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In Table 1 we summarize the best-fit values for MDM and ��v�, together with the cor-
responding 1-� errors, considering DM annihilation into bb, cc, qq and �+��. Our best-fit
candidate corresponds to annihilation into bb with mass MDM = 61.8+6.9

�4.9 GeV and cross sec-
tion ��v� = 3.30+0.69

�0.49 �10�26 cm3 s�1. Other final states, e.g. annihilation into W+W�, e+e�,
µ+µ�, give worse results.

Let us close this Section with a discussion of the DM profile dependence. Throughout this
analysis, in fact, we made use of the gNFW profile as a benchmark model for the DM density
distribution. It is interesting to notice that our results do not show a strong dependence on
this choice. This happens because di�erent profiles are actually similar at latitudes |b| > 10�

(see Fig. 10), thus leading to mild quantitative di�erences. To be more precise, the best-fit
candidate for the NFW profile is for annihilation into bb with MDM = 61.8 GeV, ��v� =
4.7 � 10�26 cm3 s�1 and �2

min/d.o.f. = 115.4/109. The larger ��v� for NFW results from a
smaller J factor for |b| = 10� � 20�, which is the most important region in terms of the DM
component.

Table 1: DM contribution to the fit of the Fermi bubbles energy spectrum. In correspon-
dence of each channel we show the best-fit values for mass and cross section together with the
corresponding 1-� errors and the ratio �2

min/d.o.f..

DM annihilation MDM [GeV ] ��v� [cm3s�1] �2
min/d.o.f.

bb 61.8+6.9
�4.9 3.30+0.69

�0.49 � 10�26 110.9/109

cc 29.3+2.4
�3.4 1.54+0.26

�0.30 � 10�26 112.7/109

qq 32.0+2.6
�3.8 1.73+0.30

�0.30 � 10�26 111.9/109

�+�� 10.6+0.5
�0.6 5.63+0.58

�0.64 � 10�27 120.6/109

4 Dark Matter bounds from the Fermi bubbles

Indirect contraints on the DM thermal averaged annihilation cross section, ��v�, are derived
from the LAT observations of the Galactic ridge [28], Galactic center [29, 6], Dwarf galax-
ies [30, 31, 32], isotropic di�use gamma-ray background [33], and galaxy clusters [34]. In this
Section, we derive upper limit on the DM cross section using the latitude-dependent energy
spectrum of the Fermi bubbles obtained in Section 2. We consider di�erent annihilation chan-
nels as well as di�erent DM density profiles, comparing our results with those obtained from
the Galactic center and Dwarf galaxies.

The annihilation of DM particles can contribute to the gamma-ray flux both through FSR
from SM final states and through ICS on the low energy background photons in the ISRF.
FSR has smaller uncertainty than ICS photon, since ICS not only relies on the DM density
profile and annihilation channels, but also on the di�use model and the ISRF. For this reason,
we only focus on FSR constraints.
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TeV scale Dark Matter and electroweak radiative corrections

Paolo Ciafaloni� and Alfredo Urbano†

INFN - Sezione di Lecce and Università del Salento
Via per Arnesano, I-73100 Lecce, Italy

Abstract

Recent anomalies in cosmic rays data, namely, from the PAMELA Collaboration, can be interpreted in terms
of TeV scale decaying/annihilating dark matter. We analyze the impact of radiative corrections coming from the
electroweak sector of the standard model on the spectrum of the final products at the interaction point. As an
example, we consider virtual one loop corrections and real gauge bosons emission in the case of a very heavy vector
boson annihilating into fermions. We find electroweak corrections that are relevant, but not as big as sometimes
found in the literature; we relate this mismatch to the issue of gauge invariance. At scales much higher than the
symmetry breaking scale, one loop electroweak e�ects are so big that eventually higher orders/resummations have
to be considered: we advocate for the inclusion of these e�ects in parton shower Monte Carlo models aiming at the
description of TeV scale physics.

1 Introduction

At the TeV scale and beyond, electroweak (EW) radiative corrections enter into the realm of nonperturbativity: one
loop corrections relevant for the LHC can reach the 40 % level (see for instance [1]). It is surprising that the same
electroweak radiative corrections produce small e�ects (typically less than 1 %) at LEP that probe the characteristic
scale of the theory of 100 GeV and become huge at energies only 1-order of magnitude bigger. The reason for this is
the presence of energy-growing contributions that, as has been pinpointed in [2], are related to the infrared structure
of the theory. More precisely, one loop corrections feature double logarithmic contributions � �W log2(

�
s/mW ),

with
�

s being the typical c.m. energy of the process considered, and mW the weak scale of the order of W and Z
gauge bosons masses; the weak scale itself acts in this case as an infrared regulator. Various interesting features of
electroweak radiative corrections at energies much higher than the weak scale have been studied in the last ten years:
noncancellation between real and virtual contributions, which is a unique feature of weak interactions [3], resummation
of leading e�ects [4], relevance for phenomenology, and, in particular, for LHC processes [5].

Recent e± excesses observed by PAMELA [6], FERMI [7], and ATIC [8] (see also [9]) can be interpreted in terms
of heavy-mass (1 TeV or more) dark matter (DM) annihilation or decay [10]. Clearly, even if the final products are
initially constituted by, say, an electron/positron pair sharing half of the c.m. energy each, radiative virtual corrections
and emission of additional particles in the final state will alter the injection spectrum at the interaction point. Then,
the following relevant question arises.

Assuming that physics below the DM mass is the standard model (SM) one, and assuming that the primary
annihilation/decay process is known, what is the final products spectrum?

Even if the physics describing the process is assumed to be perfectly known, the answer to this question is by
no means trivial. The usual approach in the literature is to describe the e�ect of QCD and QED through analytical
calculations and Monte Carlo generators like PYTHIA [11]; radiative corrections due to weak gauge bosons are usually
neglected. However, including electroweak e�ects is important for at least two reasons. Qualitatively, since all SM particles are
charged under the SU(2)L �U(1)Y group, because of particle radiation the final spectrum will be composed of all possible stable
particles, whatever the primary process. For instance, even if a tree level annihilation into electron/positron is considered, in
the final spectrum also antiprotons will be present. Quantitatively, at the TeV scale and beyond EW corrections of infrared
origin are typically as big as the tree level values and cannot therefore be neglected. These corrections have been considered in
the context of DM signals [12, 13, 14]; however corrections growing like s/m2

W were found, while we find corrections featuring
double logarithmic growth. The reasons for these discrepancies are analyzed in Sec. 4.

The purpose of this paper is to investigate the impact of EW radiative corrections for possible TeV scale DM signals, namely,
trying to contribute to give an answer to the question raised above. Since we focus on the impact of EW corrections, we do
not aim at constructing a realistic DM model, nor do we consider the e�ects of propagation from the interaction point to the

⇤paolo.ciafaloni@le.infn.it
†alfredo.urbano@le.infn.it
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Abstract

The computation of the energy spectra of Standard Model particles originated from

the annihilation/decay of dark matter particles is of primary importance in indirect

searches of dark matter. We compute how the inclusion of electroweak corrections

significantly alter such spectra when the mass M of dark matter particles is larger

than the electroweak scale: soft electroweak gauge bosons are copiously radiated

opening new channels in the final states which otherwise would be forbidden if

such corrections are neglected. All stable particles are therefore present in the final

spectrum, independently of the primary channel of dark matter annihilation/decay.

Such corrections are model-independent.
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Abstract

Recent analyses have shown that the inclusion of electroweak corrections can alter significantly
the energy spectra of Standard Model particles originated from dark matter annihilations.
We investigate the important situation where the radiation of electroweak gauge bosons has
a substantial influence: a Majorana dark matter particle annihilating into two light fermions.
This process is in p-wave and hence suppressed by the small value of the relative velocity
of the annihilating particles. The inclusion of electroweak radiation eludes this suppression
and opens up a potentially sizeable s-wave contribution to the annihilation cross section. We
study this e�ect in detail and explore its impact on the fluxes of stable particles resulting
from the dark matter annihilations, which are relevant for dark matter indirect searches. We
also discuss the e�ective field theory approach, pointing out that the opening of the s-wave
is missed at the level of dimension-six operators and only encoded by higher orders.
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