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» Multiwavelength signals from dark matter
» Targets for multiwavelength searches

» Current radio and X-ray constraints — example using

clusters of galaxies

» Future Telescopes
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» |In addition to gamma-rays,
and decay can produce high e
positrons.

10
Energy (GeV)




» Dark matter annihilation/decay can lead to a broad
spectrum of emission.
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Example spectrum of DM annihilation in the
Coma cluster (Colafrancesco et al. 2006)
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» Need to understand diffusion and magnetic field!




Good targets for searches for secondary radiation because:

1. The energy loss timescale is much shorter than the
diffusion time

2. They have large-scale magnetic fields
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» The non-detection or weak detection of radio emission
from nearby clusters places

» At low mass, limits approach thermal cross-section
even for conservative density profile

> bb | o *\.2].9‘9 — b ) | . Ophiuchus
—  A2199 (non-detection) | F-- wor Ophiuchus (mini-halo)
T ] F - ‘;‘/,-/-

NFW only




Bo = 11L.7pG, =09
mass uncertainty
uncertainty in By and 7

(Huang et al. 2012)

-

Fermi ~-ray oonstraints for Fornax Cluster

A2199

NFW only

Y — bb

1( :
nt

magnetic field
uncertainty

10%
M, (G&V)

best Fermi
cluster limits

cluster mass
uncertainty




» If you include substructure obviously the limits can be
much stronger, but very model dependent.

— NFW
— = fa=0., M = 1070,
<o fe=02, Moy = 10~°M

--  Phoenix Simulation
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Near term improvements from:
» New low frequency capabilities
» Better understanding of magnetic fields
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Courtesy of E. Storm




» Radio observations of GC
also give strong constraints,
particularly on DM origin of
positron excess

» DM signal from radio
flaments, WMAP haze?
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> Potential to test DM origin of 100 200 250 300 350 400
m [GeV]

130 GeV line Laha et al. 2013

(primary uncertainties from density profile and magnetic field)




10 - 240 MHz, ~20,000 small antennas
over 100 km, partially operational now
10-88 MHz, 13,000 antennas over 400 km,
1/53 stations working

0.7 - 1.8 GHz, 36 12-m
dishes, in commissioning
0.5 -14 GHz, 64 13.5-m dishes, 2016-18

circa 2024, collecting
area equal to 1 km?, longest baseline >=3000 km




» For a range of DM models, IC emission from the
scattering of the CMB by the e* e~ produced peaks in the
hard X-ray band.

» Again clusters are a good target — diffusion negligible,
thermal X-ray emission drops off steeply at high energy

» Existing or near-term telescopes:

— 5-80 keV,
10” resolution

— 10-600 keV plus
high resolution soft band
spectroscopy, launch 2014




» For a range of DM models, IC emission from the
scattering of the CMB by the e* e~ produced peaks in the
hard X-ray band

IC emission &, decay
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Fornax (NO substructures)
bb annihilation final state
1 Ms
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Fermi (11 months)
— —— NuSTAR, 6-10 keV
NuSTAR, 10-30 keV
-—-= NuSTAR, 30-70 keV
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» Planned X-ray telescopes will have (at best) similar
sensitivity to Fermi to low mass WIMPs.




DM models
normalized to
Fermi limits:

—— bb, 10 GeV
— — bb, 100 GeV
—— tau, 10 GeV
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Athena WEFI

hypothetical WFI
with lower NXB

* 6-10 keV bin includes background from cluster thermal emission.




» Interesting constraints could be within reach with an
appropriately planned mission.

 low background orbit
* large field of view
* large effective area ~> 10 keV

» High Energy X-ray Probe (HEX-P) Mission Concept
proposed to NASA but not selected




» From decay of ~ few keV scale DM (sterile neutrinos,
moduli: Kusenko et al. 2012)
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> will only be sensitive
to large DM masses

> can be
used to probe smaller DM
particle masses
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Fermi combined DSG analysis (10 DSGs), 2 years
----------- Fermi combined DSG analysis, 10 years

Galactic Halo, 100 h, CTA array B (Ring Method)

Fornax Cluster, 100 h, CTA array B f1,,, =1.09)

Segue 1DSG, 100 h, CTA array B
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» Searches for secondary emission from DM annihilation/
decay in radio and X-ray are an important probe

> Current constraints are competitive with gamma-
ray in some cases, and new facilities are imminent

> limits are not currently competitive, but could be
with an appropriately planned telescope. Also important for
keV scale DM searches

» A multiwavelength approach is highly complementary to
future high energy gamma-ray searches







