
- l
EM shower /7 T
4

{ | nucleons,
4 K-, etc.

atmospheric nucleus
EM shower 0

ncheons,
K-, etc.

Entries 1
Mean 1221
RMS _5.869
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EVENT TAGGING

1

You “clean”
the image
and extract
shape
parameters

2 Viengti< Iength:V

You make a
Random ForESt Vwidth< Widthcy
is a collection

of decision \ VDY
trees, by
comparing
vith Monte

Carlo

3

You have
classified
events
according to
“gammaness’
and start to
make cuts

)

05

e N
et | OO ey e

0.6

hadronness




A LOT OF 'LEFTOVERS’

o Background events rate

o One large night: 8h*3600s*200 =
5.76 MEvents

o Lifetime: 12 Gevents

o In the case of MAGIC these
billions of events are safely
stored in the database

o € Is this really trash? Can

there be something peculiar 1in
these leftovers?




THE CTA REVOLUTION

Reconstructed Gamma-
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https://www.cta-observatory.org/science/ctao-performance

MENU FOR IACTS

o For large volumes, high
energies

o Dark Matter particles
o Axion Like Particles

o Magnetic monopoles and
quark nuggets

o Primordial black holes
o UHE neutrinos

o For long distances, flares
o LIV

o For synpoptic view
o Hubble constant

@
U. de Geneve 2022




Better served cold
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A TEV DM CLAIM (2006)

TABLE II. The approximate energy distribution of events re-
ported by CACTUS compared to the prediction from various
annihilating dark matter scenarios. The CACTUS observations
appear_to be consistent with a ~500 GeV_dark matter particle
annihilating to b, a ~300 GeV dark matter particle annihilating

to W"W~, or a ~200 GeV dark matter particle annihilating to
7777 . In the last column, the number of events which EGRET

should have seen is given for each case.

Total >100 GeV >125 GeV EGRET
CACTUS observation 30000 7000 4000 —

600 GeV, bb 30000 9000 5000 290
500 GeV, bb 30000 7700 3900 400
400 GeV, bb 30000 6000 2700 630

400 GeV, W W~ 30000 9200 5100 280
300 GeV, WrW~ 30000 7100 3500 470
200 GeV, W*W~ 30000 4000 1300 1100

300 GeV, 77~ 30000 15000 9500 2.8
200 GeV, 777~ 30000 9200 4200 12
150 GeV, 777~ 30000 5000 1300 16

o CACTUS (Converted Atmospheric
Cherenkov Telescope Using Solar-2)
was a ACT located in California.

o It was originally a solar power plant

called Solar Two, converted to an
observatory in 2001, installing a 6
meter secondary that imaged the
field onto an array of 80 PMTs.

Bergstrom Hooper Phys.Rev.D 73 (2006)



...AFTER ~15 YEARS

Target

MD, M.A. Sanchez-Conde, M. Huetten.

Table 8.1 — continued from previous page
Target Year Time[h] IACT Limit Ref.
Intermediate Mass Black Holes
2004 — 2007 400 HES.S. Ann.
2005 — 2006 25 MAGIC* Ann.
Globular Clusters
2002 0.2 Whipple Ann.

Year Time[h] IACT Limit
The Milky Way central region & halo
2004 (48.7) H.ES.S. Ann.
2004 — 2008 (112) HES.S. Ann.
2010 9.1 Ann.

Ref.

Table 8.1 — continued from previous page

Target Year Time [h]

Segue 1 2008 — 2009 29.4
2010 — 2011  (47.8)
2010 — 2013

IACT Limit

MAGICH Ann.

VERITAS A.+D.
Ann.

Ref.

Aleksié et al. (2011)
Aliu et al. (2012)
Archambault et al.

MW Centre
MW Inner Halo

Aharonian et al. (2006)
Abramowski et al. (2011)
Abramowski et al. (2015)

Galactic Plane Survey Aharonian et al. (2008a)

Doro et al. (2007)

Wood et al. (2008)

Bodtes 1

Coma Berenices

Fornax

Ursa Major II
Triangulum IT*

Segue II
Canes Ven I
Canes Ven II
Hercules
Sextans
Draco II
Leo I

Leo II

Leo IV

Leo V
Reticulum II
Tucana II
Tucana IIT*
Tucana IV*
Grus IT*

1FGL J2347.3+0710
1FGL J0338.8+1313
2FGL J0545.64-6018
2FGL J1115.0-0701
H3FHL J0929.2-4110
3FHL J1915.2-1323
3FHL J2030.2-5037
3FHL J2104.5+42117

2010 — 2013

2010 — 2018
2009

2010 — 2013
2010 — 2013
<2018
2018

2010

2014 — 2016
2014 — 2016
<2018
<2018
<2018
<2018
<2018
<2018
<2018
<2018
<2018
<2018
<2018
2017 — 2018
2017 — 2018
2017 — 2018
2017 — 2018
2018

2010
2010-2011
2013-2015
2013-2015
2018-2019
2018 — 2019
2018 — 2019
2018 — 2019

(92.0)
157.9

184
14.3
(14.0)

(8.6)
10.9
37
50.2
6.0

94.8
62.4
181
19
14
14
13
13
10
7
16
3
3
18.3
16.4
23.6
12.4
11.3

MAGIC

VERITAS
VERITAS

HES.S.

VERITAS
MAGIC
HES.S.

MAGIC
MAGIC
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
HE.S.S.f
HES.S.
HES.S.f
HES.S.t
HES.S.f

Dark satellites

8.3
10.7
8.5
13.8
7.8
3.0
8.8
5.5

MAGIC
MAGIC
VERITAS
VERITAS
HES.S.T
HES.S.f
HES.S.t
HE.S.S.f

A.+4D.
Ann.
Ann.
Ann.

Ann.
Ann.

Ann.
Ann.
Ann.
Ann.
Ann.

Ann.
Ann.
Ann.
Ann.
Ann.

(2017)

Aleksié et al. (2014)
Ahnen et al. (2016b)
Kelley-Hoskins (2018)
Acciari et al. (2010)
Archambault et  al
(2017)

Abramowski et al. (2014)
Abdalla et al. (2018a)
Kelley-Hoskins (2018)
Maggio et al. (2021)
Abramowski et al. (2014)
Abdalla et al. (2018a)
Ahnen et al. (2018a)
Acciari et al. (2020)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Kelley-Hoskins (2018)
Abdalla et al. (2020)
Abdalla et al. (2020)
Abdalla et al. (2020)
Abdalla et al. (2020)
Abdalla et al. (2020)

Nieto et al. (2011a)
Nieto et al. (2011a)
Nieto (2015)

Nieto (2015)
Abdallah et al. (2021a)
Abdallah et al. (2021a)
Abdallah et al. (2021a)
Abdallah et al. (2021a)

MW Outer Halo

Draco

Ursa Minor

Sagittarius

Canis Major
Willman 1

Sculptor

Carina

2004 — 2014
2014 — 2020
2018

Dwarf Satellite Galaxies

2003
2007
2007
2007 — 2013

2007 — 2018
2018
2003
2007
2007 — 2013

2007 — 2018
2006
2006 — 2012
2006 — 2012
2006
2007 — 2008

2008
2008

2008 — 2009
2008 — 2009
2008 — 2009
2008 — 2010

254
546
10

7.4
7.8
(18.4)
(49.8)

114
52.6
7.9

(18.9)

(60.4)

161
(11.0)

HES.S.F
MAGIC

‘Whipple
MAGICH
VERITAS

MAGIC
‘Whipple
VERITAS

HES.S.

HES.S.
VERITAS

MAGIC?
HES.S.

Ann.
Ann.
Decay

Ann.
Ann.
Ann.
Ann.

Abdallah et al. (2016) M15

Montanari et al. (2021)
Ninci et al. (2019)

Wood et al. (2008)
Albert et al. (2008b)
Acciari et al. (2010)
Archambault et  al
(2017)

Kelley-Hoskins (2018)
Maggio et al. (2021)
Wood et al. (2008)
Acciari et al. (2010)
Archambault et al.
(2017)

Kelley-Hoskins (2018)
Aharonian et al. (2008)
Abramowski et al. (2014)
Abdalla et al. (2018a)
Aharonian et al. (2009a)
Acciari et al. (2010)
Archambault et  al
(2017)

Aliu et al. (2009)
Abramowski et al. (2011)
Abdalla et al. (2018a)
Abramowski et al. (2014)
Abramowski et al. (2011)
Abramowski et al. (2014)
Abdalla et al. (2018a)

NGC 6388

M33

M32

WLM

Abell 2029

Perseus (Abell 426)
Fornax (Abell S0373)
Coma (Abell 1656)

MW Inner Halo

Segue 1 dSph
Five dSph galaxies
Five dSph galaxies
WLM

All-electron

Moon shadow

2006 — 2007
2008 — 2009

2002 — 2004
2004
2018

2003 — 2004
2004 — 2005
2008
2009 — 2017
2005
2008

2004 — 2008

2014

2004 — 2014
2013 — 2019
2010 — 2013
2006 — 2012
2007 — 2013

2018

2004 — 2007
2009 — 2012
2009 — 2010

2010 — 2011
2014

15.2 HES.S.
27.2 HES.S.
Other galaxies
7.9 Whipple
6.9 Whipple
182  HESS.!
Galaxy Clusters
6.1 Whipple
13.5 Whipple
244 MAGICH
202.2 MAGIC
14.5 HES.S.
18.6 VERITAS
Line searches
(112) HESS.

15.2 HESS.
(254) H.ESS.
204 MAGIC
(157.9) MAGIC
(137.1) HES.S.
(229.8)  VERITAS

(18.2) HESS.!

Charged particles

239 HE.S.S.

VERITAS
MAGIC
MAGIC
VERITAS

Ann.
Ann.

Ann.
Ann.
Ann.

Abramowski et al. (2011)
Abramowski et al. (2011)

Wood et al. (2008)
Wood et al. (2008)
Abdallah et al. (2021b)

Perkins et al. (2006)
Perkins et al. (2006)
Aleksié et al. (2010)
Acciari et al. (2018)
Abramowski et al. (2012)
Arlen et al. (2012)

Abramowski et  al.
(2013c)

Abdalla et al. (2016)
Abdalla et al. (2018b)
Inada et al. (2021)
Aleksié et al. (2014)
Abdalla et al. (2018a)
Archambault et  al.
(2017)

Abdallah et al. (2021b)

Aharonian et al. (2008b,
2009b)

Archer et al. (2018)
Borla Tridon et al. (2011)
Colin et al. (2011)

Bird et al. (2016)

Table 8.1 — Continued on next page
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SEVERAL TARGETS

jatellite sy P vioy g
Y / Gamma-rays
- <
WIMP Dark '
Matter Particles B o o .. ‘
Ecm~100GeV ~N c , : . . :
« o | o’
"lsotropic contributions
>
g galaxy ClusErs
~
=
<
2 One theory
~
=

o Same spectra = multiple signatures
o Smoking gun detection and identification!

50.0 100.0




GAMMA-RAY EXPECTED FLUX
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IACT SUMMARY 50 FAR

Annihilation Decay

Gallaxy clusters: Fornax, H.E.S.S. 2012 (14.5h) == Galaxy clusters: Perseus, MAGIC 2018 (202h)
hs: Segue |, MAGIC 2014 (158h) +ss dSphs: Segue I, MAGIC 2014 (158h)

dSlhs: MAGIC Segue | + Fermi-LAT (2016) ] Fermi-LAT best limits (GC, 2012)

—— Galactic Centre: H.E.S.S. 2016 (254h)
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MD, M.A. Sanchez-Conde, M. Huetten.2111.01198
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STILL WORTH IT...COMPLEMENTARITY

M. Cahill-Rawley 1411.3353 . .
_ o Also...upper limit
— LZ Slexclusion, 1000 Days ¢ Excludedby ID but not DD

«  Survives DD, ID, and LHC « Excludedby DD and ID at — ]_ OO Tev iS I'I.Ot
e Survives DD and ID but not LHC » Excluded by DD but not ID )
| impenetrable:

o DM particles can
be ultra-heavy -->
10 PeV (Tak+ in

prep)



The fix your every meal
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AXIONS AND AXIONS LIKE PARTICLES

o Peccel (1977): a new particle to fix the
missing CP (the axion), but too heavy
not to be detected

o A general axion is the ALP (invisible
axion, Weinberg,1978,Wilczek,1918)
arises in several theories BSM
o Mixes with photons (in magnetic fields)
o Decays in photons




ASTROPHYSICAL AXION LIKE PARTICLES

1. Mixing in the 4. Mixing in the
Milky Way

Ivana Batkovic

8 Figure é: Photon-ALP mixing in
IGMF \ the magnetic field, credit:
arXiv:0905.3270

2. Mixing in the galaxy cluster 3. Mixing in the extragalactic space +
(y+y—et+e)

KNOWLEDGE OF THE MAGNETIC FIELDS IS FUNDAMENTAL FOR
PRODUCING THE ALPS MODELS!

o ALP can travel very long distances unabsorbed, while
gamma rays do not (EBL)




ALP-B MIX AND OBSERVABLE EFFECTS © usedto explain

o Spectral Wiggles unusual low EBL...

° o Photon recovery
8
Q) 7
% i
=
S 5
2 2 E/ 4
m — W =
Ey=2.5 GeV| aneV “phnelV] < A
GllBuG S
; 2
— Dbest fit with ALP : m
. ‘ 1 best fft with ALP : my _9=0.62,0a, — 11 1
O E~EC ng’g‘les ) ‘_ | = = best fit without ALP 5
5 Energy (GeV)
> : .
> E EC f'L'I.].]. mix Figure 3: Spectrum fit of PKS2155-

1E50229

0.1 1 10
Figure 4: Simulated flux spectra

w & w/o ALPs;
Jacobsen et al., arXiv:2203.04332 !

304 w & w/o ALPs, arXiv:1311.3148




GCAMMA-RAY LIMITS

CTA coll.,JCAP 02 (2021) 048 -« e-Print:
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SN1987A ’
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o CTA reach

o 250h NGC1275
(Perseus GC)

o Probing neV ALP

o Galaxy cluster
o Blazars jets


https://arxiv.org/abs/2010.01349
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https://cajohare.github.io/AxionLimits/

ALP FIXES YOU EVERY MEAL

A decaying ALP at
* Mattila+ (2017)
& CIBER (Matsuura+ 2017) ‘? S
@ HST/WFPC2 (Bernstein+ 2007) e Ca e
1 ioneer (Ma + H E N
lana Z+

y-rays H.E.S.S. (2017)

y-rays Fermi/LAT (2018)

y-rays Desai+ (2019)

y-rays MAGIC+Fermi/LAT (Acciari+

—
5
I
—
&
o~
I
1S
c
=
>
=
1%}
c
(]
—
=

o Lauer+ 2022 “Anomalous Flux ...used to explain

in the Cosmic Optical unusual high EBL...
Background Detected with

New Horizons Observations”
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MAGNETIC MONOPOLES

In 1931, Dirac MM to explain electric charge
quantization. Later on, many theories predict its
existence

Tamm and Frank (1937), Tompkins (1965), etc: MM
will produce 4700 times the Cherenkov light of an
electron, without producing any secondary particle

2N A 2N

~ 4
dxd Monopole Hoe dxd )\ Electric

Cherenkov emission happens deep in atmosphere
and only y > 103 and m > 1 TeV can be probed
(ultrarelativistic MM)

G. Spengler, BSc

Signatures of Ultrarelativistic Magnetic
Monopoles in Imaging Cherenkov Telescopes
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SIGNATURES AT IACTS

G. Spengler, BSc and Spengler+ ICRC 2011

o Very peculiar

rare events in
IACTSs

o Strong risk of

throw-away
from plate
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Kyle Lawson (British Columbia U.). Nov 2010.

QUARK NUGGETS/STRANGELETS.. 7 Trrmoromcii

o Quark nuggets are stable bound states of
quarks or antiquarks generated in the early
universe: 10%° quarks inside.

o Globally neutral, with expected charge excess on
the surface: nuggets will be dressed with leptons

o Big and heavy...

o When crossing the atmosphere, the energy

SM dressing S deposited by annihilations can be quite large :

an extensive air shower will be produced.
o K.Lawson 2009-2015 papers+

Limited Time Only
P Chches Nogpets ickdes 7 saece o your chece



They pop!
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FACTS

o Several mechanisms to generate BHs of
non-stellar-collapse origin in the early
Universe [e.g. Sasaki+ 2018]

o Collapse of overdensities
o Phase transition

o Mass range at truly all scales, from Planck
to Sunn

o Do they evolve?
o Accretion, interaction with DM [hot!]

o Ewvaporation (Hawking 1974 )

o They can constitute a fraction of DM

Afterglow Light
Pattern Dark Ages
400,000 yrs.

Inflation

Fluctuations

1st Stars
about 400 mil




PBH EVAPORRTION ‘ o IACTs: Observable as

serendipity flashes in
gamma-rays

HESS2021
VERITAS
Milagro
Fermi-LAT
CYGNUS
Tibet
Whipple
HAWC

Evaporation time

o 3 regimes:
o PBH < 10'°g dead by now...

o PBH ~ 10!%g evaporating
today!

o PBH > 10!%g still around!

MAGIC
CTA
SWGO 10 yr
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o Naive scenarios, it
103 102 101 109 101 102

depends S Time until evaporation [s]
Lopez Coto, MDD, + JCAP 08 (2021) 040




https://github.com/bradkav/PBHbounds

o IACTSs limits are
buried within
Fermi-LAT limits

=
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S 107!
s
&
! o However
= 102 o theoretical
- mapping not
complete
10-3 o Events could be
10°% 107 1072  107° 10 107 left in the plate

Mpgy (M)



https://github.com/bradkav/PBHbounds
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Light meal
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HIGH-ENERGY
NEUTRINOS

Point-like and diffuse
emitters

Exotic emitters

Pions production
(at source or propagation)

nwt
py— AT — { Io
P
Fargion, \ +_ _—0
1997 pp —ppnm T T

MAGIC +, Science 361 (2018) 6398

1P -
N\ " (

Gamma-ray bursts Microquasar and Blazars

Diffuse neutrinos o .
WIMPs#* -Topcﬂgica, &
. defedts ".' -
. » 4
¢ _ A

Neutrinos production
(at source or propagation)

Tt — ,u_i_V’u

,u+ —> V‘Me+ye

* At the source if charmed
mesos are produced

* At the Earth, after flavor
mixing

(Ve : V)V )garn = (1:1:1)

(Ve:v, 1) =(1:2:0).




EARTH-SKIMMING TAU NEUTRINOS

PHYS. REV. D 99, 083012 (2019)

Cherenkov
light
air

shower
IACT
T <

o The emerging UHE tauons can generate
e.m. atmospheric (sub)showers

Decay Secondaries Probability Air-shower

T UV, 17.4% weak showers
T e Vv, 17.8% 1 Electromagnetic

TV, 11.8% 1 Hadronic
0

T 1V, T, -2y 25.8% 1 Hadronic, 2 Electromagnetic
T — 121, 7,270 - 4y 10.79% 1 Hadronic, 4 Electromagnetic
7 — 17 3n%, n,3n° = 6y 1.23% 1 Hadronic, 6 Electromagnetic
Toa v, 2n ot 10% 3 Hadronic

0

Tt v, 2 ,7ta0 - 2y 5.18% 3 Hadronic, 2 Electromagnetic

elevation angle [degrees]

1

neutrino energy
e le+11 GeV
3e+10 GeV
1e+10 GeV
3e+09 GeV

o 1e+09 GeV
3e+08 GeV
1e+08 GeV
3e+07 GeV
1e+07 GeV
3e+06 GeV
1e+06 GeV

102 10°
target thickness [km]

106-101° GeV UHE nu-tau, when
crossing 1-100 km of rock have
significant probability of
emerge as tau-lepton

10




BY MAGIC 5 | :

E 0'0__ Selection line _

MAGIC (2018), Astropart.Phys. ‘gn : oo )7 :
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Proton injected at the top of the atmosphere = 85 logm(Size [p. e.])
(~800 km to the detector for 87 ° ) N .

Proton Event #25 of Run #100

E=1000.0TeV r=320m Zd(CT)=86.7° 1.1kPhEI Signal (raw)
Mean 10.27
e - - o) RMS  4.938
e A Da\ - 28
Epro_ton"' 1 PeV 3 Iz4
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RESULTS AND QUTLOOK: TRINITY

o Trinity telescopes (PI: N. Otte)
e o 6x telescopes

) | o 60x5 FOV

| o Waiting for neutrinos

-~

IceCube
¢

Sensitivity £2¢ [GeV cm~2s~1sr—1 ]

From UHECR, allowed region

10° 107 108 10° 100 101
Neutrino energy [GeV]

VY LU\=p/t “ vy

I ’ Brown, MD, others ICRC 2021


https://inspirehep.net/conferences/1776906
https://www.youtube.com/watch?v=OC8GcuyFsqA
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ENERGY-DEPENDENT TIME DELAY

i =0.4032:0.0063 (400 GeV <E,_ <600 GeV) y =0.4035:0.0047 (600 GeV <E__ <1200GeV) A¢=0.0003:0.0078

0 _ L -

Events/0.005

o oeveral theories predict

B
speed of light. Related — o

Pulsar Phase, ¢

to vacuum properties

Fig. 7.9. The Crab pulsar folded light curve as measured by MAGIC. Two periods are
shown, for high and low gamma-ray energies. The shaded areas define the pulse and
o Energy dependence

inter-pulse regions. Extracted from Ahnen et al. [2017b].
can be

o Superluminal/sublumin

1 o Tiny effect at earth, but long-distances allows for
a

accumulation: GRBs, AGN f{lares, pulsar
o Linear/quadratic/...

Best limits for quadratic dependence
o Proportional/Stochastic © Hi qu 1 b



PAIR PRODUCTION CROSS-SECTION MODIFIED

2mgct T ( E’ )nE’

De los Heros, Terzic

i - A
€th = E/(l — COS 0/) 2(1 — COS (9/) EQG,n

o LIV modified the
cross-section for pair
production.

o Spectra distorted at high energies
according to distance and LIV scale


https://arxiv.org/abs/2209.06531

Let’s digest this dinner
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LIGHT FROM DISTANCE LADDER

To appear in Mukherjee, Zanin +

o 1/ Compare the integrated
galaxy light to the VHE optical
depth [Biteau, Williams 2015
Astrophys.]. 812 (2015)]

o 2/ Galaxy counts from VHE
observation assuming EBL
models [Dominguez, Prada 2013,
Astrophys.].Lett. 771]

o Compatible
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TASTE 600D!

o Tens of astro-laboratories with varying distance, age,
enerqgy, B-field, stability = pick your favorite

o Several theories BSM involving gamma-rays (decay,
annihilation, conversion) = pick your guy

BUT, WHO PAYS THE DINNER?

o Limits are model dependent (accuracy?
likeliness?)

o Are we leaning anything at all...?



IACT 'LEFTOVERY’

o Several studies I showed used
IACT leftovers!

o CTA will generate a huge
amount of ‘waste’ that cannot
be saved (PB)

o It 1s of utmost importance to

o Envisage search pipeline for new
hidden physics signal NOW!

o Not to throw it away forever

M. Doro - Topics of Fundame



AFTER DINNER,

M.\ HAVING DRINKED

™ || 100 MUCK
| 6omiG BAGK HOMT

m Thanks!

39

BUT THIS IS WHERE THE LIGHT IS.

\ k) ki

| L 9
NO, I LOST IT IN THE PARK. @




