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SUSY FastMC Studies at CU Boulder

Many undergraduates contribute to SUSY and calorimetry
studies at CU with funding fron NSF, UROP, and other
sources. These students include:

Chris Geraci Paul Steinbrecher Elliot Smith
Maria Gulda Kyle Miller Jack Gill
Keith Drake Jesse Smock Matthew Phillips

Sarah Moll

http://hep-www.colorado.edu/SUSY

http://hep-www.colorado.edu/˜nlc
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SUSY FastMC Studies at CU Boulder

Our task:

Attempt reconstruction of SUSY masses using fast MC
detector simulation
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SUSY FastMC Studies at CU Boulder

Our task:

Attempt reconstruction of SUSY masses using fast MC
detector simulation

Determine whether measurements are attainable

Determine whether changes in detector or accelerator
design might help with measurements
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The SUSY Parameter points

Nine separate parameter points chosen for studies: SPS1-9

6 mSUGRA parameter points

2 GMSB points

1 AMSB point
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The SUSY Parameter points

Nine separate parameter points chosen for studies: SPS1-9

6 mSUGRA parameter points

2 GMSB points

1 AMSB point

Similarities include Higgs mass of about 115GeV
Differences include variations in relative masses of SUSY
particles representative of various regions of parameter
space
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The SUSY Parameter points

Nine separate parameter points chosen for studies: SPS1-9

6 mSUGRA parameter points

2 GMSB points

1 AMSB point

Similarities include Higgs mass of about 115GeV
Differences include variations in relative masses of SUSY
particles representative of various regions of parameter
space

We have focused on SPS1 and several other mSUGRA
points
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The SUSY Parameter points
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The SUSY Masses
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The SUSY Masses
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Simulation Tools

Event Generation:

ISAJET - SUSY and Standard Model background

HERWIG - e+e− → e+e−γ∗γ∗

WHIZARD - multiple parton final state events
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Simulation Tools

Event Generation:

ISAJET - SUSY and Standard Model background
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WHIZARD - multiple parton final state events

Detector Simulation

Locally written toy MC simulation; some bells and
whistles
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Simulation Tools

Event Generation:

ISAJET - SUSY and Standard Model background

HERWIG - e+e− → e+e−γ∗γ∗

WHIZARD - multiple parton final state events

Detector Simulation

Locally written toy MC simulation; some bells and
whistles

Analysis

ROOT
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Endpoint Method Overview

e+e− → XX̄
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Endpoint Method Overview

e+e− → XX̄

X → Y + Z

E(X) = 250GeV

E(Z) = γ(EZ,cm + βPZ,cmcos(θ))
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Endpoint Method Overview

e+e− → XX̄

X → Y + Z

E(X) = 250GeV

E(Z) = γ(EZ,cm + βPZ,cmcos(θ))

Energy of visible (particle Z) follows a uniform distribution
between an Emax and Emin.
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Smuon Energy Distribution at SPS1

e+e− → µ̃+

Rµ̃−

R

e+e− → µ̃+

L µ̃−

L

µ̃±
→ χ̃0
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Two distributions corresponding to two different smuons
add to form energy distribution with four endpoints.

Number of events is proportional to cross section and thus
polarization.
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Smuon energy angular dependence

No cut on angle
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Smuon energy angular dependence

Angle cut: cos(θ) < 0.95
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Smuon energy angular dependence

Angle cut: cos(θ) < 0.9
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Smuon energy angular dependence

Angle cut: cos(θ) < 0.85
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Smuon energy angular dependence

Angle cut: cos(θ) < 0.8
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Smuon energy angular dependence

Angle cut: cos(θ) < 0.7
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Smuon energy angular dependence

Angular distribution of smuon production is peaked at
cos(θ) = 0.

Therefore angular cuts have only a minor effect, mostly at
the low end of energy spectrum.
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W pair production

For t-channel events, (gauginos, e.g.) angular cuts affect
the high end of the energy spectrum, and are much more
pronounced.
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W energy angular dependence

No cut on angle
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W energy angular dependence

Angle cut: cos(θ) < 0.95
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W energy angular dependence

Angle cut: cos(θ) < 0.9
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W energy angular dependence

Angle cut: cos(θ) < 0.85
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W energy angular dependence

Angle cut: cos(θ) < 0.8
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W energy angular dependence

Angle cut: cos(θ) < 0.7
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Two-photon background

e+e− → e+e−γγ

γγ → `+`−

Extremely high
cross section

Peaked at low
energy

Peaked at low
angle
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Two-photon background
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Detector needed in highly forward region to detect
scattered electrons

Background is mostly eliminated with missing Pt cut

Remaining background (from taus) is
polarization-independent
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Conclusions

Requirements for Smuon Studies:

Muon id

Good forward electron detector

Reasonable angular coverage

Good energy (momentum) resolution

Joseph Proulx - University of Colorado - ILCWS05 – p.27/27



Conclusions

Requirements for Smuon Studies:

Muon id

Good forward electron detector

Reasonable angular coverage

Good energy (momentum) resolution

Smuon studies do not drive muon detector requirements.
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