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In the era of precision cosmology

Testing a minimal recipe (a given set of constituents for
the Universe and GR as the theory of gravitation) against
a rich sample of cosmological (large scale) observables:
CMB temperature fluctuations, galaxy distributions,
lensing shears, peculiar velocities, the gas distribution in

the intergalactic medium, SNIa as standard candles, ...

All point to a single “concordance” model:
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Overwhelming evidence for DM as building
block of all structures in the Universe:
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Cosmological and astrophysical observations point to a
description of dark matter as a optically-dark G.e.
dissipation-less) and collision-less fluid, with negligible
free-streaming effects.

Recipes with large violations of one of these properties,
such as Baryonic DM and Hot DM, are excluded,
while Non-baryonic Cold DM is the preferred

paradigm.

Standard picture: Gaussian adiabatic primordial
density perturbations, with nearly scale-invariant
spectrum, shared by the CDM term (meaning a
term for which only gravity matters), in a Universe
in which a A term dominates at recent times.




DM: the particle physicist’s perspective

An upper limit on the interaction strength, while other
crucial info (e.g., the mass scale) are missing or poorly
constrained. Further hints may come from the DM
production scheme; the most beaten paths have been:

i) DM as a thermal relic product
(or in connection to thermally produced species);

ii)) DM as a condensate, maybe at a phase transition;
this usually leads to very light scalar fields;

iii) DM generated at large T, most often at the end
of (soon after, soon before) inflation; candidates in
this scheme are usually supermassive.




CDM particles as thermal relics
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WIMP DM candidates

The recipe for WIMP DM looks simple. Just introduce
an extension to the SM with:

i) a new stable massive particle;

ii) coupled to SM particles, but with zero electric and

color charge;

ii b) not too strongly coupled to the Z° boson
(otherwise is already excluded by direct searches).

Solve the Boltzmann eq. and find the mass scale of your
stable Lightest: SUSY Particle, Kaluza-Klein or
Braneworld state, Extra-Fermion, Little Higgs state, etc.

Likely;, not far from My, maybe together with additional
particles carrying QCD color: LHC would love this setup!




A very rich phenomenology expected for WIMPs:
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In practice the scheme is much less predictive:

X the spread in values for the T=0 annihilation rate may
be substantial, because of:

- on the particle physics side, e.g., coannihilation,
threshold, or resonance (resonance) effects,

- on the cosmological side, e.g., a late entropy release or
a Universe expansion rate faster at freeze-out;

X the crossing symmetry rarely applies;

X particles with color charge are seldom the (light) states
setting the thermal relic density.

In blue: effect making detection harder

. In red: larger rates expected




WIMP searches at the LHC time. A few possibilities:

Ultra-optimistic: DM searches will find clean evidence
for WIMPs before the LHC; huge discovery plus a further
guideline to discriminate among viable SM extensions.

Still in Heaven: the LHC finds first evidence for physics
beyond the SM and starts discriminating among models;
solving the DM puzzle and measuring DM observables
would still require a discovery with DM searches.

Slightly scaring: the LHC does not find clean evidence
for new physics; the WIMP framework may cope with
that, and DM detection could still be viable, since it is
less severely limited at high energy.




Neutralino LLSP as DM

In the MSSM there are four such states, with mass matrix:
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and lightest mass eigenstate (most often the LSP):
X1 = Ni1B + NioW? + NisHY + N1y HY

A very broad framework, which gets focussed on narrow
slices in the parameter space once more specific LSP
DM frameworks are introduced.




Unavoidable strategy: focus on a given

scenario and discuss its phenomenology
Focus pomt

Example: CSSM
Thin slices in the
parameter space
selected by the relic
density constraint.

Scalar mass

Minimal scheme,
but general enough to
tllustrate the point.
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Battaglia et al. 2001




More favorable cases: e.g., bulk region

IE;{IIIIIII

n K/ et 50.34 / 54
Most superpartners £ .
are light and detected | vean 0o

n Sigma ] 01968E-01
at LHC (only heaviest ¢ .| _
stop, stau and %
neutralino are not seen  § |
in example displayed): "0 |- -

fairly accurate
prediction for the S o N
ST 0 0.05 0.1 015 0.2
relic density o

Relic density
Nojiri, Polesello & Tovey, 2006




probability density dP/dx

as well as for quantities setting DM WIMPs
indirect/direct detection prospects

Baltz, Battaglia, Peskin & Wizansky, 2006
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Compare the SI cross section with the (projected)
sensitivities in Direct Detection searches
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Future upgrades

see, e.g., Schnee, 2006 + Bernard Sadoulet talk
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Going to heavier M y/,, i.e. heavier gluinos, the framework
might be probed at DM searches only:

m,, (GeV)
0 500 1000 1500 2000 2500 3000

1250 T T T T | T T T T | T T T T | T T T T | |||||||| | T T/ T B
I Beyond reach Within reach ae r,
1000 __ Stage-2 direct detectors Krup OVIlleaS )
Excluded Region Stage-3 direct detectors PI-O fumo &

—————— IceCube

:—_—— Antiprotons on Pamela-3y P.U. ] 2 O 05

750
- -~ Positrons on Pamela-3y
Antideuterons on AMS-02
— Antideuterons on GAPS

............ Y-rays on GLAST

Hi(GeV)

500

- 50, 150 .
s ST tan B=50.120 (™ o D servative
- ,f' J,’I ............................................................. — BII.I'](EI[' PI‘Ofﬂe h
O Izslol - Isé}o' - I?;:-l'ol - 'mlor:') - |12|5[.}. 1500
M, (GeV)

|
~ LHC sens. ~ LC sens. Analogously in SPLIT-SUSY

limit limit scenarios




— Antideuterons
--=- Antiprotons
Positrons

proposed by
There are 4

Ak
I

inos + 2 Higg

1

T
L'I

/o
Qh%<0.110-30
103

M (GeV)

L

t
sinos

il
i

=—c=
L s
pueercens () =
=

(T

Future sensitivities

)
1

R
“enario,
gb

i ..1 :]
t IEW
)
|

brane

¥ I].
I.'h. F.
104
03
102
102

, Quiros & PU. 2006

i g, ) L it -
[ ——— l.tll.-. -
e —— —— .\ SR ———— E— S —— el — —
[ —— N s (- ) sz =
[ e CRNNESA,  S— =
ll-......S..tﬂ.ef! v -
[ . & i —=]
i it S =
——s = e P -
[ = g — _ T T —_
it r,ﬂtllrr- g
PR = i (] = ) S
I-....I...lS.i.]....lQIIJ.. ..-Il--:l __ o)
[ Jl.?....ttilluluro == A
|t = g W = 0
e i — i
E— I......,mt N S
[ g == 3 i, |
[ e o .l.mfl}.Fn.-Oi .|.. - o«
et e [ PR s R - o

e T A — — \Y
e g i 1 -
e = - =
ot e g ——— ..1 -

; ==

tests the framework more efficiently,

101N
:.\I 1 ( ;J:r!' Ty
I
j1

i!
e

~ Proveza
L]

VAT AR

——r
-— "
— .,.....T..err .
o S o - e -
[ — e — -
[— S e
e T e
S e N S——"— S —|
— AP
o e ey i .
| = e i ————— II
] (O [, ~<
| — e Si— ~
i ] A e —— —
[Em—— ] ) w— ——
o i, [ niten, i
e —— —— e A
- - — -
I..-l.l.tlat..r-.-l.y P
- =\ i i ———
- @ P m— e
Sy e, S —
e — o e <
- .J-.it.:.ln.l!. -
" - — - —— <t g} !
et - RSN g S —— o =) o
St AP = T — — —
e Gy 0 ——— ] - i
- i A 3 vi
- P
e —— APD
s s iy
- e———— s —— S - i
o e —— i il e - e ——— -
- e e e i | T i i g ——— —
_— . —




Even tougher scenario if you happen to have coannihilations
with strongly interacting particles:
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Complementarity is the keyword!

There is a variety of techniques which can constrain
the picture; many of them have real discovery
potentials, since they rely on clean signatures.

Not necessarily one should play the game “my strategy
is better than yours”; however both direct and indirect
detection can win at this game.

Fast progress is being made on the experimental side!

Some of the issues on indirect detection discussed here,
see Bernard Sadoulet talk on direct detection.




Searches with neutrino telescopes

Extra-clean signature!

Significant limits at present (Baikal, Super-K, Amanda)
large sensitivity improvements for the future (IceCube,

Antares, Nemo, KM3Net, ect.).

The DM signal is at a detectable level when the capture
in the Sun/Earth is efficient, at (or close to) equilibrium
between capture rate and annihilation rate.

For the Earth, spin-independent coupling matters:
under standard assumptions for the WIMP distribution

in the DM halo, direct detection sets stronger limits.




Capture in the Sun is mainly driven by the spin-dependent
term; V-telescopes probe this regime more efficiently than
direct detection (in case of standard annihilation modes).
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Muon flux from the Earth (km'2 yr'l)

More generic MSSM scans, current limits and
Icecube discovery potentials:
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Antimatter Searches

Pamela has safely reached its
orbit and has been switched
into the continuos data

taking mode on July 11, 2006

in 3 yr:

* > 3x10* antiprotons

* > 3x10° positrons

* p, e, He, light nuclei

+ balloon experiments + AMS




Antiprotons

Uncertainties on the background and no clear excess in
current data; larger data sample may improve the situation.

In a vanilla WIMP model (bulk LSP?), it is the channel
with largest signal/background ratio: do not forget about it
when stretching your model to fit other datasets!

E.g., recently: o
Bergstrom et al. ruling out -
de Boer et al. “fit” of
EGRET “excess” in the -
galactic Y-ray flux




Positrons
HEAT excess
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Searches with gamma-ray telescopes

The next-generation of space-based telescopes is almost
ready for launch:

GLAST

launch on
october 7, 2007

+ Agile (march 2007), AMS (...)




The new era of gamma-ray astronomy with ground-based
telescopes has already produced spectacular results:

HESS telescope in Namibia, fully operative since 2003

+ Magic, Stacee, Veritas, ...

Tens of new TeV sources reported in the latest years,
compared to the 12 sources known up to 2003




First VHE map of the Galactic Center by HESS:

+ diffuse emission

from the GC region




Spectral features of central source/excess:
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the GC is not any more the best bet for
indirect dark matter detection!

it is very hard to

1e-07

support the hypothesis
that the central source
is due to pair
annihilation of dark
particles, see also,

e.g., Bergstrom,

neutralino annihilation fit
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it might still be that a DM component could
be singled out, e.g. the EGRET GC source (?):
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the EGRET data;
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its spectral and
angular signatures
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... or we may have to rely on alternative
targets; recent proposals include:

Intermediate-mass
BHs, carrying |
mini-spikes |

N (>¢)

Tens of sources
with identical
spectrum!
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GLAST and DM point sources:
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and in these given setups we predict also:
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Analogously; for the Draco dwarf satellite:
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Follow-ups of first multi-wavelength studies on GC




Anisotropy in the gamma-ray background:
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Summary

The identification of dark matter is one of the most
pressing targets in Science today:

In a (fair) subset of the viable DM scenarios,
detection looks feasible in the near future,

with numerous and complementary techniques on
the market.

LHC will be decisive in discriminating among
different frameworks, possibly giving hints on DM
properties, still DM searches will have to establish
the connection with Cosmology and astrophysical
observations.




