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Outline
● Motivation: 

– Majority of physics Events & Measurements; 

– Comparative advantage of ee collider @ HEF. 
● BMR

● Jet: energy scale & resolution

● Jet flavor tagging

● Jet charge measurement

● CSI : Color Singlet identification

● Physics benchmark: H→bb, cc, gg & V_cb from W decay

● Discussion & Perspective
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BMR
● Relative mass resolution of particles decay into

hadronic final state: quantified with vvH, H→gg
● Higgs measurement require BMR < 4%; 
● Flavor & NP: much more demanding
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@ Baseline

=+
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PFA Fast simulation

Fast simulation reproduces the full simulation results, factorize/quantifies different 
impacts 

YX. Wang

To be updated!
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HCAL using high density scintillating
glass

● Performance improves almost linearly at lower energy threshold, and larger
sampling fraction

D. Du
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HCAL @ BMR

● ...Yet, a lot more to be understood

P. Hu & YX. Wang
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Individual Jet

Remark - BMR dosen't depend on Jet
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Jet clustering - matching

Jet Clustering & Matching is critical: 
ee-kt is used as CEPC baseline

Relative difference between Gen/Recojet
is define to be the detector jet response

Jet: lots of ambiguities & large theoretical uncertainty... not ideal, but works
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Energy response

Jet Energy Response: 2.5 – 4 times better than LHC in the same Pt range, 
Jet Energy Scale: 3 times better before sophisticated calibration
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W-mass direct reconstruction at 240
GeV. Challenge & interesting

● W mass measurement at 240 GeV: 

– Statistic uncertainty @ 20 iab~ 
● 0.3 MeV using only μvqq final state
● Bias ~ 2.5 MeV once Z mass calibrated

to known value

– Ultimate accuracy?
● Can we better control the systematic

using the differential information?
● Control the jet confusion?...
● Identify & tame ISR? 
● Better calibrate?
● Can we maintain sufficient stability over

7/10 years? ... 

1E7 events @ 5.6 iab

Quasi analysis: JES calibrated to
pure ISR return qq sample
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Jet Flavor

Is a jet fragmented from
 

b, c, light (gluon or uds) →

b, c, light, gluon, s?
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Flavor Tagging

● LCFIPlus Package

● Typical Performance at
Z pole sample: 

– B-tagging: 
eff/purity = 80%/90%

– C-tagging: 
eff/purity = 60%/60%

● Geometry Dependence
of the Performance
evaluated

https://agenda.linearcollider.org/event/7645/contributions/40124/
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Flavor tagging V.S VTX geometry
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Jet Charge 

b or b-bar? c or c-bar?

Essential for CKM measurements with neutral hadron oscillations. 
enable differential measurements that depends on quark charge

Far future: might be well extended & combine with Jet Flavor
tagging → to identify the species & charge of quark/gluon that

induces a jet
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Effective tagging power

● Tagging power = efficiency * (1 – 2*omega)^2

● Omega ~ chance of mis-id, value between 0 – 0.5. 

● To 1st order, accuracy ~ 1/sqrt(N*tagging power).

● Tagging power highly sensitive to mis-id chance. 

● Many method to measure Jet Charge: VTX charge, weighted
sum, jet lepton/kaon, 2nd leading kaon, ...  
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Result @ Truth level
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Color Singlet Identification
(~Grouping)

How to find all the final state particles generated
from one boson decay, in a full hadronic

WW/ZZ/ZH events? 

Jet clustering + matching, or goes beyond?
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Full hadronic WW-ZZ separation

WW
● Low energy jets! (20 – 120 GeV)
● Typical multiplicity ~ o(100)
● WW-ZZ Separation: determined by

– Intrinsic boson mass/width

– Jet confusion from color single reconstruction – jet clustering & pairing 

– Detector response
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Jet confusion: the leading term

● Separation be characterized by

● Final state/MC particles are clustered into Reco/Genjet
with ee-kt, and paired according to chi2

● WW-ZZ Separation at the inclusive sample: 

– Intrinsic boson mass/width - lower limit: Overlapping ratio of 13%

– + Jet confusion – Genjet: Overlapping ratio of 53%

– + Detector response – Recojet: Overlapping ratio of 58%
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Reconstructed mass of the two di-jet system

Equal mass condition |M12 – M34| < 10 GeV:  At the cost of half the statistic, 

the overlapping ratio can be reduced from 58%/53% to 40%/27% for the Reco/Genjet
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Physics benchmarks
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H→bb, cc, gg
● Core physics measurements, excellent benchmarks for BMR, Flavor

Tagging & CSI

● Tactic

– Analysis

● Concentrate Higgs to di jet event using Cut Chain + BDT
● Using Flavor Tagging to disentangle different decay modes,

and extract/resolve the relevant signal strengths
– Optimization

● Modeling the different Flavor tagging performance using
interpolation method, and resolve the corresponding
accuracies
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Impact of Flavor tagging

● Compared to baseline, perfect Flavor tagging improves the accuracy by
2%/63%/13% for vvH and 35%/120%/180% for qqH channels (bb, cc, gg) 

Perfect Worst
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Impact of CSI

● If we find an observable that evaluates the performance
of CSI – and eventually veto events with bad CSI, we
can improve the accuracy on H->bb, cc, gg by ~ 2 times
at qqH channel. 

● Need profound understanding of QCD picture, and
developments of new tools
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Vcb from W decay
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● Percentage level accuracy on Vcb anticipated; using only muvqq events at
5.6 iab. Can be improved by 3-4 times... if using 20 iab and all leptonic
channels, plus better analysis method 

● Compared to baseline... ideal FT improves the accuracy by 2.5 times

Impact of Flavor tagging

PDG Now

PDG Now
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New design of the VTX system

Beam pipe radius reduced from ~15 mm to 9 mm, and put the first silicon layer inside the
beam pipe!

Innovative reconstruction algorithm shall also be emphasized, to achieve a better performance
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Summary
● Hadronic system: vital for electron positron Higgs factory, explored with intensive

simulation-detector studies

● Future Focus: Via detector optimization & reco algorithm development

– BMR ~ 3% (current 3.8%): improves differential Jet measurements as well

● Full detector optimization + Arbor, etc

– Flavor tagging: Tri_M improved to 2.5 (2.5) 

● VTX optimization + algorithm development

– Jet Charge: secure b/c tagging power 20%/40% 

● Detector with good Pid & low Pt threshold, etc

– CSI: Enhance qqH signal strength accuracy by ~ 25%?

● QCD studies... especially on the fragmentation & event topology description, etc

● Open questions to theorists: 

– New Physics search, etc: How can we use better current/prospected performance?

– New observables can be measure from Hadronic System?

– Lots of excitement ahead... Many Thanks!
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References
● BMR

– 3.8% achieved at baseline + Arbor, meet BMR < 4% Manqi, EPJC, 2018

– Informative decomposition (Yuexin, thesis) + update (Yuexin, to be submit)

– To pursue BMR of 3% 

● 3.3% achieved (Peng Hu, Yuexin, etc, to be submit to NIMA)
● Jet, an conventional, but not perfect method to describe hadronic event...

– Energy Scale & resolution: ~3 times better than LHC, differential relationship
quantified, W boson mass ~ 1 MeV Peizhu, JINST, 2021

– Charge: Innovative method developed, achieves decent, possibly the best effective
tagging power (~20%/40% for b/c-jets) (Hanhua, to be submit)

● Dependence on key performance (Pt threshold, Pid, ...) to be quantified

– Flavor tagging: 

● Performance dependence on VTX geometry Zhigang, JINST, 2018
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References
● CSI: bottleneck for physics measurement with full hadronic final state

– Concept arises: Yongfeng, EPJC, 2019

– Extremely challenge. A small task force formed...

● Physics benchmarks

– Vcb mesurement: Flavor tragging, Lianghao, to be submit

– H→bb, cc, gg: BMR + Flavor Tagging + CSI, Yongfeng, JHEP, 2022

– WW/ZZ separation: CSI + BMR, Yongfeng, EPJC, 2019

– Bs→Phi vv: BMR + Pid, Yudong, RPD, 2022

– H→tautau: BMR, Dan, EPJC, 2020

– H→invisible: BMR, Hangyu, CPC, 2020

– Higgs white paper: Everything, Everyone, CPC, 2019

– Higgs Snowmass whitepaper ArXiv, 2023
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Backup
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V.S. Acceptance

● 8.1 Degree ~ 0.14 rad

● Radius at endcap: 0.34 m 
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Update: impact of Pid

● Ebias = E_truth – E_reco

● Perfect Pid will improve BMR by 1-2%
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WCJC @ c jet

Very demanding on energy threshold... 
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Combine...
● Naive case: non correlated two observer

– O1, omega = 0.3, eff = 1, Tagging
Power ~ 16%

– O2, omega = 0.2, eff = 1, Tagging
Power ~ 36%

● Since Tagging power depends stronger on
omega rather than efficiency, we can select
only event with consistent O1 & O2

– Efficiency drops to

● 0.7*0.8 + 0.2*0.3 = 62%

– Omega: 

● 0.2*0.3/(0.7*0.8 + 0.2*0.3) = 6/62 

– Tagging Power ~ 40.3% Right

Right

Wrong

Wrong0.7

0.8
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vvH, H→bb, cc, gg

Thanks to BMR ~ 3.8%!
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Flavor tagging @ vvH
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qqH, H→bb, cc, gg

Relative accuracies on signal strength: 0.35%/7.7%/4.0%, for bb/cc/gg respectively.
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Interpolation

● Compared to baseline, perfect Flavor tagging improves the accuracy by
2%/63%/13% for vvH and 35%/120%/180% for qqH channels (bb, cc, gg) 

Perfect Worst
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Perspective to the far future

● If we put the VTX inside the
beam pipe: 

– the material & radius
halves from Aggressive
scenario... 

– a much better polar angle
coverage...

● Much intelligent algorithm...
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CSI: impact on H→bb, cc, gg

● If we find an observable that evaluates the performance
of CSI – and eventually veto events with bad CSI, we
can improve the accuracy on H->bb, cc, gg by ~ 2 times
at qqH channel. 

● Many ppl interested in: Yongfeng Zhu, Huaxing Zhu,
Meng Xiao, Chen Zhou, MQ, ... New ideas under test

● Physics Picture, then goes to sophisticated tools. 
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Vcb from W decay
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Flavor tagging V.S VTX geometry
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Sum: relative - 4E-3

Sum: relative - 2%
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Discussion on Jet charge
● We propose LPJC, a robust method that

– Provide slightly worse tagging power compared to WCJC (reference method)

– Significantly enhance the performance once combined with WCJC

● c-jet with Eff. Tagging power ~ 37%, best of the world?
● LPJC, Preserve the physics information – strongly depends on the 

– Hadron species that quark fragmented into

– Final state that Heavy Hadron decays into

– Num. results depends slightly on fragmentation models (Generator type)

● Dependency to the detector performance yet to be quantified. But LPJC & WCJC
relies on different performance & highly complementary

– Both need good acceptance & resolution.

– LPJC: Pid!!!

– WCJC: Momentum threshold 

● Plan to submit soon. 
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From Baseline to 4th

→

● Tracker: TPC + Silicon → Drift Chamber + Silicon

● ECAL: Si+W → Xstal

● HCAL: GRPC + Iron → Glass + Iron

● Solenoid: Outside HCAL → Between ECAL & HCAL
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HCAL

● In an ideal case - ideal Geometry ~ semi infinite... 

● HCAL resolution significantly w.r.t. Baseline, at single particle level 

D. Du



12/1/2023 HKIAS HEP 2023 58

Single Particle @ GS HCAL

● Performance improves almost linearly at lower energy threshold, and larger
sampling fraction

D. Du
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HCAL @ BMR

● Fits well with the model...
● Yet, a lot more to be understood

P. Hu & YX. Wang
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Tracker: tracking & Pid

● BMR insensitive to Tracker unless tracker is bad

– Pid & Lower the threshold shall leads to small improve, by correcting hadron mass

● Baseline set a good reference. Move toward better realizability & performance

● Performance – show the differential one!

– Momentum resolution ~ 0.1%

– Threshold ~ 0.1 MeV or lower & Larger Solid Angle Coverage!

– dEdx or dNdx, if provided, better than 3% in barrel region for GeV level hadron (PS, very doubt for
an DC inner radius of 600 mm... or larger)
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