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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

Tangential ellipticity of source
galaxy 1, in redshift bin r, relative to

Photon intensity flux in energy bin
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Covariance
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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.

P 2 Ea —0
> X E{ .0 + Ay X <—> X <
EP

1 +z,
1 +z,

1 +z, )ﬂz

X 29 ()
1+Zp 2—ha10

2(@)p = A, X (—:>_al x (

E, \—an loglof;—g I + Z,
) X < X Ey 1atol®)

E(H)LP = A X <_a 1+

Ea

E >—0‘2—72 10g10E_p < 1 + Z, )ﬂz 2
X

E, <p p T %




" — Log-Parabola
6. Power Law
5- Redshift o
4 -
< 3
2 1
1 ‘ /.
0 1
&
-1 -

10794 —— Log-Parabola
_ Power Law
5 1077 r
' | /—tl_;_ Energy
c 1078
HU | /
|
>
§ 107°;
;(’ 10—101
g |
< |
< 10—11.5
e
E [GeV]
10~4
107>
10~° .
PSF-like (1-halo) (Power Law)
- PSF-like (1-halo) (Log-Parabola) ™|
| —— Total Model (Power Law) \
—— Total Model (Log-Parabola) ‘\
10-8 - 2-halo (Power Law) “\
| —— 2-halo (Log-Parabola) \
I E— :

0.4 0.5 0.6 0.7 0.8 0.9

Data set

Full Low-z High-z Low-FE High-F Small-6 Large-6

AxZ 789 340 753 233 554 582  73.7
SNR,, 888 245 870 4.89 749 242  8.58

e v . 102
6@ (arcmin)

Ax: 0l.4 092 53.7 15.8  38.7 8.72 47.3
SNR 7.17 166 7.34 403 6.24 2.96 6.88



The Phenomenological Models (Contd.)

Constraints from the Power-Law Model Constraints from the Log-parabola Model
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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.

Added DM component

=(0) = ALz 1halo X EBLZ-1hatol0: #>P1) + ABLZ 2hato X Eg1z-2na1o(0s #- P1) + Apm X Ep(6)

Astrophysical components



10_63

A/AE, x (1,)[GeV~tcm™2?sr1]

10_73
10_83

10_9@

— B

—— Total Physical Model
B

 Z-1h

Z-2h

Blazar-only

10° 14*

E (GeV)

10° 10°

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

10

A/IAE, x {1,)[GeV~tcm™2sr™1]
-
<

<Ganny> — 32+1O<Ganny>th

—38

—39.48

— — D

N B

—— Total Physical Model

Mann — bb
| Z-1h

~_| — B

_

| Z-2h

Blazar+DM

NN

10 10

E (GeV)

 Dominant DM component.

102 108

 E-dependence well-reproduced.
e >5-sigma preference for BLZ+DM




The Physical Model (Contd.)

A2nhalo
2

M1
-

Constraints on the astrophysics-only components

SNR =7.18

Ay? =52.1

WQ

N
-
o
A

® L S ,\"o ,,’9 b:? Q)0
A1halo P1

11

p1 1 Apm A2 - halo

log1o (Mpm)

SRR

S
24

Constraints on the DM-inclusive model

SNR = 8.89

Ay? =79

B

QS 0
09%,\@

A1- halo

S 0
@%,3,

A2 _ halo

D © ®

IL» th fLo

log10 (Mpm)




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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Blazars+SFGs

1 SNR = 7.18
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Blazars+mAGNs
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