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SUSY FastMC Studies at CU Boulder

Many undergraduates contribute to SUSY and calorimetry
studies at CU.

Those that have contributed to this presentation include:

Chris Geraci Paul Steinbrecher Elliot Smith
Maria Gulda Kyle Miller Jack Gill

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

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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Detector Simulation

Locally written smear-mode 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 smear-mode 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.

Joseph Proulx - University of Colorado - ILC SUSY Studies – p.12/28



Endpoint method - Example: SPS1 ν̃eν̃e

e+e− → ν̃eν̃e

ν̃e → χ̃0
1ν(87.9%)

ν̃e → χ̃+

1
e−(8.9%)

left polarization right polarization
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Endpoint method - SPS1 ν̃eν̃e - Results

Elow Ehigh

No Brems 4.11 ± 0.04 21.10 ± 0.09

Brems 4.22 ± 0.08 20.40 ± 0.12

Mν̃e
Mχ̃0

1

Input 186.00 176.38

No Brems 184.7 ± 0.7 175.1 ± 0.7

Brems 188.4 ± 0.7 178.9 ± 0.7

Joseph Proulx - University of Colorado - ILC SUSY Studies – p.14/28



Endpoint method and Beam/Bremsstrahlung

No Bremsstrahlung With Bremsstrahlung

Bremsstrahlung and beamstrahlung destroy the energy
endpoints. However, the energy distribution is still highly
dependent upon the particle masses.
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Endpoint method - χ̃±

1 → W±χ̃0
1

e+e− → χ̃+

1
χ̃−

1

χ̃±
1
→ χ̃0

1W
±

W±
→ `±ν`

W∓
→ qq̄′

W+
Entries  10569
Mean    111.3
RMS     12.41

70 80 90 100 110 120 130 140 150 (GeV)0

10

20

30

40

50

W+
Entries  10569
Mean    111.3
RMS     12.41

Energy distribution of W+’s in signal events at SPS1

Reconstructed Mass MC Mass
χ̃0

1 101.0 ± 0.3 (statistical) 95.185

χ̃±
1

186.8 ± 0.5 (statistical) 180.374
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Endpoint method - χ̃±

1 → W±χ̃0
1

W+
Entries  10569
Mean     76.1
RMS     3.444

50 55 60 65 70 75 80 85 90 (GeV)0

100

200

300

400

500

600

700

800

900

W+
Entries  10569
Mean     76.1
RMS     3.444

 Mass distribution of W+’s in signal events at SPS1

Bias in W mass reconstruction affects reconstruction of
gaugino mass
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Endpoint Method - Conclusions

2-body decays provide a distinct signal for SUSY
searches

The endpoint method can be used to make a rough first
calculation of the mass

Brems-/beamstrahlung make precision measurements
impossible

Precision measurements are impossible in the best
case when the visible particle is a W or Z

SUSY signals are distinct enough to yield precision mass
measurements
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Measuring Masses by χ2 Analysis

Use ISAJET to create one year of SUSY, SM data

Determine cuts to isolate signal

Compare energy distribution to distribution using
different input masses

Each variation uses 10 years of data in order to
minimize uncertainty in histogram bin size

Best mass for 1-year data set corresponds to minimum
χ2

Uncertainty is the change in mass which causes a
change of 1 in χ2
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χ2 Analysis - SPS6 ν̃eν̃e

e+e− → ν̃eν̃e

ν̃e → χ̃0
1νe; ν̃e → χ̃−

1
e+

χ̃−
1
→ χ̃0

1W
−
→ hadrons

Cuts:

number of particles

reconstructed W mass

energy of W
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χ2 Analysis - SPS6 ν̃eν̃e

No Bremstrahlung

Energy (GeV)
0 20 40 60 80 100

N
u

m
b

er
 o

f 
E

ve
n

ts

0

100
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Nent = 45077  
Mean  =  35.01
RMS   =  20.48

Electron Energy Spectrum 1
Nent = 45077  
Mean  =  35.01
RMS   =  20.48

red = signal

Recon Mass MC Mass
ν̃e 243.6 ± 0.5 243.85

χ̃±
1

222.1 ± 0.5 222.38

With Bremstrahlung

red = bremstrahlung

Recon Mass MC Mass
ν̃e 248.9 ± 0.8 243.85

χ̃±
1

227.4 ± 0.4 222.38
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χ2 Analysis - SPS6 ν̃eν̃e

χ2 of the distribution varies as a function of M0 and M1/2

Recon Mass MC Mass
ν̃e 243.6 ± 0.1 243.85

χ̃±
1

222.4 ± 0.3 222.38
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χ2 Analysis - SPS6 ν̃eν̃e

Similar analysis as at SPS6:
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Prob  =     1
 0.2693 ±X Shift  = 149.9 

 16.73 ± =  86.6 2σ
1

 170.8 ±Y Shift  = 160.6 

0M
Prob  =     1

 0.2693 ±X Shift  = 149.9 
 16.73 ± =  86.6 2σ

1

 170.8 ±Y Shift  = 160.6 

Recon Mass MC Mass
ν̃e 244.8 ± 0.1 245.9
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The Colorado SUSY group

SUSY parameter points and masses

Simulation tools

Endpoint method studies

Determining masses by minimizing χ2

Current status and future work
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Current Status and Future Work

Signal analysis is an ongoing process

0M
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2 χ
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Prob       0
X Shift   0.1057± 98.26 

 2σ
1  0.04862± 1.313 
Y Shift   2.133±   101 

Prob       0
X Shift   0.1057± 98.26 

 2σ
1  0.04862± 1.313 
Y Shift   2.133±   101 

: Three charged particle (no photons)0M

Three-prong taus produce energy distributions that may
yield successful mass determination.
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Current Status and Future Work

Signal analysis is an ongoing process
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The Mass with 75 particles
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The Mass with 115 particles
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The Mass with 95 particles

Table
Entries  99
Mean    407.8
RMS     22.28
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The Mass with 135 particles

H+ → tb̄ at 1TeV produces a significant mass peak.

Joseph Proulx - University of Colorado - ILC SUSY Studies – p.27/28



Snowmass Mountain, CO - 14092’
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