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The Mass Scale of Dark Matter

DM: Long Story Short...
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The Mass Scale of Dark Matter

Heavy DM masses
are hard to probe
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How Difficult: the case of WIMPs

From arXiv:2107.09688
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How Difficult: the case of WIMPs

From arXiv:2107.09688
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¢ |ndireCt DeteCtiOn: Can already offer valuable information!



Indirect Detection: from DM to Cosmic Rays

DM annihilation or decay in
astrophysical targets

DM annihilation/decay Primary channels Final products O b se rvatl on
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* 7y-Rays
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Stable states
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[Part' J Back to WIMPs: Minimal Dark Matter

(arXiv:hep-ph/0512090)

Minimal Dark Matter

Consider a generic EW multiplet:

X1

_ X2
X = ].C, SU(2)EW and Y. (1)

Xn

The DM candidate is the neutral component of the n-plet, \°.

* DM stability: DM is the lightest component of the multiplet

* Still Allowed: DM cannot have tree-level couplings to the Z boson
I:>strong limits from Direct Detection
* Free parameter: the DM mass. Can be fixed by requiring the correct relic
abundance!



A closer look to real WIMPs (odd n and Y=0)
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A closer look to real WIMPs (odd n and Y=0)

1 2 1,5 5
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Zt = 5x (10" Dy — My ) x.,

Forn = 3 multiplets DM stability is achieved by
enforcing a Z, symmetry

)\Xf-i

Real Scalar

Majorana Fermion

Forn = 5 multiplets DM stability comes from an
accidental Z, symmetry

We focus on the smallest accidentally stable
MDM multiplet: the Majorana 5-plet



MDM & Thermal Freeze-Out
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DM Abundance is fully
controlled by the
annihilation cross-section

(o4 2 Tree-level
o — 9220+ 1707 — 19) . True but... Inaccurate!
‘rel — Ccross-section

2567 g, M2

Important Nonperturbative & Nonrelativistic effects modify the annhilation cross-section

e Sommerfeld Enhancement
e Bound State Formation



SE & BSF

Sommerfeld: Long Range Effects modify the DM wave function
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BSF: DM forms Bound state via the emission of a gauge boson
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SE & BSF: 5-Plet Results

Thermal Mass Window @NLO:
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Indirect Detection: y- Ray Flux

MDM annihilates in SM gauge bosons producing (in
principle) detectable Cosmic Rays

Inourcasea =y

da® )l _ e (ro 2 ds ( pom(s))” Z ov) dNf)
dEgL 2 MX Jlos = pO - f dE

\._/
ann

J |
| f

Astrophysics Particle physics

The annhilation products can shower/decay/hadronize in stable SM
particles (photons in our case)



DM Photon Spectrum

Spectrum @ Mpy, = 13.7 TeV Spectrum in the Thermal Mass Window
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Choice of the Targets
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Current Constraints: spectrum at low-energy
(~ hundreds of GeV)

FERMI-LAT measurements of the Exploiting the
Galactic Diffuse can set stringent interplay of BSF
constraints on the 5-plet continuum & SE
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Background Modelling
APy, (E)
dE,

Two relevant components
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Both of them provided by the FERMI collaboration via template fit!



Statistical Procedure for the FERMI Analysis

1) From flux to counts

. - [Ein dPR E
Nt bee = DRM? / dE, —2 b ”’)5301(3},)

— 7 ™
l Effective exposure (~ Effective

Detector R Matri ' '
etector hesponse Matrix Area X Observation Time)

(~ Energy Resolution) Template bkg +
photons from DM

2) Compute the theoretical number of events

*"Nrtih(f{'a Adir, Ajso) = Adiﬁﬁ"fﬁﬁ T ‘4isOiN'riio + f{'iN'rti)l\--'I

3) Build the (Poissonian) Likelihood
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Current Constraints: spectrum at low-
energy (~ hundreds of GeV)
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Current Constraints: spectrum at low-

energy (~ hundreds of GeV)

At which core size does the 5-plet escape exclusion?
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Extreme changes of the DM
profile can still mitigate the
exclusion!



Current Constraints: spectrum at low-
energy (~ hundreds of GeV)

At which core size does the 5-plet escape exclusion?
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How robust is the exclusion? Extreme changes of the DM
profile can still mitigate the
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Future Constraints: spectrum at high-
energy (~ tens of TeV)

The forthcoming Cerenkov Telescope Array (CTA) will explore
the multi-TeV range with unprecedented resolution
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Extract the upper limit on the
observation time (including the
systematic error on the J-factor!)
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Observation Time Forecasts for
Northern Dwarf Spheroidal Galaxies
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Lesson: y- ray continuum matters!



[ Part || ] Evaporating Memory Burdened PBHs

fraction f of DM

The Standard Picture:

MACHO or PBH mass M in solar masses
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Can be shorter than ;! SO:
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BHs emit thermal radiation at the Hawking temperature

[

PBHs with masses below about 101° g are

too unstable to be DM

J But...




Memory Burden Effect in BHs in a Nutshell

...Hawking’s argument is

semiclassical
1) BHs are high capacity systems for

storing information (and they are not
the only ones!)

2) Information is stored in gapless
memory modes: no energy cost for
storage (Goldstones from Symmetry
Breaking)

3) Asthe BH emits (Hawking
Evaporation), memory modes acquire
energy: altering/ releasing information
becomes increasingly expensive.

4) Backreaction: The system resists its
From M. Zantedeschi’s talk at PLANCK 2025 decay'

Essence of Memory Burden: The memory stored in a configuration resists its decay.




Practical Take-Home Messages for Pheno

1) Backreaction stabilizes the

. \Semiclassical BH:
1 4 : : ,
| [ 72,

2) MB can kick at latest
around half-mass
semiclassical evaporation

3 N I . MB floor : ,

time

e — | > _AM

Iformation Tsc TSC/ 2 ttoday [ = M q <1 / 2

T™™MB = 4 7SC
Three relevant scenarios can occur: 3) Transition to the MB phase

memory-burdened PBHs is not instantaneous (6 =

transition to the MB phase width)

3) Fasttransition to the MB phase (most popular in the literature)



Consequences for Indirect Detection: Fluxes

Photon fluxes for the merger case
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Final Constraints
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Conclusions

ID of WIMPs:

® Present data on the galactic diffuse can already place stringent constraints on the
MDM 5-plet, particularly on the continuum from BSF.

®» [uture Telescopes such as CTA will be able to probe the model in the next decades by
pointing the detectors towards dSphs.

ID of Memory Burdened PBHs:

®» Memory Burden inhibits the decay of PBHs. Three scenarios considered: Merger, Slow
and Fast transitions.

®» Stringent, Dominant constraints from y-rays and UHE photons: including the bkg
enhances sensitivities!
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