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@ About of the energy in the universe is

@ Non-particle explanations unlikely

@ has to be stable (or at least

® cannot have strong interactions (otherwise
exotic nuclei) or electric charge ( )

@  cannot be a Standard Model neutrino (

)

o Have to (at least one)



WIMP: a Perfect Fit

® 'S interact with the SM matter via (or
a new interaction of similar strength/range)

@ s (mass >> 1 MeV) # ’s are in
with the SM matter as long as
Ty OU- Sl
» When n, o exp(—M /T XBoltzmann

suppression) and ’s

o Energy density of ’s today: p, &



Assumptions:

@ Assume mass spectrum (no resonances, no
coannihilations)

o At the time of decoupling, the only important

reactions are yy <> X; X, where X, is SM

@ For non-relativistic WIMPs, can be expanded as:
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20 constraint using Qdmh®=0.112+0.009 (WMAP)



From Cosmology fo Colliders

@ Cosmology provides a precise, model-
independent measurement of Ogan

) use this information to predict  production
rate at a collider!

o Step 1: (DB)
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Tagging and Factorization

o Obtain a prediction:
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2.5 i )= S
@ This is unobservable (like Eher L V)
o Consider instead e’ e~ — XX

o Step 2: Use soft/collinear factorization: ™
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) results in a prediction
for an observable quantity

o Rates are I:{> no lower bound
@ However many models predict

@ Only works for NR IZ{>WIMPS close to

@ Collinear photons are unobservable: cuts on
and are necessary to eliminate backgrounds
(e.g. Bhabha)

@ Compare the rates (integrated with )
obtained by an exact calculation in a chosen
model (MSSM) to the DB+CF results with matching
parameters ( )



DB+CF vs. Exact: Photon
SP€C'|']"C1, €+€1_’X1X1Y '

py > 7.5 GeV,sinf > 0.1



DB+CF vs. Exact: Phofon e
Spectira, e'e —>xxy

py > 7.5 GeV,sinf > 0.1



DB+CF vs. Exact: Phofon e
Spectira, e'e —>xxy
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DB+CF vs. Exact: Phofon e
Spectira, e'e —>xxy
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Lessons of the Comparison

@ Collinear approximation works pretty well,
even an extra cut to suppress central
photons!

@ A lower cut on * is necessary to select
events with WIMPs



Experimental Strategy for a
Model-Independent WIMP
Search at the ILC

@& Look for photon+missing energy events

o Impose /(") cut to eliminate fakes (mainly
Bhabha)

o Impose E."" cut to.ensure non-relativistic. WIMPs

) Computefng subtract the irreducible background
(mainlye' e — vuvy)

@ Look for deviations from zero!



The Reach of a 500 GeV LC
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- stat. only ( £ = 500 fb_l), - stat. + 0.3% syst.
sin@ > 0.1, p > 7.5 GeV, z, €[l —8M7/s,1—4M_/s]



) reduces the background:

ole; e — viy) > a(epef — viry)
o Example: © WIMPs”
o(epef — xx) = alegef — xx)
@ improved by a factor of for
, and a factor of for

@ The approach can be applied to collisions as
well, but backgrounds are much more severe (see
S. Su’s talk)



@ Cosmology provides
information on the NR limit of WIMP total
annihilation cross section (with mild assumptions
- generic mass spectrum)

@ Using and
, this leads to a 1-parameter
prediction of due to WIMP
pair-production

@ This prediction is of microscopic
physics (SUSY, UED, LH, ...)

@ Predicted rates are challenging but
at the ILC



Summary: WMAP -> ILC




