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Finding DM: Indirect Detection Strategies

๏ We can detect presence of DM 
by its annihilation products in the 
galactic halo

๏ Signatures include observation of 
cosmic rays
๏ IceCube, Antares, Super -

Kamiokande (neutrino detectors/
telescopes)

๏ PAMELA (satellite)
๏ Fermi (satellite)
๏ ACTs (ground-based telescope)

๏ How might these final states be 
connected with new physics?
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Gamma ray lines

๏ Advantages: 
๏ Typically very sharp before 

detector smearing
๏ Quite unambiguous

๏ Disadvantages:  
๏ May be swamped by continuum 

backgrounds (particle physics)
๏ May be swamped by 

astrophysical backgrounds 
(astrophysics)

๏ Key to isolating DM signal is 
understanding the 
backgrounds 
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The Continuum

๏ Annihilation to SM modes
๏ Soft photons from fragmentation/

hadronization (largely                )
๏ Typical of gauge bosons

๏ Harder photons from FSR:

๏ Typical of charged leptons

๏ Micromegas used to calculate 
continuum 
๏ Utilizes PYTHIA generated output
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Spectroscopy of  new physics states

๏ WIMPs annihilate at rest
๏ Mass can be determined with 

annihilation to

๏ Annihilation to     and associated 
massive stable final state gives well 
defined energy

๏ In principle, measured photon energy 
can give:
๏ DM mass
๏ Associated X mass (when accessible)
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Photon Energy Smearing

๏ X-state usually not stable.  Therefore, photon energy is smeared by 
Breit-Wigner width:

with

๏ Experimentally, energy smeared with Gaussian kernel 
๏ Roughly 10% resolution for Fermi LAT
๏ ACTs have roughly 15-20% energy resolution
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Extra Dimension models

๏ SM fields propagate in flat extra dimension
๏ Momentum conservation gives KK parity

๏ WIMP candidate provided naturally 
๏ Minimal universal extra dimensions (5-D) (Appelquist, Cheng, Dobrescu)

๏ Compactification on the chiral square (6-D) (Dobrescu & Ponton)
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5-D 6-D
Compactification Line Chiral Square

KK-masses M2
(n) = m2

0 + n2

L2 M2
(n) = m2

0 + π2 j2+k2

L2

WIMP Candidate B(1) - Vector BH - Scalar
WIMP mass range ∼ 500− 1000 GeV ∼ 200− 500 GeV

γ-ray signature γγ, γZ, γh γγ, γZ, γB(1,1)
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Details of  6-D calculation

๏ Annihilation to              by box diagrams:

๏ Assumptions:
๏ WIMPs annihilate at rest
๏ Conservation of angular momentum
๏ Frame choice

๏ Technical issues
๏ Passarino-Veltman integrals depend inversely on Gram-Determinant

๏ Problematic in static annihilation limit
๏ Reduction by R. Stuart alleviates this problem 
(Comp. Phys. Comm. 48, 367 (1988)
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5-D calculation by Bergstrom et al. hep-ph/0412001
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The WIMP Forest
๏                about order of mag. larger 

than other line modes
๏ Due to less destructive interference

๏ Additional line occurs at 
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γB(1,1)

γγ, γZ

HESS Data

γB(1,1)
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Additional associated annihilation modes

๏ Z-boson 
๏ Well studied in SUSY context, often merges with         line

๏ Z’-boson
๏ Connection between DM and extended gauge sectors?

๏ Higgs boson
๏ Could be connection of DM sector with EWSB sector?

๏ The Unexpected!?

10

γγ

DM

DM

γ

X



Aspen Winter Conference 2010Jan. 21, 2010

Higgs line through Dirac WIMPs

๏ Particle content:

๏ Effective Lagrangian:

๏              kinetic mixing      controls annihilation to most SM modes
๏ Relevant for continuum, EWPO prefers small values

๏ Similar to low energy warped RS where WIMP is right handed 
neutrino
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Higgs in Space!

๏ Annihilation to        can significantly 
displace photon line depending on 
Higgs mass

๏ Angular momentum conservation 
allows Dirac fermion or vector boson 
in initial state

๏ Observation of Higgs line may help 
determine the spin of DM state!
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Jackson, Servant, GS, Tait, Taoso (arXiv:0912.0004) 
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Pigs -er- Higgs in Space!
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Did 1970s TV foretell 
Higgs in Space?

LHC?

Swine Flu?

Fermi Satellite?
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Higgs in Space!

๏ Observation of two lines can 
be checked for consistency 
with Higgs boson mass 
(determined at LHC)

๏ Additional lines may appear if 
associated states can be 
produced
๏ New physics spectroscopy
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Identifying lines
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3 lines: γh + γZ + γZ ′

2 lines: 
γh/γZ + γZ ′

Assume line identification if 
∆E

E
> 20%

1 line: γh/γZ

γh + γZ
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Present limits from Fermi LAT

๏ Results from Fermi limits annihilation 
rate to        lines

๏ Convert  to        line limits:

๏ Portions of model already probed:
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Connection with the LHC and the revolution

๏ Top portal key

๏ Z’ radiation from top quarks       
can give
๏ 4 top signature:

๏ For       masses below     
threshold, gamma ray line at 
LHC:

๏ Large MET challenging:
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Summary

๏ Spectroscopy of New Physics possible with gamma ray lines

๏ 6-D Chiral Square model provides dual-line candidate

๏ Warped-RS low energy EFT can provide many lines
๏  
๏ Higgs in Space!  Connection between Dark Sector and EWSB?

๏ LHC signatures may be surprising
๏                                    or 
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γγ + γB(1,1)

γZ + γZ ′ + γh

pp→ tt̄Z ′ → tt̄tt̄ pp→ tt̄Z ′ → tt̄hγ

Part of the next revolution in 
Particle Physics may shine from the sky!


