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Detector/Trigger challenge Detector/Trigger challenge 
for SUSY Dark Matter Scenarios @ ILCfor SUSY Dark Matter Scenarios @ ILC

Z. Zhang

Based on 
1) P. Bambade, M. Berggren, F. Richard & Z. Zhang (hep-ph/040610)
2) H-U. Martyn’s contribution to LCWS’06 (presented by F. Sefkow at SUSY parallel session)
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start with
Motivation

illustrated with
Two challenge scenarios @ ILC

showing
Detector/trigger challenge on detector
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MotivationMotivation

Current precision on Dark Matter(DM) from WMAP: 10%

or in 2σ range: 0.094<ΩDMh2<0.129
(Future precision expected from PLANCK: 2%)

What are these non-baryonic DM?

Can ILC reveal the nature of DM?

If yes, 
� What are requirements on the machine and detectors?
� How precise can one measure the DM relic density?
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Scenario 1: DM=LSP Scenario 1: DM=LSP χχ in in mSUGRAmSUGRA SUSY ModelSUSY Model

�The precision on SUSY DM prediction depends on ΔM & thus

mχ � Needs smuon (or selectron) analysis
m

sτ � Needs stau analysis

Benchmark points:
Battaglia-De Roeck
Ellis-Gianatti-Olive
-Pape, 
hep-ph/0306219
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Production:

Decay:

SmuonSmuon AnalysisAnalysis

e e μ μ+ − + −→ % %

χμ μ± ±→% Final state

2 states giving
missing energy
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LSP & LSP & SmuonSmuon Mass MeasurementMass Measurement
Using EndUsing End--Point MethodPoint Method
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Requiring Nμ=2

Benchmark D:

msmu=224GeV
mχ     =212GeV
� ΔM=12GeV
Ecm=500GeV
L=500pb-1

Signal:
σ=7.2fb

Backgrounds:
many orders
of magnitude
larger

Main cuts:
veto
PT,miss>5GeV

After selection
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Production:

Decay:

StauStau AnalysisAnalysis

e e τ τ+ − + −→ % %

X ττ τ χ ν χ± ±→ →% Final state

1,3,5-prong
τ decay mode

4 states giving
missing energy
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Very Soft Final State (FS)Very Soft Final State (FS)

Dominante 1-prong decay modes

17.4μ

17.8e

11.1π

25.4ππ0

Mode 
(X)

B.R. (%)

Even more softer for 3 & 5-prong
final states

mstau=217GeV, mχ     =212GeV � ΔM=5GeV

Signal cross sections:
σ=10fb  @500GeV, σ=4.6fb  @442GeV
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Vetoing Energetic Vetoing Energetic μ/πμ/π Down to 20mrad?Down to 20mrad?

Background free stau detection needs this capability:

ee�eeμμ, ee�eeττ:
μ+e or τ+e visible in the detector � signal like
Another e in the beam-pipe, another μ or τ�μ/π (energetic) @ low angle

e

μ/τ

μ/τ

e

�New challenge in forward instrumentation !
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Scenario 2: DM=Scenario 2: DM=GravitinoGravitino
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L=100fb-1

@500GeV

σ=300fb
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ChallengesChallenges

Measure heavily ionization particle in event one
(to record tstart & stop location)

Look for late tau decay signal in event two
(to identify tau & define tdecay)

Background rejection
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SummarySummary

(Challenging) DM scenarios put stringent requirement on
both central and forward detectors in its

- Particle identification capability
- time resolution


