Lectures on selected topics in Astroparticle Physics:
Lecture 3:
Indirect Detection of Particle (WIMP) Dark Matter

Pijushpani Bhattacharjee

pi j ush. bhattacharjee@aha. ac.in

AstroParticle Physics & Cosmology Division
and Center for Astroparticle Physics,
Saha Institute of Nuclear Physics, Kolkata

Pijushpani Bhattacharjee : Workshop - Sangam@HRI:2014, HRI, Allahabad, 24-26 Rfaitd — p. 1



Indirect Detection: WIMP annihilation
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Indirect Detection: WIMP Capture and Annihilation
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WIMP Capture and Annihilation Rates: Order-of-magnitude E stimates

Capture rate by Sun
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Proper calculations should include (1) Gravitational fsing of WIMPs towards Sun; (2) not every
scattered WIMP will be captured; (3) WIMPs have a velocitstalbution; (4) sun has other elements
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Is WIMP Annihilation Already Detected in Cosmic Rays?

Excess positrons in cosmic rays:
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FIG. 1: Cosmic ray positron fraction (left) and electrons+positrons fluxes (right) (figure from P. Brun & T.

Delahaye, CERN Courier Sep. 2009 issue).

But no excess is seen in antiprotons!
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Fitting the excess positron data with WIMP annihilationglecay :
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FIG. 3: Fit of the electron data with annihilating dark matter (M.Cirelli), decaying dark matter (A.Ibarra).

To avoidp-excess, can allow only “leptophilic” (and “hadrophobig/yMP coupling to SM patrticles.

Also need a “boost" in the annihilation x-section
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Also, there are conventional, astrophysical explanatidine e ™ -excess withoup-excess can be

well-explained in terms of pulsars as sources and/or a feashyesources of cosmic rays

E*J(E) (GeV’m™s™'sr™)
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FIG. 2: Fit of the electron data with pulsars (J.Bregeon) and p predictions in case of secondary production

within a supernovae remnant (P. Blasi).
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An extra factor ofl /2 if WIMP # anti-WIMP
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whereP S F' stands for the point spread function of the instrument.

r(0,0) = \/r% L 02 — 25 fcosh 3)

wherers ~ 8.33 4+ 0.35Kkpc, andcos § = cos b cos.

In convenient units:
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Gamma rays from WIMP Annihilation

WIMP doesn’t couple directly tg (else it won’t be ‘dark’!)
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Flg Ure 1:the gamma-ray spectrum per annihilation for a 100 GeV (t&ft) 500 GeV (right)
WIMP. Each curve denotes the result for a different domimamihilation mode. (From Dodelson).
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pr) = (%)7 1+ (r/ri()) a](B=y)/e’ (©)

Model a B 06 Ty
[GeVcnm?] [kpc]
Mooreetal. | 1.5 3 1.5 0.27 28
NFW 1.0 3 1.0 0.30 20
Kravtsov |[2.0 3 0.4 0.37 10

Table 1 . Parameters describing some common halo profiles of the fesurihed by EqL{6),
wherepg Is the DM density at the Solar distance from the GC.
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Fitting the Galactic Center excessrays with WIMP annihilations :

E? AN/dE (GeV/em®/a/ar)

Daylan et al, arXiv:1402.6703 ) _ .
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e
~-ray spectrum from 30 GeV WIMP annihilation:
10.0 T

] | 1 | |
7.0F my=30 GeV 3
T 5.0F E
[1H] [
S
=l 3.0
—
:
= 2.0
=
03
=

1.0}

0.7 &

- s
N 1 N ral |
2.0

i i ; 19
50  10.0 20.0
E, (GeV)

Daylan et al, arXiv:1402.6703
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Residuals after subtracting known backgrounds:

0.5-1 GeV residual 1-2 GeV residual
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Daylan et al, arXiv:1402.6703
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~-ray spectrum from 30 GeV WIMP annihilation:
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Daylan et al, arXiv:1402.6703
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