PROCEEDINGS

OF SCIENCE

Dark Matter Annihilation Signals:
The Importance of Radiative Corrections

Torsten Bringmann*

Department of Physics, Stockholm University, AlbaNovarehsity Center, SE - 106 91
Stockholm, Sweden

E-mail: troms@physto.se

Being able to safely distinguish astrophysical from patdmtark matter (DM) annihilation sig-
nals is of utmost importance for indirect DM searches. Te #md, one has to rely on distinctive
— and unique — spectral signatures to look for. Internal lsstrahlung (I1B), unavoidable in the
presence of charged annihilation products, provides swsigreature. In fact, as generically
dominates the gamma-ray spectrum expected from DM antidnks at high energies, it may
well turn out to be more important for indirect DM searcheartfthe traditionally looked-for
line signals. As illustrated in some detail, the observatibIB signatures would even allow to
distinguish between different DM candidates or to constsagnificantly the parameter space of,
e.g., neutralino DM. The gamma-ray contributions reponexct are therefore of great interest for
the already launched Fermi/GLAST satellite and the upcgmaw generation of Air Cherenkov
Telescope systems like CTA — which are most sensitive at itfte dnergies where these effects
are particularly important. Finally, radiative correctsomay even significantly alter the positron
spectrum from DM annihilations; an intriguing positron egs recently found by the PAMELA
satellite might turn out to be an indication of the peculiectral signature expected in that case.
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1. Introduction

Evidence for the existence of a sizeable contribution of baryonic, cold dark matter (DM)
to the total matter content of the universe has in recensy@acome overwhelming, with a wealth
of independent observations consistently pointing towardosmological concordance model that
is fully described by only a handful of parameters. While tia¢ure of this mysterious DM com-
ponent still remains unresolved, 70 years after the firdishaout its existence, it may actually
be regarded as the first direct evidence for physics beyandtdindard model of particle physics
(SM). In fact, weakly interacting massive particles (WINIRRat appear in most SM extensions at
the electroweak scale (obviously of considerable inteie#te soon-to-start LHC at CERN), are
particularly well-suited DM candidates: thermally prodddn the early universe, they naturally
provide the right relic density to account for the DM aburcianbserved today. The theoretically
maybe best motivated, and certainly most studied, DM catéith this context is the supersym-
metric neutralino. For reviews of WIMP DM see, e.g., [1].

Searches for this type of particle DM can be grouped in thegegories:indirect searches
for SM particles created by DM annihilation in the galactaddi(or, in the case of neutrinos, in
celestial bodies like the sun or earttject searchegor DM particles recoiling from the nuclei of
large terrestial detectors accelerator searchethat look for missing transverse energy. In all of
these cases, the signal is likely to be very weak and/or datethby a much larger background.
Clear signatures that allow a conclusive identification rolesent as being DM induced are thus
mandatory. In this contribution, | will focus on indirect tdetion methods and point out that
radiative corrections to the leading order annihilationgasses provide such signatures.

2. Gammarays

Among indirect DM detection techniques, gamma rays playangunced role since they
are usually more copiously produced than other possiblesengers, directly trace the DM dis-
tribution as they propagate essentially absorption-freeuigh the galaxy, and provide distinctive
spectral signatures The last of these points is of particular importance toricti searches be-
cause our knowledge about the distribution of DM, espaciail small scales, is rather limited and
the amplitudeof the annihilation signal therefore usually subject toagnencertainties. One can
distinguish three different types of contributions to tlzergna-ray spectrum:

e At tree-level, WIMPs can annihilate into pairs of quarkqttss, Higgs and (weak) gauge
bosons, but not into photonSecondary photonsowever, are produced in the hadronization
and further decay of the primary annihilation products, myaihroughm — yy. The result
is a featureless spectrum with a rather soft cutoff at the Civtigles’ massmy, almost
indistinguishable for the various possible annihilatidraienels (with the exception af-
lepton final states).

e At 0 (aem), another contribution has to be included whenever chargeihiation products
are presentinternal bremsstrahlungIB), where an additional photon appears in the final
state. As pointed out recently [2, 3], these photons geal@ridominate at high energies,
i.e. close tomy, and thereby add pronounced signatures to the spectruma viery sharp
cutoff atm, and bump-like features at slightly smaller energies.
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Figurel: The annihilation spectra in gamma rays for the cosmololyigakeresting regions of the mSUGRA
parameter space, i.e. the coannihilation region (BM3)btlik region (I), the focus point region (BM4) and
the funnel region (K’). Line signals are not included. Thademark points represent typical examples of
these regions and are defined in Refs. [3] (BM3,BM4) and [&{), respectively.

e Necessarily loop-suppressed, and thus onlﬁ(mgm), monochromaticy lines result from
the annihilation of DM particles into two-body final stateentaining a photon [4]. While
providing a striking experimental signature, these preessare usually subdominant (for a
recent analysis, see [3]); examples of particularly stdomgsignals, however, exist [5].

Fig. 1 shows the annihilation spectra of neutralino DM in tase of minimal supergravity
(mMSUGRA), where one can single out four regions in the uydeglparameter space that give the
correct DM relic density (see, e.g., [6] for a discussiorijeraaking into account IB contributions,
these spectra develop interesting, and evidently ratlfiereint features; only in the funnel region,
where the mass of the pseudo-scalar Higgs boson is tunedasutth resonantly enhance neu-
tralino annihilation, IB effects are negligible. Fig. 2 cpares these spectra after smearing them
with an energy resolution of 10% (the design goal for the pdghCherenkov Telescope Array,
CTA). Clearly, the spectra still remain well distinguiskegba detection would thus provide valu-
able information on the nature of the annihilating DM paeisc The same figure also indicates the
comparably small contribution from line signals and stalesratio of IB over secondary photons
at high energies, for the four benchmark models as well aa fatl scan [3] over the mSUGRA
parameter space. This ratio can be as high as several offdeesgaitude in thef-coannihilation
region — and therefore significantly improve the detectipmaspects for these types of models, as
shown recently in a study about DM annihilation signals froearby dwarf galaxies [7].
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Figure 2: The spectra from Fig. 1 are plotted together, as roughly bgendetector with an energy resolu-
tion of 10%. Here, the line contributions are also includixe dotted lines show the same spectra without
them). For each of these models, the IB enhancement is tedioa parenthesis, i.e. the number of IB over
secondary photons at energlgs> 0.6m,. For comparison, the right panel shows the result of a schn [3
over the fullMSUGRA parameter space, where this quantjijoised as a function of the neutralino gaugino
fractionZy and massny. In the case of benchmark model K’, both IB and line contiimg are negligible.

IB effects in supersymmetry are dominated by contributioosh photons radiated off charged
virtual particles [3]. Kaluza-Klein DM, another interesgi example of WIMP DM, mainly anni-
hilates into leptons; as a result, the spectrum takes thm fgpically expected from final state
radiation [8, 2] and is rather easily distinguishable frdma $pectra shown in Figs. 1 and 2 [9].

3. Positrons

The propagation of charged particles through the diffubiai generally smoothens all fea-
tures in the spectra of, e.g., positrons. Pronounced spesitnatures from DM annihilation as
in the case of gamma rays can therefore more or less only bectxpfor exceptionally large
branching ratios directly inte"e~ — which, like in the case of Kaluza-Klein DM, leads to a very
hard spectrum with an abrupt cutoff at,. Supersymmetric DM with its suppressed annihila-
tion into leptons, on the other hand, generically produegker soft positron spectra. Against
this background, it was recently pointed out that radiativgections in some cases can boost the
annihilation of neutralinos inte™ ey final states sufficiently as to give a much harder positron
spectrum than what is usually expected [10]. While slighdbs pronounced than in the case of a
direct annihilation inta*e™, the associated cutoff at, would still provide a striking signature.

PAMELA [11] has recently reported an unexpected excessénptbsitron flux at energies
above around 1 GeV, rising with energy at a slope that agrediswith DM annihilation in the
above-mentioned model. In order to explain the strengtthefsignal in this way, however, one
would have to assume non-thermal DM production or a nondstahhalo formation. Following
Ref. [10], there have been quite a few attempts to interfretobservations in terms of DM an-
nihilation; even more traditional astrophysical explamag exist. Since positron propagation is,
furthermore, still bound to considerable uncertaintie],[bne would in any case have to see a
clear cutoff in the data before conclusively being able feria DM origin of the observed excess.
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4. Conclusions

Radiative corrections generically alter DM annihilatigrestra in gamma rays significantly,
thereby adding distinct signatures that would not only lewsmoking gun evidence for the par-
ticle nature of DM but potentially also allow the discrimiitm between different DM candidates.
In some cases the photon yield at high energies is boostedveyad orders of magnitude; since
air Cherenkov telescopes are most sensitive at these eggetiis can lead to considerably better
detectional prospects. Radiative corrections can, furtbee, lead to distinct spectral signatures in
the positron flux in a way that would fit the excess recentlpragal by PAMELA,; if the cutoff pre-
dicted at only slightly higher energies is confirmed by falap measurements, this would provide
exciting insights into the nature of DM.

The radiative corrections reported here have been fulljémpnted in the most recent public
release 5.0 obarkSUSY [13].
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