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Indirect detection of Dark Matter
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gamma rays: the golden channel



Gamma-rays: sensitivity illustration
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Targets and Challenges - Satellites
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Constraints from likelihood combination of
dwarf gaIaXIeS Fermi-LAT: Phys. Rev. Lett. 107

Fermi-LAT: Phys. Rev. D . 89, 042001, (2014
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Targets and Challenges — IACT
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Most Important gamma-ray constraints -
summary

bb channel
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What about discovery?
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Extended emission In the Inner Galaxy
consistent with dark matter? He |

T. Daylan+ (2014)

e EXxcess exhibits spatial and
spectral features consistent
with dark matter (quark
annihilation, 30-40 GeV,
thermal cross-section) Horiuchi talk

e Potential problems arise LT SEEEEEEEEEE rrH
from the custom made '
event selection and
corresponding diffuse
modelling. Whether these
aspects invalidate the
conclusion, I don’t know.

e (Can this be resolved in the
Galactic Centre? | doubt it

E? dN/dE (GeV/cm?/s/sr)

Two diffuse models,
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Future experiments

2012, first : CTA and CTA-US ~2020

results this ‘ . ==
year | | ' S W , :
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side silicon strip LYSO calorimeter
charge det
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Future Gamma-ray constraints — from now to 2020
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Summary (gamma rays):
e General:

— Gamma rays are the golden channel for indirect detection of dark matter,
due to the wealth of information they carry and simple propagation

e Status:

— The most robust constraints (and stringent) are obtained from dwarf galaxies
(Fermi-LAT) and the vicinity of the galactic center (HESS)

— Gamma ray searches provide the most stringent, robust constraints to WIMP
dark matter, excluding thermal WIMPS below masses of about 20-30 GeV.

— An excess at the Galactic Center with respect to simple diffuse emssion
models can be interpreted as dark matter ->solution in the next iteration of
the combined dwarf analysis?

e Qutlook:

— Fermi-LAT/CTA will be able to exclude thermal WIMPS from a few GeV
upto several TeV within the next decade - we are entering the endgame for
the WIMP paradigm

09-08-07 Jan Conrad, Stockholm Universitet
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Cosmic rays: a clear signal — but of what?
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Positron fraction

o AMS-02
PAMELA
Fermi

Requires non-standard source of positrons but what?
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Dark Matter Lamperstorfer talk
e Data prefers models with

leptonic annihilation,
largish masses ( ~ TeV),
large x-sec or boost

e Difficult to accomdate both
the positron fraction and the —J— AMS-02 data
hard Fermi-LAT electron e
spectrum ( decay via light Background
mediator states ) 10! 102

e.g. Kopp (2013)
See also Pospelov talk FiGeVI
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Can air cherenkov telescopes help?
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13-08-13 Jan Conrad, Oskar Klein Centre, Stockholms Universitet




Anti-deuteron: GAPS

LSP
m,= 30 GeV

—— LZP
m, ;o= 40 GeV

Secondary

LSP: Donato et al., 2008
LZP: Baer et al., 2005
BKG: |Ibarra et al., 2013

Vittino talk

TOF and Si(L1i) strip
detector , signature: x-rays
from deexcitation of exotic
atom and tracks of decay
products (p, pions)

Successful prototype flight
in 2012

First flight 2018/2019

Full sensitivity achieved.:
2020/21 (?), (AMS 5 year
reached by 2017)



Summary (cosmic rays):

e General:

— Cosmic (anti-) rays can provide convincing signals of Dark
Matter

— Competetive constraints for leptonic channels
o Status e.g. Bergstrom+(2013)
— AMS has spectacularly confirmed the existence of a new
source of positrons.
— DM IMHO even less likely than after PAMELA.

e Qutlook:

— Anti-proton/spectra and B/C measurements highly anticipated
to rule out or confirm proposal of SN production

— Can IACTs provide sensitive anisotropy measurement?

09-08-07 Jan Conrad, Stockholm Universitet
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Neutrinos: direct detection in disguise
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IlceCube and ANTARES

IceCube Lab
50 meters — :‘—::Z:E_E:_-_:-.’;_':ZI—_ il
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5,160 optical sensors £
i — =
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for low energies
i 1 Eiffel Tower
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~ 5000 channels ~ 900 channels

Mainly northern Mainly southern
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First, constraints on annihilation cross-sections
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Targets and Challenges — neutrino telescopes
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Indirect limits ICE3 compared to gamma rays
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Neutrinos: detection from the Sun

X Totzauer talk

”,
N .\" ‘

Fcapture ( ¢ 0sp) = 2 Mappihilation

- Hydrogen dominated target =2 excellent sensitivity SD cross section

09-08-07 Jan Conrad, Stockholm Universitet
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Icecube 79 and ANTARES
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Summary (neutrinos):

e General:

— The main niche for neutrino telescopes are models with
large SD cross section (solar WIMPS)

— Annihilations: hard to compete with IACT, maybe at very
high masses (~10s of TeV ...?), where neutrino x-sec/muon
range can compensate 1/m**2 scaling of the sensitivity and
for leptophillic models
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. Baksan ANTARES ’ o
Ice3 and Antares in full B, G056
swing 2 super |
e QOutlook: e
— PINGU: 1-2 dex "F  PINGU 'ceCube-78 ANTARES
o 2007-2012
Improvement at low masses ) W w-
(below 100 GeV), ~factor 2 at = -
large masses ... 2 PRELIMINARY
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Last slide: complementarity in effective theory
approach
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APP- smooth Dark matter halo density profile

Drark matier profiles
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Excess continued:

e The spectrum is consistent with a DM particle of mass (30 -
40 GeV) annihilating to quarks and thermal annihilation x-
sec

—> Smack on the current paradigm

e EXxcess Is spherically symmetric

e The emission profile is consistent with what a Dark Matter
distribution predicts, and less so with the prime candidate for
source confusion (pulsars).

e Potential problems arise from the custom made event
selection and corresponding diffuse modelling. Whether
these aspects invalidate the conclusion can not be concluded
from the paper
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A line In Fermi-LAT
e 3.3c LEE corrected (=50 events) data?

Bringmann+ (2012)
Weniger (2012)

Regld (SOURCE), E. =124 GeV

e 5¢ LEE corrected, and two lines?

Su&Finkbeiner (2012)
Tempel+ (2012) (4.50)

e 20 LEE corrected

and signal in Earth Limb
Ackermann+ (Fermi-LAT) (2013)
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Significance until September 2013

P7CLEAN_V6, Reg3 . weniger, 2013
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Line results summary:

A Canrad (2004

= Fermi lines (2013)
HESS lines (2013)

EGRET lines (2006) Weniger x-sec
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Constraints on leptonic channels
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Plastic Scintillator

©




Dwarfs galaxies — cleanest target

e DM dominated (M/L ~10--1000).
e Nearby (~ 100 kpc)

e Stellar velocities can be used to measure DM density (error
can be propagated to particle constraints) = propagated to
constraints

Segue 1: RGB star [Fe/H] = -2.3

o e Pt S e

8600 )
Wavelength ( A)

e.g:
Charbonnier+, MNRAS 418 (2011)
1526

Strigari+,Phys. Rev. D, 75, 083526
Evans+, Phys. Rev., D69, 123501,

(2004)
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Universal spectral signatures

Ullio et al. Phys.Rev.D66:123502,2002
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Spectrum for Galactic Centre source Sag A*

+ Fermi (Chemyakova et al. 2010
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First light for worlds largest Cherenkov
Telescope: HESS |11, Summer 2012

28 meter diameter
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Cosmic rays: signatures
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Can it be secondary? E.g by close by SNRs?

model 1, Kp =2

model 1, Kgp =3
model 1, Kgp =4
model 2, Kgp =9

positron fraction
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Prediction: rise in
p/anti-p and B/C ratio

Marginally consistent
with current AMS data,
If you ask me.
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e* produced inside SNR
- harder positron
spectrum

Blasi+ (2009), Ahlers+ 2009

Mertsch+Sarkar (2014)
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Weakly Interacting Massive Particles (WIMPs)

The weak interaction mass scale and ordinary gauge
couplings give right relic DM density without fine-tuning.
Mass scale O(GeV)-0O(TeV), makes them Cold Dark Matter
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