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Tomographic Approaches for WIMP Search

×
•  The fluctuations in the gamma-ray field need to be statistically correlated to the DM distribution in the 

universe (i.e. the DM fluctuations on top of a smooth Universe).


• Since dark matter is responsible for the weak lensing effect observed in distant source galaxies, any 
potential annihilation or decay from DM particles would be correlated with the lensing effect.


• The energy, redshift, and scale dependence of the cross-correlations have the potential to distinguish 
astrophysical signals from self-annihilating dark matter signals. 
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2-pt Correlation Estimator
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Random term, subtracted from the signal to reduce additive
shear systematic effects, random very-large-scale structures
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Covariance
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Hartlap factor =  ~ 0.78(Ns − Nb − 2)/(Ns − 1)



The Phenomenological Models

• The considerations of a potential cross-correlation signal were based on two 
phenomenological models - the power law and the log-parabolic models.
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Energy Redshift

Angle
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The Phenomenological Models (Contd.)

SNR = 7.17

Constraints from the Power-Law Model

Δχ2 = 51.43

Constraints from the Log-parabola Model

SNR =8.88

Δχ2 = 78.92
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The Physical Model

• The physical model considerations were divided into two primary categories:

1. Astrophysics-only contributions, consisting of Blazar components.

2. A dark matter component, consisting of a certain dark-matter model.

Ξ(θ) =
Added DM component

ABLZ−1halo × Ξ̂ar
BLZ−1halo(θ, μ, p1) + ABLZ−2halo × Ξ̂ar

BLZ−2halo(θ, μ, p1)

Astrophysical components

+ ADM × Ξ̂ar
DM(θ)
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Blazar-only
Blazar+DM

• Dominant 2-halo Blazar component.
• E-dependence not well-reproduced.

• Dominant DM component.
• E-dependence well-reproduced.
• >5-sigma preference for BLZ+DM

⟨σannν⟩ = 32+10
−8 ⟨σannν⟩th

mDM = 363.07+138.10
−39.48 GeV
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The Physical Model (Contd.)
Constraints on the astrophysics-only components Constraints on the DM-inclusive model

SNR = 7.18 SNR = 8.89

Δχ2 = 52.1 Δχ2 = 79
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Summary
• Cross-correlations between tracers of gravitational structure and the UGRB 

have the potential to separate WIMP DM signals that annihilate or decay in 
gamma-ray energies. 


• Phenomenologically, a cross-correlation between weak lensing and the UGRB 
provides a significant detection of a signal, at an SNR of 8.9. 


• Physically, while Blazars appear to dominate the UGRB, with the current 
models, they cannot explain the stronger signals obtained using the log-
parabolic phenomenological model. 


• A change in the way the astrophysical components are modelled as well as 
combining the current observations with those obtained from galaxy clustering 
cross-correlations could provide better constraints on both astrophysical as 
well as DM signals.
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Fin.
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Blazars+SFGs
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SNR = 7.18



Blazars+mAGNs
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SNR = 7.18


