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Searching for Dark Matter with cosmic ray e+

Our task:
Imagine that the positron flux is measured with 10% accuracy up to 5TeV. A
cut-off is measured with an exponential feature, whose characteristic energy is
2TeV. Is that measurement sufficient to distinguish between a annihilating dark
matter origin and a remnant star source? Would other measurements be helpful in
the discrimination analysis?
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Current measurements...
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AMS-02: 𝑒+ flux measured up to ∼ 600GeV

𝜙u�+ ∼ 𝐸−2.97 for 𝐸 < 31.8GeV (∼ 𝐸−2.75 for 𝐸 > 49.3GeV)
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...and what we might see in the future

Upcoming data up to 𝒪(10TeV) by
DAMPE and CALET (𝑒+ + 𝑒−)
arXiv:1706.08453 [astro-ph.IM]
Nucl. Instrum. Meth. A 692, 240 (2012)

To reach 10% accuracy, 𝑒+/𝑝
discrimination power at 𝒪(105)
needed
Potential scenario: 𝑒+ excess with
cutoff at 𝒪(1TeV) measured

04.07.2017 3 / 12



e+ production and propagation
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Pulsar wind nebula and Dark Matter source terms

Pulsar wind nebula (PWN): Dark Matter (DM):
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Pulsar wind nebula and Dark Matter source terms

Pulsar wind nebula (PWN):

Single PWN sufficient to describe
spectrum

Dark Matter (DM):

Fluxes from Cirelli et al.
(PPPC 4 DM ID)
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Pulsar wind nebula and Dark Matter source terms

Pulsar wind nebula (PWN):

Single PWN sufficient to describe
spectrum

Dark Matter (DM):

DM annihilation on its own cannot
describe spectrum
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Mixed model

JCAP 1605 (2016) no.05, 031
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How to test the Dark Matter hypothesis

Check for compatibility of extracted DM properties with other measurements
Measure 𝛾-rays from inverse Compton (IC) scattering and synchrotron
radiation
Look at other potential DM annihilation channels
Search for possible anisotropies from PWN or dense DM clumps

04.07.2017 7 / 12



Correlations with 𝛾-ray measurements
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Figure 2: Some examples of ICS signals from selected DM models, in the three di↵erent

regions of the sky that we consider, superimposed to the relevant datasets. Left: in the

region ‘5⇥30’, EGRET datapoints and the signal from a 3 TeV DM candidate annihilating

into ⌧+⌧� with �
ann

v = 1.7 · 10�22 cm3/sec, choosing the Einasto DM profile of eq. (27)
(in analogy with [24], where however the Einasto profile di↵ers slightly). Center: in the

region ‘10⇥60’, EGRET datapoints and a signal from a 1.5 TeV DM candidate annihilating

into µ+µ� with �
ann

v = 5 · 10�23 cm3/sec, choosing the isothermal DM profile of eq. (29)
(in analogy with [26], where however the isothermal profile di↵ers slightly). Right: in the

region ‘10�20’ strips, EGRET datapoints and preliminary FERMI datapoints, together

with a signal from a 10 TeV DM candidate annihilating into W+W�
with �

ann

v = 5 ·
10�22 cm3/sec, choosing the NFW DM profile of eq. (28).

M
DM

= 1.5 TeV annihilating into µ+µ� with h�
ann

vi = 5 ·10�23 cm3/sec. We have assumed
an isothermal DM profile. Here as well the flux lies just below the EGRET data points.
Our result here compares with the result in ref. [26], obtained with GALPROP, modulo a
slightly di↵erent choice for the isothermal profile. We again find however a good agreement
between our computation and the fully numerical one.
Finally, in fig. 2c we plot the ICS gamma ray flux in the ‘10�20’ strips, from a DM
candidate of M

DM

= 10 TeV annihilating into W+W� with h�
ann

vi = 5 · 10�22 cm3/sec,6

assuming an NFW DM profile. The flux here lies well below the EGRET and FERMI
datapoints.

The comparisons with the full GALPROP results also allows us to validate the ap-
proximations of our semi-analytical treatment. In particular, the di↵usion processes that
we have neglected can redistribute somewhat the population of e± that originate the ICS
signal. In the case of the isothermal profile the e↵ect is expected to be minor, as the DM
density is essentially uniform over a broad central region of the galaxy. In the case of peaked
profiles (Einasto, NFW) the e± can be moved from the denser central regions towards the
outside. This would slightly reduce the signal from observational regions centered around
the GC (such as the ‘5 ⇥ 30’ and ‘10 ⇥ 60’ regions) and instead increase it for regions
outside the GC (such as the ‘10�20’ strip). Comparing with the fully numerical results
presented in [24, 26], we estimate at about a factor of 2 the systematic error introduced by
our approximations 7.

6These parameters are characteristic of the Minimal Dark Matter model, see e.g. [52].
7

Note added: Ref. [29] also in fact finds that the di↵usion-less treatment produces fluxes that are good
within a factor of two over the whole photon energy range in the ‘10-20’ region, see their fig.4.

11

Nucl. Phys. B 821 (2009) 399

Observed diffuse IC emission from nearby PWN
Consistent with production efficiency < 50%
arXiv:1702.08436 [astro-ph.HE]
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Correlations with synchrotron radiation

Phys. Rev. Lett. 107 (2011) 271302

Example: ARCADE 2 measurement of isotropic radio emission excess
DM interpretation ruled out when combining with AMS 𝑒+ data
Phys. Rev. D 90 (2014) no.12, 127302
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Consistency of measured annihilation cross-section
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Phys. Rept. 636 (2016) 1
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Looking for anisotropies
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Fermi-LAT (2010)

JCAP 1701 (2017) no.01, 006

Experiments like FermiLAT sensitive to arrival direction of cosmic rays
Searching for anisotropy to confirm PWN interpretation
Observed anisotropy would rule out DM interpretation
JCAP 1502 (2015) no.02, 043
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Summary and conclusions

𝑒+ production in astrophysical sources rules out DM as sole source
𝑒+ spectrum alone insufficient to determine relative contributions from DM
and PWN
Other messengers needed to discriminate between both cases
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