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Introduction

• Dark matter is the best evidence for physics
beyond the standard model.

• The most appealing candidate for the dark matter
is WIMP (weakly interacting massive particle).

• The right amount of dark matter density can be
obtained from the thermal relic of a weakly
interacting stable neutral particle of ~TeV mass.

• Such a scenario will be probed at colliders in

addition to other dark matter detection
experiments. It may related to the electroweak
symmetry breaking and the hierarchy problem.

Introduction

• A stable new particle at the TeV scale implies that
there is a new symmetry under which all SM
particles are not charged. The simplest possibility
is a Z2 parity.

• Such a new symmetry also helps the little

hierarchy problem: the new particles charged
under the new symmetry do not contribute to the
electroweak observables at the tree level.

• The most popular and studied candidate is the

lightest supersymmetric particle (LSP) which is
odd under R-parity. However, there have been
many new candidates proposed recently.

Universal Extra Dimensions

• Extra dimensions compacted on an orbifold often

have some geometric symmetry which is a
subgroup of the higher dimensional Poincare group.

• As a result, momentum (KK-number) conservation
in extra dimensions is broken down to some
discrete symmetry (KK-parity), which can play the
role of the dark matter symmetry.

• The lightest Kaluza-Klein excitation charged under
the KK-parity can be the dark matter particle if it
is electrically neutral.
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Cheng, KM, Schmaltz, hep-ph/0204342

Cheng, Matchev, Schmaltz, hep-ph/0204342
• Mimics supersymmetry!
• Seems challenging: “degenerate SUSY”?

Universal Extra Dimensions

• The spectrum of the 1st KK level looks like

supersymmetry. The collider signals are similar.

1st level KK particle (LKP) is likely to
• The lightest
1
1
be γ ≈ B which can be a good dark matter
candidate. (Another possibility is the KK graviton,
a candidate for SuperWIMPs.)
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Figure 4: Feynman diagrams for B (1) B (1) annihilation into fermions.
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has spin-1, its annihilations to SM fermions are
not helicity-suppressed, unlike the neutralino LSP.
The annihilation cross section is larger. To account for
1
the dark matter, the mass of B generally needs to be
larger than the LSP mass in SUSY.
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we assume a neutrino which is the weak partner of the left-handed electron; the results
for the weak partners of the muon or tau are simply obtained by appropriately replacing
possibility of a sterile neutrino or its KK modes. For the purposes of this discussion,
the exchanged particles in specific processes. We continue to neglect fermion and boson
we assume a neutrino which is the weak partner of the left-handed electron; the results
masses, and ignore fermion mixing.
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The ν (1) can annihilate with ν (1) into quark (and other family lepton) zero modes
the exchanged particles in specific processes. We continue to neglect fermion and boson
through an s-channel Z zero mode (Figure 6). The cross section is given by,
masses, and ignore fermion mixing.
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Nc gZ2 (ḡL2 + ḡR2 ) (s + 2 m2 )
,
24 π β s2
e
=
,
2sW cW

σ(ν (1) ν (1) → f f ) =
gZ

where,
0

(1) (1)

e

(48)

(49)

1

Relic Density
of B LKP
Improved result
(Kong, Matchev, hep-ph/0509119)

• a: γ1γ1 annihilation only (from hep-ph/0206071)
• b: repeats the same analysis but uses temperature dependent

The Effects of Coannihilations

• Due to the degeneracy of the spectrum,
coannihilation effects are important.

• Coannihilations with the SU(2) singlet KK leptons

reduces the effective cross section and hence reduces
the predicted LKP mass, in contrast to SUSY.

• Coannihilation with doublet KK leptons and KK

quarks increases the effective cross section and the
predicted LKP mass, due to larger SU(2) and SU(3)
gauge couplings.

• Annihilation through the 2nd KK level Higgs

resonance can also increase the cross section and the
predicted LKP mass. (Kakizaki et al, hep-ph/0502059, 0508283)

The Effects of Coannihilations

• The change in the cosmologically
preferred value for R−1 as
Effects due to coannihilations
with
a result of varying the different KK masses away from their
leptons
and quarks
SU (2)W singlet KK nominal
MUED values (along each line, Ωh2 = 0.1)

Kong, Matchev, hep-ph/0509119

(Kong, Matchev, hep-ph/0509119)

(Kong, Matchev, hep-ph/0509119)

to coannihilations with
et KK leptons and quarks

g, Matchev, hep-ph/0509119)

• Mass splitting: ∆ =

M −MLKP
MLKP

• (a) 3 generation of SU (2)W singlet KK leptons
1
– Coannihilations decrease LKP mass m1 ∼ R
(for small ∆)
⇔ SUSY: coannihilations increase LSP mass
• (b) 3 generation of SU (2)W singlet KK quarks
• Nonminimal UED
– Cross sections are large due to QCD coupling
– Cosmologically
allowed LKP mass range can be larger
– Coannihilations increase LKP
mass
If ∆LHC
is small,
mLKP
is largea
– No “no lose” theorem for– the
or ILC
regarding
potential absolute upper bound on→
theUED
LKPescapes
mass collider searches
But, good news for dark matter searches
– SU (2)W singlet KK quarks is very→similar

Direct Detection

Direct detection

• Predicted production cross sections for different ∆ =

m−mγ1
mγ1

(Cheng, Feng, Matchev, hep-ph/0207125)
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Blue:
Spin-dependent

• The region above CDMS line is ruled out
• For given mLKP , cross section is large due to s-cha
resonance → sensitive to direct detection

Yellow:
Spin-independent
The cross sectionγ1is enhanced by theγ1s-channel pole due to the degeneracy
of the spectrum.
q1

CDMS:
B1 LKP
Direct
Detection
• Spin independent:
(Baudis, Kong, Matchev, Preliminary)

• SuperCDMS (projected)
– A (25 kg), B (150 kg), C (1 ton)
• ∆q1 =

mq1 −mγ1
mγ1

Indirect Detection

• Neutrinos from the centers of Sun and Earth
• Positrons and anti-protons from the galactic halo
• Photons from the galactic center
1
1
can annihilate to light fermions directly,
B
,
B
•

producing high energy neutrinos and positions
with large rates, in contrast to the neutralino LSP
in SUSY.

Indirect Detection

Dark matter as a Discriminator
• Predicted positron signals
(Cheng, Feng, Matchev, hep-ph/0207125)

• SUSY: helicity-suppressed annihilation amplitudes
• A peak in the e+ spectrum:
– A smoking gun for γ1 dark matter
– can rule out neutralinos as the source

DM from Other Models

•Z

symmetry in a warped extra dimensional GUT
model (Agashe, Servant, hep-ph/0403143, 0411254): Z3 protects
proton stability and gives a DM candidate (A
neutral fermion in the same GUT multiplet as the
top quark.
3

• Little Higgs models with T-parity (

Cheng, Low, hep-ph/

): T-parity solves the problem with the
electroweak precision constraints. The lightest Todd particle is a good DM candidate. It can be a
1
heavy U(1) gauge boson as B in UED, or a scalar
pseudo-Nambu-Goldstone boson.
0308199, 0405243

Conclusions

• There are many new WIMP (and superWIMP) dark

matter candidates proposed recently related in one
way or another to extra dimensions.

• The dark matter particle can have spin-0, 1/2, 1,

(3/2, 2). They have different interactions and
different reaches in various dark matter detection
experiments.

• Most of the models beyond SM with dark matter

candidates have some similar collider signals (jets/
leptons + missing energy). Direct or indirect
detections of dark matter provides complementary
tests of the new models.

