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Gamma-rays and cosmic-rays
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Gamma Ray (Cosmic-ray) detectors

MeV-GeV range
Satellite-borne
detectors: FERMI

Neutrinos: IceCube

IceCube Lab

ers =
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Rando/
Bottacini

Bernardini

M. Doro - Ground-based DM digest - Kashiwa Symposium 2022



We need mulfiple instruments
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Atmospheric showers

Energy flux [GeV/m? s sr]
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Shower Front Detectors
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¥, Incoming gamma ray
’;&— Collision with atmospheric
nucleus

Particles from air shower penet
particle detectors, interact and
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Shower image, 200 GeV xroy agapted from: F. Schmidr, J. Knapp, "CORSIKA Shower Images', 2005,
httos:/fenew-zeuthen.desv.de/~iknaoo/fs/showerimaaes. htm!
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Thesis [Doro, Dorigo] Array layout optimization
via neural network
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Photosensors and tech

m Expertise in novel
concept photosensors
(light-traps scintillators)
and new telescope
cameras

Theses:

Labb measurements for
photosensors [Mariotti,
Nelglele]

New telescope camera

concepts [Marioftti,
Nelglele]
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Blazar modeling
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Advances in Very High Energy
Astrophysics

The Science Program of the Third
Generation IACTs for Exploring Cosmic
Gamma Rays

https://doi.org/10.1142/11141 | May 2023

Pages: 250

Edited By: Reshmi Mukherjee (Columbia University, USA)
and Roberta Zanin (Max Planck Institut fiir Kernphysik,
Germany)

‘Dark matter and
fundamental physics with
IACTs’

Doro, Sanchez-Conde, Hutten

hitps://arxiv.org/abs/2111.01198

5 —
\\? World Scientific
M. Doro - Topics of Fundamental Phy Connecting Great Minds | 2023

Fundamental physics
topics (some pics)

[Doro, De Angelis, Bottacini]
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Why new physics in astroparficlee
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Case #1 Dark Matter .('/_’G‘amma-rays
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® Strong evidences for a new kind of
particles 5x than SM particles
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Analysis
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Example of current search #1: WIMP DM 17

Cherenkov Telesco.?efs. S A A = 3nd Step: TAKE INSTRUMENT
ey OB LS DATA
mmlR = With MAGIC: actual data
m With CTA: simulated data

Instruments reach

10-2?

10-22

m 4nd Step ANALYSIS
m |f detection - go to Stockholm! o
® |f non detection - constraints on DM properties &

(this model is ruled out)

ope  ° Theses (LM) DM phenomenology, [t S—"
AV?\‘OW * instfrument dafa reco pipelines, B
data analysis o pe

DM mass [TeV]



gDMbounds: data portal

= O micheledoro /| gDMbounds

Code ) Issues 10 1 Pullrequests G Discussions ») Actions [ Projects [ Wiki Security Insights 33 Settings

€% gDMbounds ' Public - Urwateh @) -

Plotting style  antique

m hitps://github.com/michel
— = edoro/gDMbounds/ gather
CTA (2021): MW Inner Halo, bb (ann.), sensitivity (with systematic uncertainties) exp eri m e n .I. O | d O .I. O O n d

Collider searches (2015): ATLAS and CMS (LHC), bb (ann.), Assuming a thermal cross section of 2.2e-26 cm3s-1

Direct detection (2015): COUPP, bb (ann.), Spin-dependent, assuming a thermal cross section of 2.2e-26 cm3s-1 WO r|< O n -I- h e m

FERMI-LAT (2020): Combined dSphs (27), bb (ann.), Frequentist global fit limit (1 DOF)

H.E.S.S. (2022): MW Inner Halo, bb (ann.)

HAWC (2018): Combined dSphs (15), bb (ann.)

BN VERITAS (2017): Combined dSphs (3)/Bobtes] dSph/Draco dSph/Ursa Minor dSph, b
HAWC (2018): Combined dSphs (15), bb
MAGIC (2022): Combined dSphs (4), bb
Direct detection (2015): COUP
HESS. (2022): MW Inner Halo,
CTA (2021): MW Inner Halo,
FERMI-LAT (2020): Combined dSphs (27), bb
—— Collider searches (2015): ATLAS and CMS (LHC), bb

Thesis LT/LM [Doro]
Gather new data, cast data

among experiments, discuss
results, ...

107 107
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Case #2: ALPs
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Case #3: Magnetic Monopoles

Dirac magnetic monopole

p = Magnetic Monopoles make Maxwell’s equat
V-E=L .
€ symmetric - :-)
V-B=0 The Equation of Motion of the Monopoles
d
VXE=—E m;(yv)=gB—(fP+mHy)v
61’ E Acceleration in Intergalactic Magnetic Fields
VXB=pl + 55— = MMs produce huge atmospheric showers in the
atmosphere!
- radius (cm) B=g/1> Magnetic field of a point-like

Electroweak unification: W, Z bosons

+--==- Grand Unification: X, Y bosons
|

Rewriting bounds from experiments



Physics of Supermassive Black Holes -

Recently, frame-dragging (from General
Relativity) has become measurable with
current space missions allowing to
determine properties of supermassive
black holes (e.g. mass, spin, accretion disk,
particle physics).

<4——— Observer

Such properties can shed light onto the
formation of jets, the feedback in galaxies,
accretion history, particle physics, and
much more.

[Bottacini]



Curiouse

m Theses proposed depends on opportunity at that
time and student wishes.

m fenomenology/data analysis/simulation
m hardware/software
" Padova/European partner

m Offer can be declinated to all Physics and
Astronomy cicles

m Keywork ‘gamma-ray astronomy’ on theses webpage
hitps://tesi.dfa.unipd.it/

m Betfter to contact one of us to discuss options!

You can join our
weekly meeting Uit

at 10 room 313 ’r.o.ge’r
to know our acftivities
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Contacts

= Speaker: Office n. 117, Paolotti Building michele.doro@unipd.it

® Mail: heap@lists.dfa.unipd.it

= Group:
Instrumentation (photosensors): Mose Mariotti & Riccardo Rando
Black holes and relativistic jets in AGN: Elisa Bernardini & Elisa Prandini

Radiative mechanisms in galactic objects: Luca Zampieri

High energy neutrino astrophysics: Elisa Bernardini

Fundamental (astroparticle) physics: Michele Doro & Alessandro de Angelis
High energy surveys: Eugenio Bottacini & Riccardo Rando

Intensity Interferometry: G. Naletto & L. Zampieri
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(Thorne 1974)

M. Doro - Gamma-ray Astronomy - IS




