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Introduction
•Unique role of the top quark for ILC studies
‣ Top mass is by far the largest and approximates the electroweak (EW) 

symmetry breaking scale.

‣ Suggests top couples strongly to the physics that breaks the EW symmetry.

‣ Important to investigate properties of the top in detail, for the purpose of 
probing the symmetry breaking physics as well as to gain deeper 
understanding of the origin of the flavor structure.

•Our approach to top related MC simulation studies...
‣ Focus on CMS = 500GeV

‣ From the viewpoint of a detector benchmarking study:

- How well can we reconstruct the top-antitop events using realistic detector 
model & reconstruction software (method)?

‣ From the viewpoint of a physics feasibility study:

- To estimate sensitivity of the top quark Yukawa coupling with ttH channel 
at the ILC earlier phase.
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Contents of this talk
•Analysis status (sorry, not results!) for both detector 
benchmarking and physics feasibility MC studies...

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

Aiming for ILD-LOI as our initial goal

Process e+e- -> tt -> 6jets e+e- -> ttH (H->bb) -> L + 6jets

Target Δmtop(3j), AFB (LOI benchmarking) ΔgttH/gttH

Generator WHIZARD 1.40 HELAS + BASES/SPRING
w/ QCD threshold enhance corr.

Parton shower / 
Fragmentation PYTHIA PYTHIA

Simulator
+

Reconstruction

Jupiter (G4 based Full-simulator)
MarlinReco (Digitizer + Tracking/Clustering)

High performance PFA (PandoraPFA)
High performance flavor tagging (LCFIVertex)

JSFQuickSim (Smearing based Fast-sim)
Track-cluster matching

Cheated jet finder
Ordinary b-tagging (Nsig method)

This talk
(current status)

-Δmtop(3j) comparison between 3 detector 
geometries

- Effect of QCD corr. & beam polarization for 
the signal cross section
- Signal selection & BG (ttZ & tt) rejection

Problems
& Next step

-Double b-tagging under 6jets environment
-Kinematical fit to improve 3-jets mass resol.
- Vertex charge measurement

-Evaluation of ttg -> ttbb BG
-Find cut value to Improve S/B
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A benchmark process: e+e- -> ttbar
•The common LoI benchmarking
‣ …The evaluation of the detector performance should be based on physics 

benchmarks, some of which will be the same for all LOIs based upon an 
agreed upon list and some which may be chosen to emphasize the particular 
strengths of the proposed detector… (from “Guideline for the definition of a 
Letter of Intent …”)

‣ WWS Software panel in consultation with the detector concepts and the 
WWS Roadmap panel and starting from the Benchmark Panel Report has 
drafted a short list of processes

•e+e- -> ttbar: one of the common LoI benchmarking 
processes
‣ CMS: 500GeV

‣ Observables: σtt, mtop, AFB

‣ Decay mode: 6-jets mode (t->bW, W->qq’)

‣ Comments from WWS: Test b-tagging and PFA in multi-jet events 
(mtop=175GeV)

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Observables & analysis strategy
•σtt measurement

‣ counting signal events => Based on hemisphere analysis (not 
necessary to full reconstruction of ttbar events)

‣ Need realistic BG study w/ full SM background samples

•mtop measurement @500GeV (open top region)

‣ 3-jets mass: top and anti-top full reconstruction w/ correct jet 
association => Double b-tagging is powerful tool

•AFB measurement w/ 6-jets mode

‣ Need to know charge of a jet (at least one jet) => Vertex charge 
information (to reconstruct the vertex charge it is necessary to find all 
stable tracks from the B-decay chain: charged B-hadrons ~ 40% of the 
b-jets) Should be next step!

Current
target!

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Common input: SLAC SM data samples

•All analyses used in the context of the detector 
optimization and LoI process need an inclusive sample of 
the SM Background
‣ SLAC team produced a 2nd generation of a complete SM sample for 500fb-1 at all 4 

polarization combinations (The WHIZARD Monte Carlo version 1.40 is used for parton 
generation)

‣ Whizard input controls the properties of the colliding electron/positron beams. the 
spectrum (corresponds to the Guinea-Pig data) represents the default ILC design for 
Ecm=500GeV circa Aug. 2005, and includes both incoming LINAC energy spread and 
beamstrahlung

‣ For each event in a derived StdHep file the variable IDRUPLH from the common block 
HEPEV4 is used to identify the process

‣ PYTHIA 6.205 is used for final state QED/QCD parton showering and for the 
fragmentation of quarks and gluons. Parton showering is performed for all final state 
fermions with the exception of electrons (no top quarks appears in process_id)

•ttbar->6-jets samples are included in 6-fermion SM 
samples

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Analysis framework
Geant4 full detector sim

Physics analysis

Jupiter on JSF
(no SET, ETD)

M@RS on JSF

MarlinReco
PandoraPFA

LCFIVertex

Digitization

Tracking

Particle flow analysis

Vertexing (Flavour tag)

Forced jet clustering

Marlin
-MaterialDB
-TPCDigiProcessor
-VTXDigiProcessor
-FTDDigiProcessor

-LEPTrackingProcessor
-SiliconTracking
-FullLDCTracking

-SimpleCaloDigi
-PandoraPFAProcessor
-SatoruJetFinderProcessor

-TrueAngularJetFlavourProcessor
-IPRPCutProcessor
-PerEventIPFitterProcessor
-ZVRESRPCutProcessor
-ZVTOP_ZVRES
-FTRPCutProcessor
-FlavourTagInputsProcessor
-FlavourTag
-BVertexChargeProcessor
-CVertexChargeProcessor

-LCIOOutputProcessor

LCIO

LCIO

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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3 detector geometries: B&R

GLD
B = 3 Tesla
Rmin (ECAL) = 210cm

GLDPrim
B = 3.5 Tesla
Rmin (ECAL) = 185cm

J4LDC
B = 4 Tesla
Rmin (ECAL) = 160cm

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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ttbar -> 6jets reconstruction
I) Force 6-jets clustering

II) Confirm Max_cosθjet should be less than 0.99

III) Choose all the 15-possible pairs out of 6-jets => 
W1 candidate

IV) Choose all the 6-possible paris out of remaining 
4-jets => W2 candidate

V)  Remaining 2-jets should be b-jets: flavor tagging 
(charm/bottom tagging) is very important to 
eliminate both combinatorial and process BGs

VI) There are 2 possibilities to attach a b-jet to W1 
and W2 candidates

VII) Store all solutions w/ χ2 = (mw1 - mw)2/σ2mw + 
(mw2 - mw)2/σ2mw + (mt1 - mt)2/σ2mt + (mt2 - mt)2/
σ2mt

VIII) Sort solutions according to χ2: choose the best 
solution

Force 6-jets

clustering

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Distribution w/ particle flow objects
•Before force 6-jets clustering is performed
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Distribution for jets
•After force 6-jets clustering is performed

Jet energy [GeV]
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b-tag and c-tag value (LCFIVertex)
•After force 6-jets clustering is performed

likelihood
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b-tagging using b-tag value
•Double b-tagging efficiency: worse than expected

likelihood
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W1 & W2 reconst w/ double b-tagging

Force 6-jets

clustering
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GLDprim

•Loose di-jet mass window cut (±20GeV)
•Double b-tagging (b-tag value > 0.8)
  => ~half of ttbar events were lost...

I) Choose all the 15-possible pairs out of 6-jets => W1 
candidate

II) Choose all the 6-possible paris out of remaining 4-jets 
=> W2 candidate

III) Remaining 2-jets should be b-jets: flavor tagging 
(charm/bottom tagging) is very important to eliminate 
both combinatorial and process BGs

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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t1 & t2 reconst w/ double b-tagging

Force 6-jets

clustering
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GLDprim

I) After double b-tagging, there are 
2 possibilities to attach a b-jet to 
W1 and W2 candidates

II) Sort solutions according to χ2: 
choose the best solution

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Mt1 & Mt2 for the best solution
•3-jets mass resolution (t1 & t2 for the best solution)

Mean    169.4

RMS     17.76

Integral     590

 [GeV]t1(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

5

10

15

20

25

30

35

40

45

Mean    169.4

RMS     17.76

Integral     590

Mean    169.4

RMS     17.76

Integral     590

1st top best solution

Mean    169.6

RMS     17.83

Integral     591

 [GeV]t2(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

5

10

15

20

25

30

35

40

45

Mean    169.6

RMS     17.83

Integral     591

Mean    169.6

RMS     17.83

Integral     591

2nd top best solution

Mean    170.8

RMS     15.84

Integral     602

 [GeV]t1(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

10

20

30

40

50

Mean    170.8

RMS     15.84

Integral     602

Mean    170.8

RMS     15.84

Integral     602

1st top best solution

Mean    168.6

RMS      17.3

Integral     603

 [GeV]t2(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

5

10

15

20

25

30

35

40

Mean    168.6

RMS      17.3

Integral     603

Mean    168.6

RMS      17.3

Integral     603

2nd top best solution

Mean    171.8

RMS     17.16

Integral     636

 [GeV]t1(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

10

20

30

40

50

Mean    171.8

RMS     17.16

Integral     636

Mean    171.8

RMS     17.16

Integral     636

1st top best solution

Mean    169.3

RMS     16.76

Integral     636

 [GeV]t2(jjj)m

120 140 160 180 200 220

E
n

tr
ie

s 
/ 

2
G

eV

0

10

20

30

40

50

Mean    169.3

RMS     16.76

Integral     636

Mean    169.3

RMS     16.76

Integral     636

2nd top best solution

ttbar mediated 
bbuddu samples GLD GLDprim J4LDC

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
16



MW1 & MW2 for the best solution
•Di-jets mass resolution (W1 & W2 for the best solution)
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Summary / Plan
•Toward writing up the ILD-LoI:
- e+e- -> ttbar @CMS 500GeV is one of the common LoI benchmarking 
process

‣ 6-jets mode (t->bW, W->qq’) should be analyzed to test b-tagging 
and PFA in multi-jet events

- mtop(3jet) measurement for 3 different detector geometries

- No significant differences for fully reconstructed ttbar events (mt1, 
mt2, mW1 & mW2)

- LCFIVertex performance under 6-jets environment is worse than 
expected

‣ Problem on NN training and/or forced jet clustering??

•Next step:
- Deeper understanding of LCFIVertex under multi-jet environment (also 
Vertex charge measurement)

- Check jet-parton association to solve our problem
Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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ttH: Effects of QCD corr. & beam pol.
• NLO + Threshold effect of tt system + e+ polarization enhance the σ(e+e- -> ttH)

• Signal generator w/ tt-system threshold enhancement was implemented (in our 
HELAS + BASES/SPRING framework)

• If MH >140GeV, it will be difficult to measure                                                  
gttH around Ecm~500GeV

• Cross section is calculated as a function of Ecm                                              
for different beam pol. combination                                                                
w/ MH=120GeV and Mt=170.9GeV

• σ= 1.2 fb for P=(-0.8, 0.6) and Ecm=500GeV

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

e+e- -> ttH

Unpolarized
ISR + Beamstrahlung
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e+e- -> ttH event display
•Dense 8-fermion (H->bb) & 10-fermion (H->WW*) events

•Challenging for correct reconstruction (jet-association)

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

ttH -> (bW)(bW)(bb) -> (bud)(blν)(bb) ttH -> (bW)(bW)(bb) -> (bcs)(bcs)(bb)

Lepton + 6-jets mode 8-jets mode
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Possible BGs for ttH -> Lepton + 6-jets

•Same final state w/ high jet multiplicity

- ttZ (Z->bb): ~1.4fb (comparable to signal) need m2j cut

- ttbb (g->bb dominant): need to evaluate cross section

- ttWW & ttZZ: less than 1fb (should be negligible)

•Large cross section mode

- tt ~700fb: need realistic simulation

- qq (5 flavors): negligible 

- WW: negligible w/ b-tagging

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

no-gluon
ttbb
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e+e- -> ttH -> lepton + 6-jets signature

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

★an isolated lepton

★ jet pairs which can reconstruct W-mass, H-mass and top-mass

The candidate event is expected to have ...

★more than 2 b-jets (possibly 4 b-jets)

(from q qbar)

t̄

Z/γ

e−

e+

W+

νl

q̄U

qD

energetic neutrino

isolated lepton

difficult to reconstruct correctly 
because of energetic neutrino

(from b bbar)

W−

t
H

l̄

b̄

b
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ttH (lepton + 6-jets) event selection (1)

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Black : leptons from W1
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※I rejected the events which include the leptons from H.

Cut Boundary

Isolated lepton 
candidates

2D Plot ( Lepton Energy : Cone Energy)

To get isolated leptons, I checked generator information.
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After Econe Cut

※generator data
(only TTH l+6jet mode events)

1. Select l+6jets mode from TTH events by using generator information
2. Make plot separately (from jets and from W1)
3. Set Cut-Boundary for finding isolated lepton candidates

# of isolated lepton / events

Study about finding isolated lepton

R. Yonamine

23



ttH (lepton + 6-jets) event selection (2)

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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χ2 =
(

MW −MW.ref

σMW

)2

+
(

Mt −Mt.ref

σMt

)2

+
(

MH −MH.ref

σMH

)2

Mass-Reconstruction Result

Correct jet clustering 
&

|m_jj - m_W,H| <= 20

|m_3j - m_t| <= 25

Require Hcand(2jets) -> bb
(Double b-tagging)

W top H,Z

W top H,Zmin jet associationχ2

R. Yonamine
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Event selection: cut statistics

Katsumasa Ikematsu (KEK) / LCWS08 @UIC

R. Yonamine

TTH TTZ TT

No Cut

Nisolated-lepton = 1

Njets>=6 w/ 
Ycut=0.0005

Mass cut &
Double-b-tagging

Selection eff

870 1360 726000

306 443 247200

306 441 237750

39 8 15

4.5% 0.6% 0.002%
Very very preliminary

•Possible to eliminate ttZ & tt BGs
•Need to improve signal selection (max ~30evt @1ab-1)
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Summary / Plan
•To estimate sensitivity of the top quark Yukawa coupling 
with ttH channel at the ILC earlier phase:
- Signal generator w/ tt-system threshold enhancement was 
implemented

‣ NLO + Threshold effect of tt system + e+ polarization enhance the  
σ(e+e- -> ttH)

‣ σ= 1.2 fb for P=(-0.8, 0.6) and Ecm=500GeV

- ttH (lepton + 6-jets) and BGs event analysis using Fast-simulator

‣ Still tuning phase but reasonably expected to eliminate ttZ & tt BGs 
w/ jet-invariant-mass cut and b-tagging

•Next step:
- Need to evaluate cross section of ttbb (g->bb dominant)

- Need to improve signal selection (max ~30evt @1ab-1)

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Backup slides
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SLAC SM data samples: FAQ
• Whizard 1.40 has no gluon emission by default, leading to potentially incorrect 

multiplicity distributions.

• The WHIZARD version 1.40 that was used to generate this sample indeed did not include 
gluon emission. However gluon radiation was simulated using PYTHIA's parton showering 
algorithm. WHIZARD versions 1.50 and higher include gluon emission, and, starting with 
version 1.91, WHIZARD has its own parton showering code.

• Whizard 1.40 has an incorrect implementation of the CKM matrix. Only diagonal terms of 
the matrix are present (and = 1!), giving wrong W decays.

• Although true for the Whizard version 1.40 that was used to generate this data sample, 
it is extremely doubtful that this will have any effect on the current analyses. WHIZARD 
versions 1.51 and higher include the correct CKM matrix, and so future data samples will 
include the rarer W decays.

• This sample has generator level cuts a la SiD, providing a potential bias when used for 
ILD.

• There are, indeed, some kinematical cuts for processes with divergent cross-sections, 
which can be seen by looking at the whizard.in file as described above. However, the only 
kinematic cut that leads to a genuine loss of events is a 4 GeV minimum invariant mass 
cut on final state fermion-antifermion pairs.

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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SLAC SM data samples (cont’d)

•6-fermion SM samples also contains no ttbar mediated 
events: (e+e- -> bb with γ->WW) and (e+e- -> WW with Z -> bb) 
=> same signature for the ttbar events

•This work: 50fb-1 MC samples focusing on pre-selected 
bbuddu (17766) & bbcssc (17790) => different flavour 
components and low Xsec (limitation for CPUs & disks)

IDRUPLH Process Pol(e-) Pol(e+) Xsec (fb)

17765 bbuddu -1.0 1.0 166.3
17766 bbuddu 1.0 -1.0 66.0

17769 bbudsc -1.0 1.0 164.7

17770 bbudsc 1.0 -1.0 65.7

17785 bbcsdu -1.0 1.0 164.7

17786 bbcsdu 1.0 -1.0 66.0

17789 bbcssc -1.0 1.0 165.1

17790 bbcssc 1.0 -1.0 66.0

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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Run condition for Marlin processors (2)

• Main difference between GLD and LDC comes from CaloDigiProcessors
‣ LDC: LDCCaloDigi + SimpleMuonDigi + SimpleLCalDigi
‣ GLD: SimpleCaloDigi

‣ PandoraPFAProcessor
Tuned calibration factors for 3 different detector geometries (ECALMIPcalibration, 
HCALMIPcalibration, ECALThreshold, HCALThreshold, ECALEMMIPToGeV, 
ECALHadMIPToGeV, HCALEMMIPToGeV, HCALHadMIPToGeV)
<parameter name="ClusterFormationPadsECAL" type="float">2.5 </parameter>

<parameter name="SameLayerPadCutECAL" type="float">2.8 </parameter>

‣ SatoruJetFinder (Only force 6-jets)
<parameter name="Mode" type="string" value="DurhamNJet"/>

<parameter name="NJetRequested" type="int" value="6"/>

‣ Processors for LCFIVertex
follow LDC-DST steering

ECALLayers CalibrECAL HCALLayers CalibrHCAL

GLDapr08 33 24.56 46 27.44

GLDprim 33 24.33 42 27.09

J4LDC 33 23.954 37 28.196

Katsumasa Ikematsu (KEK) / LCWS08 @UIC
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