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The Model

Dark matter (DM) can provide a very useful | | The MSSM serves as a strongly motivated framework for both BSM and DM physics. Among its
connection between the Early Universe and Be- | | natural realizations are scenarios where the DM candidate is the Wino:

yond the SM physics. To take an advantage of
growing precision of observations, we need to
make theoretical predictions equally accurate. ,
It needs detailed study of both particle physics oy {’KQ\/‘/M Even more than 20% change at one-loop
and astrophysical phenomena. The aim of this v hk and much softer spectra than at the tree
work is to make such an analysis for a specific s _ e level (important for 7’s and soft y-rays)
DM model to obtain robust and precise predic-
tions and learn more about relative importance

\(fdifferent effects. e degenerate with xy* = the Sommerfeld effect (SE)

CR propagation The (ov) enhanced due to "long range force" :(E :E ; (E e (E

. _ between slow moving DM particles:
To obtain prediction for the CR fluxes at Earth _ mediated by (mostly) W+

location we solve using DRAGON the propa- :( E :( E z( E
gation equation: - needs m,+ — myo <K my X S

e large (ov) to W W~ = thermal production at TeV scale = large EW corrections

ON' o =i 0. 0 o o N' Can change the (ov) by O(1000) — resonance due to forming a loosely bound state between
— V- DyaVN' + —pN* — = p?D,pe = = o .
ot 8 8p Op p? initial DM particles occurs
“(p. 1 NI — :
Q(p,72) + 3 cBrgas(r, 2)0ii NV = cBrgasorn(Ex)N e suppressed coupling to Z°, h = testable only in the indirect detection

J>i

with the diffusion coefficient:

5 1 (r=rg) 2,2 Pr ion model
P m( R ) R b b, - P opagatio odels

Ro ? Benchmark Fitted Fitted Goodness

We assume Kraichnan turbulence § = 0.5 and za & ra | Do 3 101 va_ n 7/ RO, | X5/ Xp Xp e Xtot

g g g = [kpc] [kpc] | [em®s™ "] [kms™ ] GV Ej > 5 GeV
scan diffusion zone thickness 24 € (0.5, 20)kpc. 05 05 20 0.191 100 060 | 2.11/2.36/2.18 169 | 069 067 037 0,68 065
Other free parameters Dy, 7, v4 and the pri- 105 20 0.53 163 0521 | 2.04/2.34/2.18 160 | 096 046 0.38 0.69 0.58
&Gt ; T4 05 20 0.738 155 0499 | 2.11/2.36/2.18 161 | 051 062 036 071 0.60
mary injection spectra are fitted to the B/C, pro- 17 05 20 0932 162 0476 | 2.11/2.35/2.18 146 | 047 065 035 072 0.60
ton and electron data. 2 05 20 113 16.7 0458 | 2.11/2.35/2.18 146 | 048 059 035 0.72 058
. o . 3 05 20 175 85 040 | 2.05/2.35/2.18 160 | 034 039 035 075 0.46
We identified 12 benchmark propagation mod- I 05 20 245 195 0363 | 2.05/2.35/2.18 160 | 079 033 036 0.75 049
els, obtaining propagation uncertainty and its 605 20 317 192 040 | 2.05/2.35/2.18 160 | 038 044 035 0.77 0.49
dependence on » 8 05 20 383 192 0370 | 2.05/2.35/2.18 152 | 039 053 035 0.77 054
P d- 0 05 20 136 191 0373 | 2.05/2.35/2.18 152 | 038 047 035 0.77 051
5 05 20 186 175  -0448 | 2.11/2.36/2.18 148 | 046 089 034 0.77 0.74

20 0.5 20 5.19 17.1 -0.448 | 2.10/2.36/2.18  14.2 0.45 095 0.34 0.77 0.77
Leptons

L All models give a very good fit to the data. It is the main source of uncertainty. We can reduce it
total e +¢ @1}/ if we add another input = require agreement with the Fermi diffuse y-ray data.

Antiprotons

Background gamma sky-maps for three propa-
A gation models (x? values of the fit) = the thin
o= et diffusion zones are strongly disfavored

background

Sommerfeld effect, but also EW corrections
have a significant impact

Spectrum at low energies
underestimates the data
— thicker z; give more
secondary (ICS) soft -
rays

Thin propagation models give less p’s and thus
less stringent limits

an/as v e

= Wmo DM cannot explam lepton CR puzzle
kthout significant pulsar component

\ p’s alone constrain m,., but weakly \

Combined results

excluded by P at 99% CL

= Combined: Wino DM is ruled out for

From all these channels we can put limits on (ov): GeV and V< - v
< 450GeV and 2.2TeV S m, S 2.5Te

the strongest from combined analysis of p’s and diffuse y-rays i
Resonance: excluded also by
leptons, v’s and dSphs

Additional channels studied:
leptons, v’s, d’s, y-rays from dSphs and Galactic Center
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We learnt that to obtain robust and precise predictions for dark matter indirect detection one in-
deed needs to look beyond the tree level and study different detection channels simultaneously.




