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Dark Matter (DM)  Dark Matter (DM)  

ΩΩDMDM hh22=0.112 =0.112 §§ 0.0090.009

•• Can not be any of the known particles Can not be any of the known particles 
•• microscopic identity of DM microscopic identity of DM ? ? 

−− NonNon--baryonicbaryonic
−− StableStable
−− NeutralNeutral
−− ColdCold

WIMPWIMP

•• appear in particle physics models motivated independentlyappear in particle physics models motivated independently
by attempts to solve EWSB by attempts to solve EWSB 

•• relic density are determined by relic density are determined by MMplpl and and MMweakweak

−− naturally around the observed valuenaturally around the observed value
−− no need to introduce and adjust new energy scaleno need to introduce and adjust new energy scale

andand superWIMPsuperWIMP
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WIMP WIMP 

Neutral WIMPNeutral WIMP

•• mmWIMPWIMP»» MMweakweak
•• σσanan »» ααweakweak

22 MMweakweak
--22

ΩΩWIMPWIMP »» hh σσananvv ii--11

naturally around naturally around 
the observed valuethe observed value

e.g. e.g. neutralinoneutralino LSPLSP

WIMPWIMP
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SWIMPSWIMPSMSM

101066

superWIMPsuperWIMP

FRT hep-ph/0302215, 0306024

101044 s s << t t << 101088 ss

superWIMPsuperWIMP
e.g. e.g. GravitinoGravitino LSPLSP

LKK gravitonLKK graviton
WIMPWIMP
•• neutralneutral
•• chargedcharged

WIMP WIMP →→ superWIMPsuperWIMP + SM particles+ SM particles

WIMPWIMP
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WIMP production (I)  WIMP production (I)  

ΩΩWIMPWIMP, , ΩΩSWIMPSWIMP ≤≤ ΩΩDMDM

WIMP annihilate efficiently in early universeWIMP annihilate efficiently in early universe

WIMP be produced efficiently at WIMP be produced efficiently at colliderscolliders

Birkedal, Matchev and Perelstein, PRD70, 077701 (2004)

Upper bound on Upper bound on ΩΩ

Lower bound on ratesLower bound on rates

•• neutral WIMP at ILC:neutral WIMP at ILC: see see PerelsteinPerelstein’’ss talktalk
•• both ILC and LHCboth ILC and LHC
•• consider consider superWIMPsuperWIMP scenario: scenario: more promisingmore promising
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WIMP production (II)  WIMP production (II)  

WIMP annihilationWIMP annihilation X: WIMPX: WIMP

n=0: Sn=0: S--wave; n=1, Pwave; n=1, P--wavewave

WIMP relic densityWIMP relic density

xxFF==mmWIMPWIMP/T/TFF

WIMP pair production:WIMP pair production: via detailed balancevia detailed balance

ηη==1/2: 1/2: i,j,identicali,j,identical
ηη==1: otherwise1: otherwise

relative velocity of two WIMP in CM framerelative velocity of two WIMP in CM frame
spinspin

x=x=mmWIMPWIMP/T/T
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SuperWIMP with charged WIMP  SuperWIMP with charged WIMP  

LHC productionLHC production VVXX < < VVmaxmax, V, V22
maxmax=2=2

Leading contribution onlyLeading contribution only
No (loop induced) No (loop induced) gggg fusionfusion
No three body process: No three body process: qgqg !! qXXqXX

__
Signal: Signal: two isolated charged track, free of two isolated charged track, free of hadronhadron activityactivity

−− ||ηη| < 2.5 | < 2.5 
detect the trackdetect the track

−− ββ < 0.7 < 0.7 
ionization ionization ––dE/dxdE/dx more than double minimummore than double minimum--ionizingionizing

Background free !Background free !
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SuperWIMP with charged WIMP at LHC  SuperWIMP with charged WIMP at LHC  

||ηη|<2.5, |<2.5, ββ<0.7<0.7

•• PP--wave vs. Swave vs. S--wavewave
VVXX

22 suppression suppression 
compensated by compensated by σσanan

•• ββCUTCUT dependencedependence
drop by factor of 2drop by factor of 2--5 5 
for for ββ<0.6<0.6

•• SSXX=0=0
σσ // (2S(2SXX+1)+1)22

•• mmSWIMPSWIMP/m/mWIMPWIMP=0.6=0.6
σσ // mmSWIMPSWIMP/m/mWIMPWIMP

•• isotropic distributionisotropic distribution
10% variation for 10% variation for 
sinsin22θθ or (1or (1§§ coscosθθ))22

•• ηηCUTCUT dependencedependence
drop by 20% for |drop by 20% for |ηη|<0.5|<0.5

•• κκqqqq=0.2 for q==0.2 for q=u,d,s,c.bu,d,s,c.b
σσ // κκqqqq

--
--
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SuperWIMP with charged WIMP at ILC  SuperWIMP with charged WIMP at ILC  

ββ > 0.7, V> 0.7, VXX
22 >2>2

unreliableunreliable

κκeeee=1=1
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superWIMP: Discovery limit  superWIMP: Discovery limit  

10 events reach10 events reach

PP--wavewave
SSXX=0=0
mmSWIMPSWIMP/m/mWIMPWIMP=0.6=0.6

Scale as Scale as 
(2 S(2 SXX+1)+1)--22 and and 
(m(mSWIMPSWIMP/m/mWIMPWIMP))--11

(L=30 fb(L=30 fb--11))

(L=1 ab(L=1 ab--11))

(L=1 ab(L=1 ab--11), ), EEcmcm=2.8 =2.8 mmWIMPWIMP ((ββ=0.7)=0.7)
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Neutral WIMP at LHC Neutral WIMP at LHC 

•• WIMP pair production is invisible WIMP pair production is invisible 
•• Consider Consider monojetmonojet event: pp event: pp !! X X jX X j-

-

•• irreducible SM background: pp irreducible SM background: pp !! νν νν jj--

Difficult !Difficult !Difficult !

Splitting functionSplitting function
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ConclusionsConclusions

If stable WIMP or If stable WIMP or superWIMPsuperWIMP exist, cosmology provides exist, cosmology provides 
modelmodel--independentindependent lowerlower bounds on production rates of bounds on production rates of 
new particles at new particles at colliderscolliders..

In In superWIMPsuperWIMP scenario with charged WIMP, spectacular scenario with charged WIMP, spectacular 
signals at LHC and ILC.signals at LHC and ILC.

In standard WIMP scenario, In standard WIMP scenario, XXjXXj signal is swamped by signal is swamped by 
monojetmonojet background. background. 

--
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