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Standard Model is great and all but …
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WIMP Origins
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Neutrino Portal to Dark Matter
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Indirect Detection
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Final Products
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Dark Matter Searches
What and where to look?
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GAMMA-RAYS

NEUTRINOS

COSMIC RAYS
LOCAL 

SOURCES 
(Sun, Earth)

GALAXY CLUSTERS
DWARF SPHEROIDAL 

GALAXIES
GALACTIC HALO

GALACTIC CENTER

CREDIT: JUAN AGUILAR, ESDU 2018
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Dark Matter Annihilation and Decay to neutrinos 
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ANNIHILATION DECAY
EXPECTED GAMMA-RAY SIGNAL DUE TO 

ELECTROWEAK CORRECTIONS
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Dark Matter Decay to neutrinos 
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NEUTRINO SIGNAL GAMMA-RAY SIGNAL

W± γ
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Annihilation
Galactic contribution
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FLUX FROM DARK MATTER IN OUR GALAXY
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Annihilation
Galactic contribution
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FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION 
SPECTRUM FOR DIRECT 
ANNIHILATION OF DM TO 
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Annihilation
Galactic contribution
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FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION 
SPECTRUM FOR DIRECT 
ANNIHILATION OF DM TO 

NEUTRINOS
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NAVARRO, ET AL. ASTROPHYS.J. 462, 
ARXIV:ASTRO-PH/9508025

https://arxiv.org/abs/astro-ph/9508025
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Annihilation
Galactic contribution

12

FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION 
SPECTRUM FOR DIRECT 
ANNIHILATION OF DM TO 
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THERMALLY AVERAGED DM 
ANNIHILATION CROSS SECTION
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Decay
Galactic contribution
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FLUX FROM DARK MATTER IN OUR GALAXY
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Decay
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FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION SPECTRUM 
FOR DIRECT DECAY OF DM TO 

NEUTRINOS *


 


* WITH GAMMA-RAY PRODUCTION 
BECOMES MORE COMPLICATED DUE TO 

ELECTROWEAK CORRECTIONS
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FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION SPECTRUM 
FOR DIRECT DECAY OF DM TO 

NEUTRINOS *
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FLUX FROM DARK MATTER IN OUR GALAXY

NEUTRINO PRODUCTION SPECTRUM 
FOR DIRECT DECAY OF DM TO 

NEUTRINOS *


 


* WITH GAMMA-RAY PRODUCTION 
BECOMES MORE COMPLICATED DUE TO 

ELECTROWEAK CORRECTIONS

dNν

dE
= δ(

mχ

2
− Eν)

DM DECAY LIFETIME
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Annihilation and Decay
Extragalactic contribution*
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Extragalactic contribution also plays an 
important role! 
An isotropic neutrino signal is expected due to 
the annihilation and decay of Dark Matter of all 
other galactic halos of the Universe. 

* SEE ARGÜELLES, ET AL., REV. MOD. PHYS. 93, ARXIV:1912.09486 AND UPCOMING PAPER FOR A MORE DETAILED REVIEW.

https://arxiv.org/abs/1912.09486
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First we must detect neutrinos
Measured and expected fluxes of natural and reactor neutrinos
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SPIERING,EPJ H 37, ARXIV:1207.4952

https://arxiv.org/abs/1207.4952
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First we must detect neutrinos
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ARGÜELLES ET AL., IOP 23, ARXIV:1907.08311

https://arxiv.org/abs/1907.08311
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Detecting neutrinos
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MeV

 


GeV


TeV


PeV


EeV 

ARGÜELLES, ET AL., REV. MOD. PHYS. 93, ARXIV:1912.09486

https://arxiv.org/abs/1912.09486
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Neutrino Experiments
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MeV              GeV             TeV              PeV         EeV 

• Cherenkov detector at 
the South Pole.


• 1 gigaton of ice target 
with 5160 PMTs


• IceCube has a measured 
diffuse astrophysical 
neutrino flux in the TeV-
PeV range.
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Neutrino Experiments

22

• Cherenkov detector at the 
South Pole.


• 1 gigaton of ice target with 
5160 PMTs


• IceCube has a measured 
diffuse astrophysical neutrino 
flux in the TeV-PeV range.
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Annihilation results: s-wave
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p-wave ( ) and d-wave ( ) also computed.⟨σv⟩ = b(v/c)2 ⟨σv⟩ = d(v/c)4
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DIFFUSE FLUXES
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Decay results
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Neutrino Experiments
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MeV              GeV             TeV              PeV         EeV 

Dark Matter Search detecting gammas
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W± γ

C. Bauer, N. Rodd, B. Webber. 
10.1007/JHEP06(2021)121

BECOMES RELEVANT BEYOND 
ELECTROWEAK SCALE

ELECTROWEAK 
CORRECTIONS

https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP06%25282021%2529121&v=ea4e5583
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP06%25282021%2529121&v=ea4e5583
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Gamma-Ray Experiments
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Air Cherenkov. High Energy 
Gamma Rays (TeV)

Water Cherenkov. 
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Ice Top



DIYASELIS DELGADO                             DARK MATTER ANNIHILATION & DECAY TO NEUTRINOS  - DARK GHOSTS 2022                               MARCH 31,2022

Decay Results
Gamma-Ray Experiments
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* Taken from Marco Chianese (ICRC21)

*
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C. Argüelles, D. Delgado, A. Vincent, A. Friedlander, H. White, A. Kheirandish, I. Safa
In preparation (2022)
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Summary

30

• The nature of Dark Matter and origin of neutrino mass remain a mystery.

• Dark Matter neutrino connections offer solutions to both problems.

• We can measure both neutrinos and gamma-rays as final products of 

Dark matter decay to neutrinos  Correlated signal.

• Major experimental advances in neutrino and gamma-ray detection 

allows us to explore a wide mass range (MeV - ZeV).

• New constraints for gamma rays contribution lifetime limits will be 

reported on an upcoming paper. Stay tuned!

→
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Backup
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Gamma-Ray Experimental  Sensitivities
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Gamma-Ray Experimental  Sensitivities
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CTA
Ice Top

https://www.cta-observatory.org/science/ctao-performance/#1472563157332-1ef9e83d-426c
https://arxiv.org/pdf/1908.09918.pdf
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Gamma-Ray Experimental  Sensitivities
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HAWC

https://arxiv.org/pdf/1710.10288.pdf


DIYASELIS DELGADO                             DARK MATTER ANNIHILATION & DECAY TO NEUTRINOS  - DARK GHOSTS 2022                               MARCH 31,2022

Expected Gamma-Ray DM Flux
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Gamma-Ray electroweak corrections
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• The standard 1 → 2 decay process is .

• Higher orders involve the bremsstrahlung of an electroweak gauge boson.


• The branching ratio  only depends generally only on 
the details of the underlying 1 → 2 process for .


• We have three cases: 


1. Fermi regime  


2. Perturbative electroweak regime 


3. Non-perturbative regime where large logarithms over-compensate the 
small electroweak coupling 

χ → ν̄ν

R = σ(χ → ν̄νW) / σ(χ → ν̄ν)
Q2 ∼ m2

χ

mχ ≲ mW

mχ ≲ mW ≲ 106 GeV

α2

KACHELRIEß, ET AL.,PHYS. REV. D 76, ARXIV:0707.0209

https://arxiv.org/abs/0707.0209
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Converting Gamma-Ray Diffuse Flux Limits to Limits 
on the Dark Matter Differential Spectrum

37

• The reported gamma-ray flux limit, , for which the actual limit at the 
bin center  is:


.


• Dark matter flux is given by: 

dϕ
dE lim

≡ f0 E−α

E = Ē

Δ is the bin width

ϕlim(Ē) = 4π∫
a+

a−

f0E−αdE  with  a± ≡ Ē 10±Δ/2

ϕ = ∫ dE
1

4π
1

mχτχ

dNγ

dE
D(Ω, x)



DIYASELIS DELGADO                             DARK MATTER ANNIHILATION & DECAY TO NEUTRINOS  - DARK GHOSTS 2022                               MARCH 31,2022 38



DIYASELIS DELGADO                             DARK MATTER ANNIHILATION & DECAY TO NEUTRINOS  - DARK GHOSTS 2022                               MARCH 31,2022 39


