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Spectral features
• Studying diffuse emission of multi-wavelength photons is plagued 

with uncertainties, mainly due to an unknown background

• An observation in this channel would be subject to many tests 
before we claim a discovery
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Indirect Detection with Gamma rays
Gamma-rays spectral features

• Spectral features present a very clean way to 
pinpoint dark matter !  Smoking gun

1. Gamma-ray lines 

2. Internal Bremsstrahlung

3. Gamma-ray boxes and triangles
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• Consider the process:       
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One-step cascades and “boxed” spectra
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• The intermediate be either a scalar or a fermion

10

Scalars or fermions

• Isotropic radiation of photons in 
the rest frame of the scalar  

!

• Decay modes: #%!!  or #%! Z 

• Angular distribution of the 
radiated photons 
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Measured flux - triangles
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Measured flux - triangles
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• Expected flux at earth:
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Measured flux - triangles
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Models and physical 
realisations
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What do we need?

• A stable —or long lived— dark matter particle

• An intermediate state —fermion or scalar— 
which couples to DM

• A decay channel of the i.s. into photons (with 
sizeable BR)
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involved

• Models involving the U(1) SSB and PQ mechanism

Ibarra, Lee, SLG, Park, Pato (arXiv:0810.5397) 
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Models for boxes

1. A DM Dirac fermion ' , a scalar 
( , and a pseudo scalar )  

2. Different annihilation modes 
''%)( , ''%))  and ''%((  
depending on *')

3. Branching ratio )%++  of 
20-100% depending on the 
choice of the anomaly factors 
involved

(Motivated by the galactic 
positron excess)

1. A TeV DM Dirac fermion '  
with dominant annihilation 
mode ''%)(  (s-wave)

2. BR into photons of ≈10
-3
; 

simultaneously boost factor 
of ≈10

3

3. Only wide boxes

• Models involving the U(1) SSB and PQ mechanism

Y. Nomura, J. Thaler (arXiv:0810.5397) Ibarra, Lee, SLG, Park, Pato (arXiv:0810.5397) 
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Models for triangles

Preliminary

Ongoing work in collaboration with A.Ibarra, E. Molinaro, M. Pato.
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• If Yukawa was not chiral !  equal amount of right and left 
handed sterile Neutrinos ! boxes

• Asymmetric dark matter (ADM) and U(1) symmetry identified 
with lepton charge

• First clear indirect detection signal for ADM models 

26

Models for triangles

�� ! ND,RND,R ! �� + ⌫⌫

Ongoing work in collaboration with A.Ibarra, E. Molinaro, M. Pato.
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Comparing with 
experimental data
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Upper limits on the cross section

• We draw limits on the annihilation cross 
section for all the possible phenomenologies

• We perform a sliding-window profile 
likelihood analysis all the sets of mock data

• We use three different sets of data: H.E.S.S., 
Fermi and CTA (prospects)
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Upper limits on the cross section
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Upper limits on the cross section
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Prospects on CTA
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]
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Prospects on CTA
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]
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• Spectral features in the gamma-ray sky would be an unequivocal 
signal of dark matter

!  If not observed it constrains strongly such scenarios

• Gamma-ray boxes are a third kind of spectral features that show 
naturally in some scenarios circumventing issues such as fine tuning

• There are feasible models that have such a behaviour and through 
this analysis we may set powerful limits on such scenarios

• Gamma-ray triangles are the only known DMID signal known for 
a ADM scenario
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Conclusions
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attention!!
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Performance of CTA
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Prospects on CTA for boxes
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]

¥ We deliver prospects on the upper limits and sensitivity 
for the forthcoming CTA experiment 

¥ Using information delivered by the CTA consortium we 
simulate 300 sets of mock data using a well motivated 
background:
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Prospects on CTA
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]
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Prospects on CTA
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]

¥ We perform a sliding-window proÞle likelihood 
analysis all the sets of mock data
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Prospects on CTA
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]

¥ We perform a sliding-window proÞle likelihood 
analysis all the sets of mock data
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Concrete model  A
Ibarra, Lee, SLG, Park, Pato (arXiv:0810.5397) 
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(Motivated by the galactic positron excess )

Setup:

1. A TeV DM Dirac fermion '  with dominant annihilation 

mode ''%)(  (s-wave)

2. BR into photons of ~10-3

3. The scalar (  is responsible for a boost factor of ~10 3
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¥ Such a theory arises naturally where / '  is generated 

by the SSB of a global U(1)X  symmetry (X! PQ) )  is 
the axion-like particle related to this symmetry 

¥ Physical parameters:
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Wide box
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Models A and B

A:

B:
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Limits on the models
Ibarra, Lamperstorfer, SLG, Pato, Bertone arXiv:1503.06797 [astro-ph.HE]
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• Branching ratio of .  into two photons
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