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•The (non-gravitational) coupling to the Standard 
Model is not identically zero. 

Therefore, the WIMP can reveal itself 
astrophysically via annihilation, decay, scattering... 
it is merely a question of whether signals are 
observable in practice. 
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Minimal model:
 

There is a thermal relic WIMP (e.g. LSP in SUSY) 
that interacts via Z or Higgs. 

At “natural” annihilation cross sections, this 
WIMP does not (in general) have any 
astrophysically observable signatures.  

Yet we observe mysterious signals...



Motivations for thinking about novel 
dark matter models:

•DAMA (inelastic dark matter -- Weiner et al.)
•Hard microwaves in the inner Galaxy (WMAP haze)
•511 keV line at Galactic Center (INTEGRAL / SPI)
•Excess positrons at ~ 100 GeV (PAMELA)
•Excess e+e- up to ~ TeV (Fermi)
•Hard gammas in inner Galaxy (Fermi “haze”)
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23 GHz residual WMAP haze residual

Finkbeiner (2003)
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Motivations for thinking about novel 
dark matter models:

•DAMA (inelastic dark matter -- Weiner et al.)
•Hard microwaves in the inner Galaxy (WMAP haze)
•511 keV line at Galactic Center (INTEGRAL / SPI)
•Excess positrons at ~ 100 GeV (PAMELA)
•Excess e+e- up to ~ TeV (Fermi)
•Hard gammas in inner Galaxy (Fermi “haze”)
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Motivations for thinking about novel 
dark matter models:

•DAMA (inelastic dark matter -- Weiner et al.)
•Hard microwaves in the inner Galaxy (WMAP haze)
•511 keV line at Galactic Center (INTEGRAL / SPI)
•Excess positrons at ~ 100 GeV (PAMELA)
•Excess e+e- up to ~ TeV (Fermi)
•Hard gammas in inner Galaxy (Fermi “haze”)



Fermi LAT (large area telescope)

Tungsten layers

Calorimeter
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Could WIMPs make any of these 
signals?

Lots of mysterious signals; some may be wrong, 
some may have nothing to do with dark matter.

Let’s take claimed signals seriously, and build 
models to explain them with WIMPs, and search 
for generic features of those models. 



Could WIMPs make any of these 
signals?

Would need:

•~ TeV-scale WIMPs
•Inelastic scattering
•Large annihilation cross section (today >> freeze-out)
•Large branching fraction to leptons
•Few (or no) anti-protons







Summary of “Theory of DM” paper:

A new force in the dark sector, mediated by a new 
gauge boson, A’, has these appealing features: 

• It can mediate scatterings.
• The A’ vev can generate mass splittings,
• ... so the scatterings can be inelastic.
• The WIMP annihilates through the A’ so if the 
mass is O(1 GeV) can annihilate to leptons.
• Attractive force mediated by A’ gives rise to 
Sommerfeld enhancement to annihilation Xsec.

•This is a framework - there are specific 
realizations... (Arkani-Hamed & Weiner 2008)



Sommerfeld enhancement

A’

A’

A’

Multiple boson exchange enhances Xsec (Arkani-Hamed+ 2009)



Sommerfeld enhancement

Enhancement small at high z  (Arkani-Hamed+ 2009)



Which ingredients are suggested by which 
experiments?



WIMP detection, near and far:

PAMELA
positrons

Fermi
 e+ e-

WMAP haze 
(microwaves)

Local CR signals
(near Earth)

Fermi
gammas

INTEGRAL
511 keV

Galactic Center

DAMA
annual mod.

Dark 
Matter?

inelasticinelastic to leptons

Direct 
detection



WIMP detection, near and far:

PAMELA
positrons

Fermi
 e+ e-

WMAP haze 
(microwaves)

Local CR signals
(near Earth)

Fermi
gammas

INTEGRAL
511 keV

Galactic Center

DAMA
annual mod.

Dark 
Matter?

inelasticinelastic to leptons

Direct 
detection

TeV scale



WIMP detection, near and far:

PAMELA
positrons

Fermi
 e+ e-

WMAP haze 
(microwaves)

Local CR signals
(near Earth)

Fermi
gammas

INTEGRAL
511 keV

Galactic Center

DAMA
annual mod.

Dark 
Matter?

inelasticinelastic to leptons

Direct 
detection

TeV scale

Large Xsec



WIMP detection, near and far:

PAMELA
positrons

Fermi
 e+ e-

WMAP haze 
(microwaves)

Local CR signals
(near Earth)

Fermi
gammas

INTEGRAL
511 keV

Galactic Center

DAMA
annual mod.

Dark 
Matter?

inelasticinelastic to leptons

Direct 
detection

TeV scale

Large Xsec

Annihilates to leptons



WIMP detection, near and far:

PAMELA
positrons

Fermi
 e+ e-

WMAP haze 
(microwaves)

Local CR signals
(near Earth)

Fermi
gammas

INTEGRAL
511 keV

Galactic Center

DAMA
annual mod.

Dark 
Matter?

inelasticinelastic to leptons

Direct 
detection

TeV scale

Large Xsec

Annihilates to leptons

Inelastic (WIMP-nucleon)

Inelastic (WIMP-WIMP)
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Manifestations of a Dark Force could 
include:
 
•Direct searches for the A’ boson (APEX at JLAB...)

•Lepton jets (LHC)
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•CMB constraints (WMAP, Planck)

•Exotic direct detection signals
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Annihilation signals
 I was excited about excess microwaves (WMAP haze)
and gamma rays (Fermi haze) from the inner Galaxy. 
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But after refining analysis (with more data) 
the “haze” became “bubbly.”

 



Su et al.
(2010)

The Fermi Bubbles
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So we have a giant gamma-ray structure, 
probably resulting from a BH accretion event.  
It does not look like WIMP annihilation.
(“I suppose astronomers like this kind of thing”)

 

Artist’s conception:  Reddy & Wiesinger, NASA/Goddard
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WIMP annihilation after recombination
(z ≈ 1000    t ≈ 300,000 yr)



Transparency window

Slatyer+ (2009)



Annihilation photons not yet thermalized

Slatyer+ (2009)



The Slatyer-Padmanabhan-Finkbeiner (SPF) factor. 

Slatyer+ (2009)



The Slatyer-Padmanabhan-Finkbeiner (SPF) factor. 
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The Slatyer-Padmanabhan-Finkbeiner (SPF) factor. 

Slatyer+ (2009)



CMB digression



Benchmark models that fit PAMELA and/or Fermi

From SPF, modeled on Galli+ (2009)



CMB Conclusions:

• For models that can explain PAMELA, the 
Sommerfeld enhancement must be (nearly) 
saturated in the Milky Way today.

• Planck will measure this much better, and has a 
good chance of seeing a signal if PAMELA e+ 
originate from DM annihilation.
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Direct Detection:
 

Search for WIMP-nucleon scattering in experiments 
deep underground

ionization, scintillation or phonon signals. 

What is different in the Dark Forces scenario?



Directional detection
 
As the Earth rotates, diurnal signal in direction

Directional detection is “smoking gun”

Much easier with inelastic WIMPs than with elastic. 



Rate depends on energy and angle:
 

Finkbeiner+ (2009)



Rate depends on energy and angle:
 

Finkbeiner+ (2009)



5 sigma sensitivity
 

Finkbeiner+ (2009)



Bottom line:
 
Directional detection is much easier to do if DM is 
inelastic (and DAMA is seeing WIMPs).

1000 kg day class experiments could do it. 



So, all of these things should be (will be) 
done to search for dark forces. 
 

•Direct searches for the A’ boson (APEX at JLAB...)

•Lepton jets (LHC)

•Annihilation:  gammas, e+e-, microwaves (Fermi, WMAP...)

•CMB constraints (WMAP, Planck)

•Exotic direct detection signals

(Each motivated by dark forces, but of generic interest)




