A novel approach in the WIMP guest:
Cross-correlation of
gamma-rays
and
cosmic shear
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Ex’waga\ac’fic y—ray baokgvound

Fermi two-year all-sky map
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Ex’waga\ac’fic y—ray baokgvound

Fermi two-year all-sky map
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At present the picture is depressing!
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what's Wrong wiTh Y= ays alone?

Let's take a typical WIMP model with an interactfion rate
such that the EGB is saturated in a given energy range.
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(see also A. Cuoco's talk)
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What's wrong with y=vays alone?
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Very difficult to extract a clear WIMP signature from the
exftragalactic gamma-ray background alone.
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What's wrong with y=vrays alone?
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What's wrong with y=vrays alone?
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Very difficult to extract a clear WIMP signature from the
exftragalactic gamma-ray background alone.
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Typical problem tor physicists

We need fo find a way fo isolate a signal which is there
but is hidden by a large "noise”.

Correlation with gravitational lensing:
Both gamma-rays from DM and lensing signals
are sef by the (dark) matter density.

The lensing map could be the filter we need.
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Anqular power spectrum

ISOTROPIC INTENSITY (L) = [dx W(x)
W = window function

X, = comoving distance

k = wavenumber, Limber approx: k = £/
3D POWER SPECTRUM f is (related to) the density field of emission

(fo OGR) 2 (X K)) = (2m)°0%(k — K') Py (k. x,X)

TWO-POINT ANGULAR POWER SPECTRUM

1 dy
i) = /—WZ: xX) Wi(x)Pij(k =£/x, x
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APS ingredients / window ftunction

Window functions
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The peak of the WIMP window function is af lower z than for astrophysical sources.
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APS ingredients / 3D power spectrum
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APS ingredients / 3D power spectrum
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The WIMP power spectrum has more power af infermediate scales (k~1-10 h Mpc™).
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Lessons

use spectral information

\g; (as customary for gamma-ray WIMP searches)

Lesson from slide 3
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use a fomographic approach

(nof possible with gamma-rays alone)

Lesson from slide 11

Iy
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use angular informatfion

(not possible with the autocorrelation alone
due to the blazars domination)

L esson from slide 13
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The cross-correlation lensing - gamma-rays allows us to effectively
combine different pieces of information
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Experiments
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Results
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A WIMP model, which is undetectable with gamma-rays alone,
can be instead clearly detected through the correlation with cosmic shear.

This test can be performed in the forthcoming future (DES + Fermi LAT).
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Fisher Matrix ftorecasts

Tomographic approach (for cosmic shear observations) and

energy binning (for y-ray observations) make the method much more powerful
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Conclusions

Detection prospects for the extragalactic gamma-ray background
induced by WIMPs are not very bright
if we look at gamma-rays alone.

The cross-correlation of

gamma-rays with weak-lensing cosmic-shear
can act as a sort of filter and help to
isolate a WIMP signature.

This technique will be tested in the near future:
Fermi-LAT — Dark Energy Survey
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APS uncerTainties
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significantly affect the possibility of deftecting a WIMP signal

(provided the WIMP emission is a relevant component of the EGB)
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3D PS uncertainties
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The relation between galaxy mass and gamma-ray luminosity is
fhe key ingredient of the 3D power spectrum of astrophysical sources.

Uncertainties are lower than in the autocorrelation case for annihilating DM.
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