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B.E.C.s
axion clusters

Mass range
Only gravitational: wimpzillas
Strongly interacting: B balls

Interaction strength range

thermal relics

nonthermal relics

• neutrinos                                               (hot)

• sterile neutrinos, gravitinos (warm)

• Lightest supersymmetric particle        (cold)

• Lightest Kaluza-Klein particle             (cold)

• B.E.C.s, axions, axion clusters

• solitons (Q-balls, B-balls, odd-balls, …)

• supermassive wimpzillas

eV (g) 
Mʘ (g)

Particle Dark Matter



WIMPs
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Too good to be true?







COUPP CDMS

DAMA

CoGeNT

(  EDELWEISS, 
XENON, EURECA, 
ZEPLIN, DEAP, ArDM, 
WARP, LUX, SIMPLE, 
PICASSO, DMTPC, 
DRIFT, KIMS, …)

Direct Detection
CRESST



Direct Detection

• Depends on local WIMP phase-space density

• Usual assumption: DM GeV cm

• Usual assumption: Maxwellian velocity distribution
in galactic rest frame



Infer surface mass density 
from dynamics of stellar 
motions.

Jan Oort



DAMA/LIBRA

cos (t  t)
T   year
t d ( June)



CoGeNT 



CoGeNT

annual modulation 
at   

Aalseth et al. 2011 



CRESST

Angloher et al. 2011 



Hooper et al. 2010

CoGeNT  DAMA



XENON/CDMS

Angle et al. 2011

CDMS

XENON
CDMS



Juanito





Wimps

Indirect DetectionIndirect Detection
Galactic Center
Dwarf spheroidals
DM clumps, Sun



ATIC Fermi/GLAST

PAMELA

IceCube

AMS

Indirect DetectionIndirect Detection
WMAP

Veritas

H.E.S.S. 



Inirect Detection

• Depends on WIMP density in galactic center or other
structures.

• Simulations unable to resolve issue completely.

• Boost factor.

• If charged particles, propagation in magnetic fields.

• Astrophysical backgrounds.



GALPROP 
prediction

ATIC

620 GeV
WIMP annihilation

Chang et al. 2008

ATIC data



PAMELA



Fermi/GLAST Feature

Hooper & Goodenough 2010



Fermi/GLAST Haze

Han, Frenk, Eke, Gao, White (2011)

1. 20 - 60 GeV in   b b channel
2. 2 - 10 GeV in   channel
3. ³ 1 TeV in   channel



Fermi/GLAST Line

Weniger 1204.2797



Fermi/GLAST Line

Jackson, Servant,
Shaughnessy, 

Tait, Taoso
0912.0004



• WIMPs: causation or coincidence?

• Situation now is muddled
˗ direct hints:    DAMA/LIBRA, CoGeNT, CRESST II, …
˗ indirect hints: PAMELA, ATIC, Fermi/GLAST, …
˗ LHC beginning to weigh in: … 

WIMPs



WIMPs

CoGeNT

nonrelativistic
  N   N

LHC

relativistic
q  q  

Model Dependent



WIMPs
Maverick WIMP*

• WIMP is a loner.

• Use effective field theory,
e.g.: -Fermi interaction.

• WIMP only new species.

• Clear relationships between 
annihilation-scattering-
production cross sections. 

Social WIMP

• WIMP part of a social network.

• Motivated model framework,
e.g., low-energy SUSY.

• Many new particles/parameters.

• Muddy relationships between
annihilation-scattering-
production cross sections.

*Beltran, Hooper, Kolb, Krusberg, Tait 



Maverick WIMPs

Dirac fermion Maverick WIMP, 
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Complex scalar Maverick WIMP, 



Maverick WIMPs



Maverick WIMPs



Maverick WIMPs
spin-independent



Maverick WIMPs

spin-independent

For m  10 GeV or so
   pb

Around a few GeV
   pb



Maverick WIMPs
spin-dependent



WIMPs

spin-dependent

 can be as large as
 pb to  pb



Collider Searches

Social WIMPs

Complicated decay chainBackgrounds (neutrino, QCD, …)

Maverick WIMPs

coupling from 
or direct/indirect

WIMPs

Beltran, Hooper, Kolb, Krusberg, Tait     1002.5137
Rajaraman, Shepherd, Tait, Wijangco 1108.1196
Fox, Harnik, Kopp, Tsai                           1109.4398



simulationhttps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059Winter2012

Missing Momentum  Missing Mass?



WIMPs
CoGeNT

nonrelativistic
  N   N
 pb –  pb

Described by 
Effective field theory

LHC

relativistic
q  q  


Assume described by
effective field theory

Model Dependent



Collider Searches

Backgrounds (neutrino, QCD, …)

Maverick WIMPs

coupling from 
or direct/indirect

Maverick WIMPs

• MadGraph/MadEvent: 
Feynman diagrams, 
cross sections, 
parton-level events

• Pythia: 
Hadron-level events 
via Monte Carlo showering

• PGS: 
Reconstructed events 
at collider



Maverick WIMPs

 pb

Kolb & Krusberg

 pb



arXiv:1203.0742 [hep-ex]



arXiv:1203.0742 [hep-ex]







• Why only one WIMP?

• If social network of several WIMPs, stronger interacting ones:
― Easier to detect
― Smaller 

• Super-WIMPs

• Self-interacting WIMPs

• Inelastic WIMPs

• Leptophilic/Leptophobic WIMPs

• Flavor-dependent WIMP couplings

• Haze, fog, mist

And this is just for WIMPs!

WIMP Questions



• Direct detectors, indirect detectors, & colliders race for discovery

• Suppose by 2015 have credible signals from all three??? 

How will we know they are all seeing the same phenomenon?

• Lots of opinions (papers)

• Let’s hope for this problem!!!!

The Decade of the WIMP
• Is there a WIMP miracle?

• Situation now is muddled

• Ten years from now the WIMP hypothesis will have either:
Convincing evidence, or
Near-death experience



WIMPs are a simple, elegant, compelling explanation for a 
complex physical phenomenon.

“For every complex natural phenomenon there is a simple, 
elegant, compelling, wrong explanation.”

— Tommy Gold  

Dark matter is a complex physical phenomenon.

WIMPs



IT TAKES THE      

Big Chief CERN Director

Cowboy 
Cosmologist

Hardhat
Experimentalist

SUSY Cop

Beyond SM
Guy

Swiss Army 
Member
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