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Main messages:
• Vts analysis fully redone. Results improved by a lot.
• Can consider as “finalized”, except one issue in bkg MC affect certain categories (mitigated in 

current analysis)

Structure of this presentation:
• Overview of analysis steps
• Results
• (In backup) summary of changes wrt previous version

Outline
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Analysis overview
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Samples (detail in backup)
• Signal: all decay modes of 

• Backgrounds: , Z, WW, ZZ, Higgs, WWZ 

Event selection
• Require exactly 1 s-tagged jet and 1 b-tagged jet

• Further divide into 10 categories based on number of objects: 
, , hadronic , and tagged jets

• dilep_0tau,                dilep_1tau,              dilep_2tau

• semilep_0tau_ud,     semilep_0tau_cs,

• semilep_1tau_ud,     semilep_1tau_cs,

• dihad_ud_only,         dihad_udcs,            dihad_cs_only,

tt̄ → WbWs
tt̄ → WbWb

e μ τ

Samples and selection
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 selection
•  GeV
•

e/μ
pℓ > 20
IsoR<0.5 > 0.25

jet selection
• anti-kt R=0.5
•  GeV
•  GeV
• -score < 0.5
• flavor tag if score > 0.5

EJ > 15
mJ < 50
τ

 selection
• anti-kt R=0.5 jet
•  GeV
•  GeV
• -score > 0.5

τ

EJ > 15
mJ < 5
τ



xunwu.zuo@cern.ch

In bkg  samples, only negatively charged  are generated, 
processes involving positive  are not.

tt̄ → WbWb τ−

τ+

Issue in bkg MC
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Spotted 2 days ago, actions at the moment:
• Exact reason under investigation

• Related to “mtau = 0” (taus are fine in signal samples, where mtau is kept nonzero)
• More samples being generated
• Event weight adjusted account for the missing processes

• Mask all categories involving taus from analysis

With these fixes, 
results in following 
slides should be valid. 

events with 0 tau events with 1 tau events with 2 taus

proper xsec xsec * 2 no event in MC

Example card

https://github.com/HEP-FCC/FCC-config/blob/winter2023/FCCee/Generator/Whizard/v3.0.3/wzp6_ee_SM_tt_tlepTlep_noCKMmix_keepPolInfo_ecm365.sin
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• Table here just for completeness, more discussion in later slides

Event yields
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x axis: truth of decay
y axis: reco selection category

• Each cell shows fraction per column 
(truth), reflecting acceptance and 
reconstruction efficiency
• E.g. (2 leptons) = 75%, (2 jets) = 71%

• Last column is the fraction of diagonal 
yield wrt its row. I.e. the accuracy of reco 
categories.

ϵ ϵ

Signal efficiency
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Overall,
• Tau efficiency lower than expected (to check)

• Good selection accuracy
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• 3 hidden layers (2*#inputs   ->   4*#inputs   ->   8)
• For tt processes (sig and bkg), independent events for training, testing, and 

statistical analysis
• For other bkgs, training and testing events are also used for analysis.
• DNN output used for signal fit

DNN training
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example plots in semilep_0tau_cs category
complete results at https://etpwww.etp.kit.edu/~xzuo/Vts_plots/20250319_2249/ 

https://etpwww.etp.kit.edu/~xzuo/Vts_plots/20250319_2249/
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Results
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• Binned likelihood fit on DNN output with Asimov dataset
• Only take categories without taus. —> Not affected by bkg issue
• Consider 1% bkg norm uncertainty to be the nominal case

• 6.3% relative uncertainty on   ℬ(t → Ws)

Results
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• To get a sense of the precision in tau-related categories
• xsec effect from bkg issue properly mitigated, kinematic effects not necessarily
• Sizable gain from tau-categories

• But not a gamer changer for physics interpretation
• Suggestion: not include taus before new samples are ready

Results
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Measurement of  at 365 GeV
• Analysis fully revised
• Nominal combined precision of 6.3%, and additional gain from tau-categories

For ESPP
• Finish analysis note —> this week
• If new bkg samples in time, rerun and include tau-categories —> next week
• Other interesting comparisons?

After ESPP
• Rerun as a simultaneous measurement of  and 
• More studies on jet clustering and tagging performance
• Publication

ℬ(t → Ws)

ℬ(t → Ws) ℬ(t → Wb)

Conclusions and Next steps
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Backups
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Sample considered
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Bkg: SM t -> Wb samples
• wzp6_ee_SM_tt_tlepTlep_noCKMmix_keepPolInfo_ecm365
• wzp6_ee_SM_tt_thadThad_noCKMmix_keepPolInfo_ecm365
• wzp6_ee_SM_tt_tlepThad_noCKMmix_keepPolInfo_ecm365
• wzp6_ee_SM_tt_thadTlep_noCKMmix_keepPolInfo_ecm365

Sig: SM t -> Ws decay
• wzp6_ee_SM_tt_tWsTWb_tlepTall_ecm365
• wzp6_ee_SM_tt_tWsTWb_tlightTall_ecm365
• wzp6_ee_SM_tt_tWsTWb_theavyTall_ecm365
• wzp6_ee_SM_tt_tWbTWs_tallTlep_ecm365
• wzp6_ee_SM_tt_tWbTWs_tallTlight_ecm365
• wzp6_ee_SM_tt_tWbTWs_tallTheavy_ecm365

Bkg: other SM processes
WW
• p8_ee_WW_ecm365
Z
• p8_ee_Zbb_ecm365
• wzp6_ee_tautau_ecm365
ZZ
• p8_ee_ZZ_ecm365
Higgs
• wzp6_ee_bbH_ecm365
• wzp6_ee_ccH_ecm365
• wzp6_ee_ssH_ecm365
• wzp6_ee_qqH_ecm365
• wzp6_ee_tautauH_ecm365
• wzp6_ee_mumuH_ecm365
• wzp6_ee_eeH_ecm365
• wzp6_ee_nunuH_ecm365
WWZ
• wzp6_ee_WWZ_Zbb_ecm365
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Breakdown of changes
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• Different categorization strategy
• consider  final states

• explicit categories for fully hadronic cases

• “new” version of PNet (tagging performance seems better)

• Updated normalization for samples
• Raw event count for tt samples (~20% higher normalization)

• Total luminosity (2.5 -> 3.0 ab-1)

• Better MVA discriminator
• DNN instead of BDT (big improvement in hadronic channels)

τ

Summary of changes
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In Whizard samples,  
• tt processes are generated with all possible phasespace, and mediator are later defined by 

matching to resonance mass windows

• In about 17% of tt events, not enough generator top or W are found. (Reason to be better 
understood)

• In previous analysis, events without 2 gen tops and 2 gen Ws are filtered out, but still counted  
in the total raw MC events, which are used for event weight calculation.

• In current analysis, these events are kept out for both analysis and event weight calculation 
(effectively 17% larger event yield for tt, both sig and bkg)

tt raw event count
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For tt events
• Normalized to total expected number = 2 million (previously 1.9 million)

For other backgrounds
• Normalized with xsec from sample dict, to total lumi of 3.0 ab-1 (previously 2.5)

Luminosity and normalization
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Event selection
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Event categories
• dilep: exactly 2 leptons, 2 jets

• semilep_ud: exactly 1 leptons, 4 jets (sb+ud)

• semilep_cs: exactly 1 leptons, 4 jets (sb+cs)

• dihad: exactly 0 lepton, 6 jets 

Old

Event categories
• Based on number of leptons ( ), hadronic , and jets

• dilep_0tau, dilep_1tau, dilep_2tau

• semilep_0tau_ud, semilep_0tau_cs,

• semilep_1tau_ud, semilep_1tau_cs,

• dihad_ud_only, dihad_udcs, dihad_cs_only, 

e/μ τ
New

• About 40% of dileptonic events involves 
hadronic  decays

• About 22% of semileptonic events involves 
hadronic  decays

τ

τ

Some categories 
have one-to-one 
correspondence, 
can be compared
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• Signal yields in ballpark agreement
• bkg yields in general became (much) lower

Event yield 
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category dilep semilep_ud semilep_cs dihad

process new old new old new old new old

sig dilep 120.1 101.2 1.17 1.20 0.03 0.09 0 0

sig semi_ud 0 0 263.4 208.7 1.35 2.47 4.5 3.68

sig semi_cs 0 0 34.1 20.2 83.9 90.7 1.8 1.9

sig dihad 0 0 0 0 0 0 332 298

bkg dilep 269.4 536 20.7 220 0.437 44 0.06 0.87

bkg semi 11.9 2.94 2866.3 4205.1 663.5 1571.7 175 794.2

bkg dihad 0 0 19.9 9.45 5.80 3.53 7349 8694

bkg WW+ZZ+ZH 56.6 609.2 188.9 504.7 12.9 158.1 1280 2963.2

bkg Z + WWZ 8.0 - 14.6 - 1.61 - 314 -

Seems new PNet training has 
lower fake s-tag rate (to confirm)
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• Training performance not better than before
• New training is more reliable

• More bkg events, with event weight properly applied
• Tested for overtraining
• Independent events for fits 

Training performance
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AUR dilep semilep_ud semilep_cs
this version 0.937 0.929 0.895
previous analysis 0.964 0.889 0.932


