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Motivation
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Indirect detection: annihilation of dark matter (DM)
particles = gamma rays

WIMP = Weakly Interacting Massive Particle
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Why branons?

N
» WIMPs: plausible DM candidates
» up to now, no univocal evidence of GeV WIMPs (e.g. Fermi, CERN)
» what to look for next? — TeV DM

» branons are an interesting example of TeV WIMP candidates that
could account for the right amount of DM
[Cembranos, Gammaldi+12, Cembranos, Gammaldi+13]
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Photon
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https://ui.adsabs.harvard.edu/#abs/arXiv:1204.0655
https://ui.adsabs.harvard.edu/#abs/arXiv:1302.6871

Branons

» theory: brane-world extension of the Standard Model (SM)
[Cembranos+03]

» the existence of large extra dimensions has been proposed as a
new setting for a possible solution to the hierarchy problem

» branons are brane vibrations

w(ps) . (o)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.241301

Branons

g
» WIMPs that annihilate producing SM particles [Cembranos+11]
» Branching ratios depend on branon mass: B! = Bi(m,)
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Right panel of Fig. 1 from AAS+20
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.043505

Branons spectra
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plots computed using PPPC4DMID [Cirelli+11] and applying electroweak corrections

annihilation flux
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http://www.marcocirelli.net/PPPC4DMID.html

Cherenkov Telescope Array (CTA)

32 countries.
. 94parties
210 institutes
1820 members (454 FTE)
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CTA Iayout (under discussion) @
"“ .p’

A few large telescopes

to cover the range ~km? array of medium- - ~4km?2 array of small-
20 - 200 GeV sized telescopes for the size telescopes,
100 GeV to 10 TeV domain sensitive above a few
TeV up to 300 TeV
15 MSTs [N]

4LSTs [N & §] 25 MSTs [S] (+ 24 SCTs)

70 SSTs [S]

Adapted from W. Hofmann
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CTA targets

Galactic Center Galactic Plane

Transients
Key Science Projects

Cosmic » major scientific
s PeVatrons

Active
Galactic
Nuclei

?;‘flfrfoidal » surveys and deep
Galaxies {1 arge obgervatlons of key
Magellanic objects
{ Cloud We are focusing on
lsrt)all'l;ning dwarf spheroidal

galaxies (dSphs)
Galaxy
Clusters
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Analysis pipeline

1. Use CTA standard tools for analysis: ctools
2. Simulate branon spectra as would be measured by CTA

i) we compute (ov) values needed for a 50 detection
ii) we compute 95 % c.l. upper limits in absence of a signal

Considerations and targets:

» J-factor (assuming puntual sources) from two dSphs:
Draco (North) and Sculptor (South)

» latest instrumental response functions, w/ zenith angle
of 20 deg

» 300 h of observation using the whole CTA energy range
(expected observation time for a dSph in the first years of CTA
operation)

» wobble analysis, simulating instrumental background once
» 100 MonteCarlo seeds for each dwarf and DM mass
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Analysis flowchart

o2
| Target m [V Tonstl  (RA.DEC)iesl  J[9SFC|  (Emin, Emax) [TeV] |
Draco  [0,1,60] 300 (260.05, 57.915)  1,42-10'9 (0.03, my)
Sculptor  [0,1,60] 300 (15.0375, -33.7092) 3,56 - 10'8 (0.03, my)
branon
spectrum
simulation u.. 29) upper limits
deprease
signal detection (50)
analysis <:va>vi |
if detection < 50 if detection > 50
[ecaculaie if detection far if detection close <c§>a\\//ealue
from 50 to 50
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Results

Cross section as a function of the branon mass

10—22 - 10—22
Draco, detection Draco, 20 u.l.
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(ov) values for detection upper limits for (ov)

nearly two orders of magnitude far from the thermal, at best
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Results

Cross section as a function of the branon mass
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blue dash-dotted: W*W—, 500h, older IRFs [Carr+15]
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https://ui.adsabs.harvard.edu/abs/2015ICRC...34.1203C/abstract

Results

Brane tension as a function of the branon mass
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—— thermal branons
* GC, Cembranos+13
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large region of the mass-tension parameter space excluded,
expanding previous results from other experiments and messengers
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Conclusions

» Branons are good TeV DM
candidates

» CTA has superb capabilities to
probe these models

» Dwarfs are one of the best targets
to test branons

» Competitive results, compatible
with current predictions for generic
WIMPs

» Significant portion of the
mass-tension parameter space will
be excluded

Thank you! |
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