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Detection strategies per mass range
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Detection strategies per mass range

THIS TALK: Focus on y rays
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What tools?
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IACTs

G eV - Tev S ky Significant CR contamination

+ limited FoV
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GeV - TeV sky

Coming up
CTAO surveys

>300 MeV
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Part 1: thermal DM
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Annihilation cross section {(ov) in cm3/s

State-of-the-art constraints

All Indirect Detection constraints
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State-of-the-art constraints

Latest: Legacy Analysis of Dark Matter Annihilation from the Milky Way Dwart
Spheroidal Galaxies with 14 Years of Fermi-LAT Data (30-50 dSphs)
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The big picture
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The big picture

10_22 Leane+ PRD’18

Qwimp = Qpm
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1) CTAO is arguably the only experiment in a position to close the TeV gap.
AMS-02 complementary, systematics due to CR propagation significant.




The big picture
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2) CTAO + LHAASO, Ice Cube etc.

Note: TeV+ DM mass range - theoretical dragon-land
- at mDM = few TeV expect long-range behavior with bound states playing a role
- there is no model-independent unitarity limit on mass of thermal relic DM

- ovrel « 1/vrel and rich resonance structure expected



The big picture
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Few words about the GCE:

Mind the gap: the fact that reality is not part of the (background) model is a limiting factor of
many (all?) current works. Which current results trustable?

ML (Deep SVDDs) offer a possibility to test severity of the reality gap [Caron+, JCAP 06 (2023) 013]




The big picture
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Multi-wavelength measurements essential:
 SKA (pulsars in radio) [Calore+, Astrophys.J. 827 (2016)]

Ve CTA (IC from electrons injected by pu|5ars) background) model is a Iimiting factor of
m  [Manconi+, 2402.04733, etc] table?

ML (Deep SVDDs) offer a possibility to test severity of the reality gap [Caron+, JCAP 06 (2023) 013]




CTAOs sensitivity to thermal DM

CTA exposure
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Spectral signatures

[CTA Consortium, 2403.04857]
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Target 1: Galactic Center, smooth spectra
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Target 1: Galactic Center, smooth spectra

Spectra
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http://zenodo.org
https://doi.org/10.5281/zenodo.4057987

Target 1: Galactic Center, smooth spectra

Results
[The CTA Consortium, JCAP 01 ( 2021) 057]
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Target 1: Galactic Center, smooth spectra

Results

Know thy ‘backgrounds’

- diffuse emission (IC in particular) - the most important background

for DM search at the GC

- Determination of IC —> GCE

[The CTA Consortium, JCAP 01 ( 2021) 057]
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Target 1: Galactic Center, spectral features

excellent energy resolution of
CTAAE/E ~5—-8% (E >1 TeV)

Studies of:

— annihilation (loop suppressed)
— virtual internal Bremsstrahlung

— decay of long-lived mediators
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Target 1: Galactic Center, spectral features

Results
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http://zenodo.org
https://doi.org/10.5281/zenodo.10792466

Target 2: dSphs

Three dSphs per hemisphere

—> have the best trade-off
between the expected signal
intensity and the uncertainties
on the astrophysical Jann factor

MW dSphs
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Good spectro-photometric data
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https://inspirehep.net/files/2af71933544e1089e0e4c65aac187bba

Target 3: Galaxy Clusters

Most massive virialized halos o
2 e J ‘-l. 2 “ . ‘ . .. :

Large reservoirs of DM but also hot gas and CRs

Not yet observed in gamma rays - CTA well
positioned for a discovery

0.8 Million light Year
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https://arxiv.org/pdf/2309.03712

Target 3: Galaxy Clusters

Most massive virialized halos

Large reservoirs of DM but also hot gas and CRs

Not yet observed in gamma rays - CTA well

positioned for a discovery

Likelihood fitting, 8 parameters
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https://arxiv.org/pdf/2309.03712

CTAOs sensitivity to ALPs

production + detection

Strong mixing regime:
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CTAOs sensitivity to ALPs

Galaxy clusters excellent target
Perseus cluster hosts NGC 1275 AGN at its center

and harbours a strong magnetic field, ~25 uG, modeled
as a random field with Gaussian turbulence

Planned 300h observation

Quiescent or flaring state

[The CTA Consortium; JCAP 02 (2021) 048]
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CTAOs sensitivity to ALPs

Galaxy clusters excellent target
Perseus cluster hosts NGC 1275 AGN at its center

and harbours a strong magnetic field, ~25 uG, modeled
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7 Note: Observations of several AGN can be

combined to further improve the CTA sensitivity.
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Outlook

CTAO will observe the TeV+ sky with unprecedented sensitivity:

- Unique experiment capable of testing thermal DM in TeV range (where PP
phenomenology expected to be rich)

- Excellent sensitivity spectral features
- Should be able to address the origin of DM signal hints from Fermi LAT
- Promising sensitivity to DM ALP models (and PBHs!) Poster: Glicenstein

- Not only DM - tests of LIV together with other HE instruments (LHAASO, Pier
Auger...) Poster: Plard

Surprises?
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EXTRA SLIDES



Lorenz invariance tests with CTA

Many QG models that lead to a vacuum velocity of light that is energy
dependent

Dispersion measure
2.2 _ 2 o/ rQ
cp” = Ey;i‘ga(Ey /EQG) Eq - correction factor, with the leading
inear (@ = 1) and quadratic (a = 2) terms

For measuring dispersion due to LIV there are three criteria that an ideal
probe should meet:

* emit very high energy photons (>10 TeV, SSTs!)
* be very distant,
® cxhibit variability with good statistics

—> energy-dependent time delay AGNs, GRBs, ...



Lorenz invariance tests with CTA

LHAASO, Phys.Rev.Lett. 128 (2022) 5, 051102

Consider LHAASO J0534+2202 and LHAASO J2032+4102 - two sources with the highest energy
Y-like events up to PeV energies. The ultra-high-energy y events are used to constrain the LIV
effect, which is predicted to give hard cutoff to the energy spectra of y-ray sources due to the
MDR-induced photon decay or splitting.

10% )
B E.

()
ELwv

the superluminal LIV case:

10%
- photons can decay into a pair of

electron and positron, y = e—e+, as At e'e

long as the threshold condition is e
satisfied - leads to a sharp cutoff in the 107
L

Y-ray spectrum

- photon splitting into multiple photons,

Yy — Ny (3y), also results in a hard cutoff 2

I| II I| I| I| I| II I| I|
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Lorenz invariance tests with CTA
[The CTA Consortium; JCAP 02 (2021) 048]
potential of CTA to detect or constrain LIV with two blazars, Mrk 501 and 1ES 0229+200

flaring state of Mrk 501 and a long-term observation of 1ES 0229+200 are simulated for 10 hours
and 50 hours

CTA potential to test LIV-induced modifications of the pair-production threshold in y-ray
interactions with the EBL.

| | [ B ! | L B B B I Tl

- Mrk 501 T
Py o Fitted Intrinsic Spectrum E(:u'r =50 TeVH
i -10
w 10 F E
o B ]
© - ¢ Simulated CTA Observation ]
> i Best LI Fit |
b ¢ o ®
=T Best LIV Fit (n=2) : )
Q) 10k B =9.7 x 102V Y :
o) - * ]
= ‘
e i _
o
Lﬂ -12
10 F E
_1 | | |111|1|0 I I 11111||l 1 I 1|11112
10 10 10 10

Energy, E [TeV]


https://doi.org/10.1088/1475-7516/2021/02/048

Lorenz invariance tests with CTA

[The CTA Consortium; JCAP 02 (2021) 048]

potential of CTA to detect or constrain LIV with two blazars, Mrk 501 and 1ES 0229+200

flaring state of Mrk 501 and a long-term observation of 1ES 0229+200 are simulated for 10 hours
and 50 hours
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Lorenz invariance tests with CTA

LHAASO, Phys.Rev.Lett. 128 (2022) 5, 051102

Consider LHAASO J0534+2202 and LHAASO J2032+4102 - two sources with the highest energy
Y-like events up to PeV energies. The ultra-high-energy y events are used to constrain the LIV
effect, which is predicted to give hard cutoff to the energy spectra of y-ray sources due to the
MDR-induced photon decay or splitting.
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PBHs

fraction f of DM
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PBHs
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Search for TeV gamma-ray bursts with a timescale of a few seconds to a few minutes, as expected
from the final stage of PBHs evaporation @ ~ 40 TeV(1 s/At)"/3

H.E.S.S. is sensitive to PBH evaporations up to distances of order rO = 0.1 pc
[HESS, JCAP 04 (2023) 040]



Searches in astrophysical/cosmological data
Signatures? Particle DM (‘Tait’) landscape
1. Injection of SM particles/Cosmic rays = |WIMP/thermal DM

- In DM DM interactions

thermal DM Y, °
DM SM \

Lig

V, = Sterile v
) ei
’ )
p“—“ Little Higgs
DM SM D
- Little Higgs
. Axonkm
- In DM conversions/decays
sterile neutrinos y axions

Ultra—-light scalars, axion
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- PBH evaporation...




Searches in astrophysical/cosmological data
Signatures? Particle DM (‘Tait’) landscape

R-parif NMSSM
\ \ , MSSM \ viop\:til:é

_— Supersymmetry
N/ /
N/

2. Altering of behaviour of astrophysical systems

- capture by stars or planets

- changes in stellar evolution

- or (planet) internal temperature Light bosons

e

SM

- cooling of stars via DM channel

Axions/ALPs -
Axion-like Particles
TTaitl
) ) ) [hcr_' . Planck scale
Ultra—-light scalars, axion Vs particles ]0_1(1{ 1 1010 1020 1030 1040kg
I30 t :20 + :10 + t t :1 t {20 t 3%‘) t t t } t } } } } |
10 10 10 ? 1 10 10 10°"eV Primordial T
Thow weak scale Biick hole Solar mass

Dark Matter 'spike'

Cold DM “dress” around (P)BHs => de-phasing of GW-form Light boson fields around BHs => Super-radiance
Gondolo&Silk PRD’99; Zhao&Silk PRD’05; Kavanagh+ PRD’18; Coogan+ arXiv:2108.04154 Brito+ Lect. Notes Phys.'15



Searches in astrophysical/cosmological data
Signatures? Particle DM (‘Tait’) landscape

NMSSM

R-parity
MSSM violating

= Supersymmetry
N/
!

pMSSM
I\
\ —
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3. Purely gravitational interactions with visible matter

- gravitational lensing

A/

7\

Micro lensing (asteroid to solar masses))

Galaxy-galaxy lensing
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Little Higgs

Self-interactions?
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Axion-like Particles
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Micro-lensing
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Stellar stream in a smooth galaxy

- stellar tidal stream disruptions =

Stellar stream in a clumpy galaxy

- stellar wakes...

Bonaca et al. (2014)



Detection strategies per mass range

Super-radiance

GW EMRI dephasing PBH mergers & SGWB
GW NS mergers
NS heating
w = SMBSD_ _ _ _ CMB SD CMB SD
; I X&7vyrays : Xrays 17, cosmicrays &V I Radio, X &7 rays |
| I | 1
i . . . .
1 ! Radio lines " X-ray lines 1 | ' |nJeCt|Oﬂ Of SM par t’CIeS
g
" Microlensing 0 D " Microlensing L
I ! I 1 i 1
I Structure formation : I 1 ¥ Structure formation 1
|
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Fuzzy DM ] QCD axion/ALPs , Sterile v WINMPs & WIMPzillas i PBH

7 1

1
e "WIMP/thermaI' DM

Y rays - straight lines, high statistics

v - straight lines, lower statistics but catching up

nnnnnnnnnn
Light
rri

Solitonic DM

CRs - complex diffusion and energy loss processes

Dimensions

THIS TALK: Focus on 7 rays -> WIMP and ALPs (PBHs)

Axions/ALPs




