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• Tau-pair
http://www.ilcild.org/documents/ild-loi-

material/tau090316.pdf/at_download/file

• SUSY point5
http://www.ilcild.org/documents/ild-loi-

material/point5_090319_2.pdf/at_download/fi
le

Please read them for details.

Analysis notes supporting LOI 

http://www.ilcild.org/documents/ild-loi-material/tau090316.pdf/at_download/file
http://www.ilcild.org/documents/ild-loi-material/tau090316.pdf/at_download/file
http://www.ilcild.org/documents/ild-loi-material/point5_090319_2.pdf/at_download/file
http://www.ilcild.org/documents/ild-loi-material/point5_090319_2.pdf/at_download/file
http://www.ilcild.org/documents/ild-loi-material/point5_090319_2.pdf/at_download/file
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Tau-pair analysis
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[Observables]  
P(e-)=80%, P(e+)=30%, 500 fb-1

• σ, AFB (bg suppression)
• Polarization P(τ)

↑Decay angle determination

Tau-pair process

σ=2600 fb-1 (e-
Le+

R) σ=2000 fb-1 (e-

Re+
L)

radiative events: ~70%

Difficulty on decay analysis
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Data Samples
• Signal events (tau-pair)

– 500 fb-1 tau-pair events generated in DESY
• Correct polarization treatment
• 100% left/right e-/e+ samples.

Event weighting applied for 80/30 polarization.

• SM events (mass production, ~10M events)
– 20-50 fb-1 ee->2/4/6-jet(+lepton) events
– 0.1 fb-1 γγ/eγ events
– Preselected Bhabha events (~1 fb-1)

• Back-to-back (opening angle > 165 deg)
• |cos(θ)| < 0.92

• All ILD_00 geometry
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BG suppression
BG suppression cuts

• # Track <=6
• 1(+)+1(-) clusters
• Opening angle >178 deg
• |cosθ|τ < 0.9

• < 2 electrons, < 2 muons
• 40 < Evis < 450 GeV
• 30 < MaxE(τ) < 240 GeV

Purity ~ 90% (almost bg free)
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σ: 0.33% (e-
Le+

R), 0.37% (e-
Re+

L) stat. error
(count based)

AFB: 51.64 ± 0.29% (e-
Le+

R), 44.18 ± 0.37% (e-
Re+

L)

σ, AFB

Green: γγ->ττ, more events will be processed.
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• Leptonic (35.3% in total)
– 「Lepton ID」(high eff.)
– P=0.22 (lost power by 2 νs)

• Pinu decay (10.8%)
– 「only one π±」(simplest)
– P=0.58 (full)

• Rhonu decay (23.7%)
– 「one π±+2γ」 P=0.49 (almost full)

• A1nu decay (12.9%)
– 「one π±+4γ」or「three π±」(each 50%)
– P=0.45, 3-prong is useful.

Decay modes in Apol analysis

Branching ratio of tau

e
17.9%

mu
17.4%

pi
10.8%

rho
23.7%

a1
12.9%

misc
17.3%

5 major decay modes

Minimize stat. 
error by 

combining 
decay modes

P = Sensitivity
M.Davier et al., PLB306 411 (1993)
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• Pure-leptonic decay – lepton ID
• Hadronic decay – composite selection

– # prongs, # neutrals
– Lepton veto
– Invariant mass (ρ = 0.77 GeV,  a1 = 1.26 GeV)

Mode selection

Quite complicate cuts:
Details are in backup slides.
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• > 65% efficiency and purity are obtained.
– Not yet for a1nu 1-prong mode

• Two issues:
– Lepton ID is degraded in current samples
– More # of neutrals in PFOs

• Especially in high energy pions
• Pandora is mainly for jets, not for single energetic pion

Mode selection – efficiency & purity
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Apol calculation (πν mode)left right

MC truth with 
minimal cuts

Reco dist
with 

all cuts
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Apol calculation (πν mode) (cont.)

±

±

Efficiency of
cut + reco

(By comparison
to MC dist.)

Corrected 
distribution
(80% left e-)

Corrected 
distribution
(80% right e-)
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• Sensitivity: relative value expressing
statistical power/event for each process.

• Pinu: 1.5% stat. error (previous plots)
• Analyzing power is 4.5 times larger if using all modes

→Total stat. error estimation = 0.7%
• Dedicated analysis of every decay mode

are in preparation.

Estimation using analyzing power
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• Backgroud is almost negligible.
• Excellent σ and AFB resolution.
• > 65% purity / efficiency are obtained

for polarization analysis of leptonic, pinu, 
rhonu and a1nu(3-prong) mode.

• Polarization resolution of pinu mode is 1.5%, 
which can be extrapolated to 0.7% error by 
combining all modes.
– Dedicated analysis on rhonu, a1nu and leptonic 

mode are in preparation.

Summary for Tau
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SUSY point5



Taikan Suehara et al., TILC09 in Tsukuba, 2009/04/18  page 16

• Analysis key: W/Z separation in 4j environment
• Observables

– Cross section of chargino and neutralino: 1D/2D fit
– SUSY mass determination

SUSY chi1/ne2-pair process
SUSY parameters:
m0 = 206 GeV, m1/2 = 293 GeV,
tan β = 10, A  = 0, μ = 375 GeV

m(χ±
1) = 216.5 GeV, m(χ0

2) = 216.7 GeV
m(χ0

1) = 115.7 GeV, Others heavy

σ(e+e- →χ+
1χ-

1) = 132.2 fb
σ(e+e- →χ0

2χ0
2) = 23.3 fb

Degenerate

100 GeV diff.: decays W/Z + LSP
(>95%)

5.7 times
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• SUSY point5 signal events
generated with whizard (worked by DESY)
– 500 fb-1 all-SUSY processes in point5
– Another 500 fb-1 χ±/χ0 signal events for template
NOTE: mW = 79.8 GeV due to whizard’s problem

• SM events (mass production, ~10M events)
– 20-50 fb-1 ee->2/4/6-jet(+lepton) events
– 0.1 fb-1 γγ/eγ events
– Additional 500 fb-1 γγ -> WW events

• All ILD_00 geometry

Data Samples
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Cuts for SM suppression

• 4-jet clustering (Durham)
• # Track >= 20
• 100 < Evis < 300 GeV
• each Ejet > 5GeV
• |cosθ|jet < 0.99

“qqqq + missing”

Loose cut
(efficiency ~ 90%)

• unlike 3jet (yth,3 > 0.001)
• each jet has >= 2tracks
• |cosθ|miss < 0.99
• no > 25 GeV leptons

BG suppression cuts
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• MarlinKinFit processor
– (Essential) free parameters: Energy and opening angle 

for each jet(-pair)… NDF=6
– Constraints:

• Two di-jet masses are the same – 1C fit
• Two di-jet masses are mW / mZ – 2C fit (W/Z)

– Implemented in Desy (J.List et al) and shared
• Jet pairing

– All pair
–

– Best kinematic fit 

Kinematic fit & Jet pairing

Obs. KinFit Pairing

σ(1D fit) 1C KinFit

σ(2D fit) No All

mass 2C χ2 / KinFit
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• Additional cuts
• 1C kinematic fit
• Pairing selection by the 

kinematic fit
gives good separation of 

W/Z peaks.

Cross section – 1D fit (1)
Additional cuts

Mass spectrum

By J. List (DESY) 
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Cross section fitting procedure:
• SM background

2nd polynomial fitting separately
• SUSY + SM

– Gaussian + BW for each W/Z
– Width and center value fixed, 

normalization is the only free 
parameters

– SM 2nd polynomial fixed
Fit result (σ resolution):

0.95% for χ±, 2.9% for χ0
2.

Resolution is a little worse, but
less MC info required than 2D fit.

Cross section – 1D fit (2)
By J. List (DESY) 
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1. Make di-jet-mass-pair distribution.
2. SM background is subtracted 

considering statistical fluctuation.
3. χ± and χ0 distributions are created from 

independent samples (templates).
4. Fit normalization factor for templates.

Cross section – 2D fit

↑all events↓χ± template

← χ0 template

↑SM background ↑Fit result

χ±: 0.64% resolution
χ0  : 2.1% resolution

Procedure
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W/Z separation for mass fit

Chargino selection (no SM) Neutralino selection (no SM)
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Procedure

Mass fit procedures

1. 2C Kinematic fit
after W/Z separation

→upper plots
2. SM background parametrization

2nd polynomial x Gaussian
→left plot
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Mass fit procedures (2)

Procedure (cont.)
3. Create SM distribution by toy-MC.
4. SUSY+SM fit (8 free param.)

Convolution of 2nd pol. & Voigt func. + SM(fixed)
integration range of convolution represents edges.

5. Mass calculation by kinematics.
W low edge is just at mW (no info for masses).
Other 3 edges are used for the calculation.

1C fit
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• All SUSY masses are float at the fit.
Correlation between SUSY masses is included.

• Edge positions are only used for mass determination.
– Cross section dependence on SUSY masses is not used 

because it should have model uncertainty.
– 2nd pol and Voigt width are also not fixed.

• Error on χ± mass is large.
– Since W low edge cannot be used, LSP mass error on χ0

2
fit is propagated to χ± mass error.

Result and comments for the fit
m(χ±

1) = 221.7 ± 2.4 GeV
m(χ0

2) = 219.9 ± 0.9 GeV
m(χ0

1) = 118.5 ± 0.8 GeV

Gaugino masses
W low: 0.07 GeV, W high: 0.62 GeV
Z low: 0.23 GeV, Z high: 0.71 GeV

Edge position resolution
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• ILD has sufficient power to separate 
chargino/neutralino events in point5 SUSY.

• < 1% (χ±) and 2-3% (χ0
2) pair production 

cross section resolution is obtained.
• With 2C kinematic fit, < 1 GeV (χ0

2) and 2.4 
GeV (χ±) mass resolution is obtained.

• Although mass fit includes some 
conservative assumptions, it should be a 
good first estimate of real analyses.
– Of course having a room to improve analysis…

Summary for SUSY-point5
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The end
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Backup - Tau
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Cut plots
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Mode selection (1)
Leptonic mode

Pinu mode
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Mode selection (2)
Rhonu mode



Taikan Suehara et al., TILC09 in Tsukuba, 2009/04/18  page 33

Mode selection (3)
A1 mode (3prong)
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Backup – SUSYp5
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Cut plots(1)
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Cut plots(2)
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Cut statistics
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