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Methods of WIMP Dark Matter detection:
• Discovery at accelerators (LHC, ILC…), if
kinematically allowed. Can give mass scale, but no
proof of required long lifetime.
• Direct detection of halo dark matter particles in
terrestrial detectors.
• Indirect detection of particles produced in dark
matter annihilation: neutrinos, photons or antimatter in
ground- or space-based experiments.
•For a convincing determination of the identity of dark
matter, plausibly need detection by at least two
independent experiments. For most methods, the
background problem is very serious.
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The Milky Way in gamma-rays as measured by FERMI

Annihilation rate enhanced for
clumpy halo; near galactic
centre and in subhalos, also for
larger systems like galaxy
clusters, cosmological structure
(as seen in N-body simulations).

CERN LHC, July 4, 2012:
Higgs discovery! Mass 125-126 GeV
cf. prediction from supersymmetry: mH upper limit 130 GeV
Perhaps some excess in 2g decays (seen in both ATLAS and CMS)
So, supersymmetry may still explain dark matter – although simplest template
models (mSUGRA, CMSSM) squeezed due to non-discovery of SUSY partners, so
far, but general MSSM (pMSSM) still alive…

Freely available software package, written by P. Gondolo, J.
Edsjö, L. B., P. Ullio, M. Schelke, E. Baltz, T. Bringmann and
G. Duda.
http://www.darksusy.org

… or maybe something related to an enlarged Higgs sector that gives enhanced 2g
decay rate?

E. Aprile, ”Dark Attack”, Switzerland, July 18, 2012:

Still a lot of parameter space left to probe by direct detection:
WMAP-compatible
models in pMSSM
pb

Today’s limit
(July, 2012)

The parameter space
continues, 10 more orders of
magnitude in direct detection
cross section!

Complementarity between LHC, direct & indirect detection. DM search in g-rays
may be a window for particle physics beyond the Standard Model!

DMA
Limit of nextgeneration direct
detection

Direct detection cross section (pb)

Presentday limit

CTA

FERMI

DMA: Dark Matter Array - a
dedicated gamma-ray detector
for dark matter?
(T. Bringmann, L.B., J. Edsjö,
2011)
General pMSSM scan, WMAPcompatible relic density.
Check if S/(S+B)0.5 > 5 in the
"best" bin (and demand S > 5)
DMA would be a particle
physics experiment, cost  1 G$.
Challenging hard- and software
development needed.

Some LHC detectable

Gamma-ray flux

Construction time  10 years,
with principle tested in 5@5-type
detector at 5 km altitude in a
few years…

Indirect detection through g-rays from DM annihilation: powerful new instruments

Fermi-LAT (Fermi Large
Area Telescope)
H.E.S.S. & H.E.S.S.-2

CTA (Cherenkov Telescope Array)

VERITAS

The era of indirect detection searches for DM has just begun – exciting decade
ahead!
How dark matter shines - annihilation of WIMPs in the galactic halo

Note: equal amounts of matter and
antimatter are created in
annihilations - this may be a good
signature! (Positrons, antiprotons,
anti-deuterons.)

A continuous spectrum of
gamma-rays comes from
particle decays, mostly
neutral pions. Also direct
annihilation to 2 gammarays is possible: would give
a ”smoking gun” gammaray line at the energy mcc2.

e
Positrons
(and
electrons)
would also
radiate
gamma rays
through
synchrotron
and inverse
Compton
radiation
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Computing the gamma-ray line (L.B. & H. Snellman, 1988; L.B. & P. Ullio, 1997;
L.B., P. Ullio & J. Buckley, 1998):

I had computed in 1985
(with G. Hulth) the Higgs
decays
H0  gg and
H0  Zg
(which are currently very
”hot” at CERN).

L.B. & H.Snellman,
Phys. Rev. D (1988)

MSSM calculation,
L.B. & P. Ullio, Nucl. Phys. B (1997)
 ”Sommerfeld enhancement”
(J.Hisano et al. 2004)

The ”smoking gun” signal

The surprising size of QED ”corrections” for slowly annihilating Majorana
particles. Example: e+e- channel

c

e-

c

e+

Relic density provided by p-wave near freeze-out.
Annihilation rate today (s-wave) helicity suppressed,
v  10-25 (me/mc)2 cm3s-1  10-37 cm3s-1 for v/c ~ 10-3.
Impossible to detect! Even adding p-wave, it is too small, by
orders of magnitude.
Direct emission (inner bremsstrahlung) QED ”correction”:
(v)QED/ (v)0  (/) (mc/me)2  109  10-28 cm3s-1
The ”expected” QED correction of a few per cent is here a factor
of 109 instead! May give detectable gamma-ray rates – with
good signature!

t-channel
selectron
exchange

(L.B. 1989; E.A. Baltz & L.B. 2003, T. Bringmann, L.B. & J. Edsjö, 2008;
M. Ciafalone, M. Cirelli, D. Comelli, A. De Simone, A. Riotto & A.
Urbano, 2011; N. F. Bell, J.B. Dent, A.J. Galea,T.D. Jacques, L.M.
Krauss and T.J.Weiler, 2011)

Another ”smoking gun” signal (may even, for present day detectors, be
difficult to distinguish from the 2g signal). First order in e.m. , so may be larger
than the 2g rate, if the t-channel exchange and DM particles are nearly
12
degenerate.

Predictions for the standard WIMP
template, SUSY:
Lines
from gg
or Zg

Indirect detection of SUSY DM through
g-rays. Three types of signal:
• Continuous from 0, K0, … decays.
• Monoenergetic line from quantum
loop effects, ccgg and Zg.
• Internal bremsstrahlung from QED
process.

Perfect
energy
resolution

New contribution: Internal bremsstrahlung
(T. Bringmann, L.B., J. Edsjö, 2007)

Enhanced flux possible thanks to halo
density profile and substructure (as
predicted by N-body simulations of
CDM).
Good spectral and angular signatures!
But uncertainties in the predictions of
absolute rates, due e.g. to poorly known
DM density profile.

10 %
energy
resolution
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T. Bringmann, M. Doro & M. Fornasa, 2008; cf. L.B., P.Ullio & J. Buckley 1998.

T. Bringmann, F. Calore, G. Vertongen & C. Weniger Phys. Rev. D, 2011

Can one make use of the
peculiar spectral
features?

The galactic center should have the highest density of dark matter –
however also other sources of g-rays:

H.E.S.S. data from g.c.
(treated as a point
source), F. Aharonian et
al., 2006

VERITAS, M. Beilicke et al., 2011

Gamma-rays from a 10 GeV WIMP from the galactic centre? D. Hooper
(with L. Goodenough; T. Linden) Fermi-LAT public data

D. Hooper and T.
Linden, 2011.
To improve, need better
angular and energy
resolution
in the 1 – 20 GeV range.
Eventually, a gammaray line at the DM mass
could be seen – would
be very convincing!

D. Hooper, arXiv:1201.1303: “The empirical evidence for 10 GeV Dark Matter”

However, at present DM interpretation is not unique:

A. Boyarsky, D. Malyshev and O. Ruchayskiy, 2010

M. Chernyakova, D. Malyshev, F.
Aharonian, R. Crocker and D. Jones,
2010.

F. Yusef-Zadeh & al, arXiv:1206.6882

Galactic center is not the only place to look: New promising experimental method, stacking
data from many dwarf galaxies, FERMI Collaboration, esp. Maja Garde & Jan Conrad (PRL,
Dec. 2011); see also A. Geringer-Sameth & S. Koushiappas (PRL, Dec. 2011).

Fermi Collaboration, M. Ackermann et al., PRL 2011

By stacking the data,
sensitivity to the
density profile can be
minimized

”Canonical” WIMP
cross section

Recent development: Galaxy clusters - Fritz Zwicky would be pleased…

Han & al.

A. Pinzke, C. Pfrommer and L.B., Phys. Rev. D, 2011
(arXiv:1105.3240).

J. Han, C.S. Frenk, V.R. Eke, L. Gao and S.D.M.
White, arXiv:1201.1003.

Tidal effects are smaller for clusters  boost factor of the order of 1000 possible (without
Sommerfeld enhancement!). Predicted signal/noise is roughly a factor of 10 better for
clusters than for dwarf galaxies; this depends however on extrapolation of substructures to
very small scales (see also L. Gao, C.S. Frenk, A. Jenkins, V. Springel and S.D.M. White
arXiv:1107.1916.)

The 2012 revolution (?), using public Fermi-LAT data:

43 months of (public) Fermi data

Mass = 149 GeV
Significance 4.3 (3.1 if ”look
elsewhere” effect included)

Internal
bremsstrahlung

C. Weniger, arXiv:1204.2797 – see talk later in this session
43 months of (public) Fermi data
g-ray line fit:

”Reg. 4”

Mass = 130 GeV
Significance 4.6 (3.3 if ”look
elsewhere” effect included)
See also E. Tempel, A. Hektor &
M. Raidal, arXiv:1205.1045;
M. Su & D. Finkbeiner,
arXiv:1206.1616.

Search in dwarf galaxies (A. Geringer-Sameth and S.M.
Koushiappas, arXiv:1206.0796)

Not yet sensitive enough.

Last week: Confirming evidence from stacking 6 galaxy clusters!?

130 GeV
Claimed 3.2 effect (?) (A. Hektor, M. Raidal & E. Tempel, arXiv:1207.4466)

Fermi will in the next few years collect
at least twice the amount of data.
New project: GAMMA-400, 100 MeV –
3 TeV space telescope, with 1 % energy
resolution:

An approved Russian g-ray satellite (with Italian and
Swedish-OKC?) participation (cf. PAMELA), with
superior energy and angular resolution – about the
same effective area as FERMI-LAT.
Planned launch 2018.

Ideal, e.g., for looking for spectral DM-induced
features, like searching for g-ray lines! If it is real,
the 130 GeV line should be seen with about 10
significance (L.B., G. Bertone, J. Conrad, C. Farnier &
C. Weniger, in preparation).

SCIENCE, May 20, 2011

The Chinese initiative: The
Dark Matter Satellite
(DAMPE)

Conclusions:
• Impressive progress for accelerator and direct detection searches last
decade.
• First interesting limits for indirect detection from Fermi stacked dwarf
galaxies. (And first limits from indirect detection of neutrinos from the
SUN from IceCube.)
• Indirect detection has a crucial decade ahead, with several new
instruments being built, and Fermi-LAT continuing to gather
impressive data.
• Severe problems with astrophysical backgrounds implies that search
channels with spectral signatures (sharp lines, peaks or breaks near DM
mass) will be of highest priority.
• Interesting tentative structure at 130 GeV in Fermi-LAT data. What is it
– a discovery of DM, a weird fluctuation or an unknown instrumental
effect? See talk by Christoph Weniger.

