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Parametrization for CALET

Electron+Positron Spectrum

Starting point for calculation of Dark Matter limits: A well matching fit
of a parametrization with a pulsar as the source of the positron

excess to CALET data (0. Adriani et al. Phys. Rev. Lett. 119, 181101(2017)) and o  =c g "
AMS-02 positron flux (M. Aguilar et al. Phys. Rev. Lett. 113, 121102(2014)) for

E>10GeV (E<10 GeV: charge dependent solar modulation):
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| == total flux, x?: 51.4 (CALET data)
| === background from secondaries + distant SNR

Smooth break in primary
spectrum at E_ ~ 44 GeV
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= positron flux, x2: 21.4 (AMS-02 data)

1 == positron flux from extra source (pulsar)
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Eg =44.27 GeV

Ecutex =783 GeV

Ce=0.0316
cm™2s71sr~1Gev1

Ecut, = 10000 GeV

Ay = 0.20

Dgle = 0.5GV

®pos = 0.5GV

s=0.05
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Propagation Model

Proton Spectrum:
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Proton Flux (scaled to AMS-02) , x2/ndof = 16.95 / 54
range: 5 - 5000 GeV , solar modulation: 0.42 GV (ch)
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Propagation parameters tuned to explain nuclei measurements

Dark Matter fluxes for NFW profile, local density: 0.3 GeV/cm?® and
annihilation x-section <gv> = 3 x 1026 cm3s! calculated with PYTHIA

and propagated with DRAGON using this model



Dark Matter Limit Calculation

 |nitial assumption that a nearby pulsar (power law with cut-off
electron+positron extra source) is the reason for the positron excess

« Starting from this pulsar-only fit, the Dark Matter term is added and
the boost factor increased while repeating the fit each time to adapt
other parameters, until 95%CL exclusion limit reached

(Dark Matter
mass = 600 GeV
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Limits on Dark Matter Annihilation
as a Function of Dark Matter Mass

 Boost factor limits are translated into limits on annihilation
cross-section by multiplication with <ov> = 3 x 1026 cms3s-!
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Shaded regions:
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Thin lines: M.Boudaud et al.
Phys. Rev. Lett. 119, 021103 (2017)
ArXiv: 1612.07698

Dotted lines: Ibarra et al.
Phys. Rev. D 89, 063539 (2014)
ArXiv: 1309.2570

Limits based on AMS-02 data.
Multiplied with 16/9 to compensate for
difference in local Dark Matter density
(0.4 instead of 0.3 GeV/cm"3)

- both use different parametrization
of background and extra source




Limits from CALET Data with

Systematic Errors
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Limits on Dark Matter Decay as a
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Limits based on AMS-02 data.
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local Dark Matter density
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« Addition of the Dark Matter term improves fit in some cases

Possible Dark Matter Signhature

 Direct annihilation/decay to electron+positron can model “step” at ~400 GeV
- 400 GeV LKP annihilation with boost factor ~150 possible explanation
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1 + CALET electron+positron flux

1 + AMS-02 positron-only flux

i Best Fit with Dark Matter (total flux)

» Dark Matter Signal + Pulsar

= Pulsar

===+ Dark Matter Signal

{ = Best Fit with Dark Matter (positron flux)
—— Initial Fit without Dark Matter (total flux)
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Reduction of x2 as a Function of

1023 5

Dark Matter Mass (LKP)

N ——

The boost factor (BF) is added as
one additional parameter to the fit

- )(2 decrease by 3.84 corresponds
to 95% significance — without trial
factor for trying many LKP masses

BF:
150
—
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Checking Gamma-ray Constraints

Diffuse y-ray Flux Comparison with Fermi-LAT (|b|>20 deq)
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« Gamma-ray emission per annihilation

calculated with PYTHIA

measured by Fermi-LAT

Average diffuse flux for latitude > 20 deg
(as Fermi-LAT measurement), NFW halo
— not exceeding unexplained diffuse flux
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Limits on CR Electrons from Vela

A nearby Supernova remnant (prime candidate: Vela) could
dominate the electron flux in the TeV region

The flux from Vela is calculated with DRAGON from a power-law
with cut-off injection spectrum and added to the electron flux in
the parametrization

The parametrization is fitted to CALET total (electron+positron)
flux and AMS-02 positron flux data

From the fit with a nominal energy (W,,x = 10 erg in electron

CR of E > 1GeV ) the scale factor for the SNR contribution Is
Increased until x2 reaches 95%CL — resulting W, IS the limit

set by the CALET measurement

The spectrum of VELA depends on propagation conditions and
on injection parameters



Example Result

parameters for Vela calculation :
D,=1.3-10cm’/s ; 8=0.6(R>300GV >0.33) ; L=+3kpc

¥,=2.92-8=232 E

=100TeV

cut

instantaneous release of CR from the SNR assumed
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x? from total flux: 79.7 - limit on W(SNR)| 2.12 10%%erg

background from secondaries + distant SNR

—-=—= primary electron+positron source (pulsar) '\
—==-limit flux from Vela SNR N N
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Extra primary

- source for positron
excess as part of
background —
AMS-02 positron
flux is also fitted

Limit on energy In
electron-CR > 1 GeV
emitted by Vela
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Conclusions and Outlook

Limits on Dark Matter annihilation and decay have been
derived from CALET electron+positron spectrum

Dark Matter with direct annihilation or decay to electron-
positron pairs could model the step in the CALET spectrum
around E = 400 GeV e.g. Lightest Kaluza-Klein Particle,
passing also gamma-ray constraints

Limits on CR emission from nearby SNR possible

One order of magnitude better than current statistics
expected from future CALET data with full acceptance

- Improvement of limits and verification of structures

Systematic errors expected to be reduced by increasingly
better modeling of the detector and their influence mitigated
by modeling the energy dependence of the error sources
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LKP Dark Matter Signature with
Systematic Errors
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LKP Dark Matter Signature with

Systematic Errors
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Best Fit with Dark Matter (total flux) ?
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- Dark Matter Signal

— |Initial Fit without Dark Matter (total flux)
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Reduction of )(2 as a Function of

Dark Matter Mass for

Electron+Positron - Channel
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