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Higgs physics at CEPC

Manqi Ruan
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The Higgs field: one of the two pillars of
the SM

Higgs 

Gauge
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Known Unknowns of the SM

● Inflation

● Mass hierarchy 

● Neutrino mass & Oscillation

● Matter anti-matter asymmetry

● Vacuum stabilities: depends on particle mass

● Dark matter, Dark energy: nature & origin of its/their mass 

● Naturalness: EW (Higgs mass) V.S. Planck scale

● ...
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Known Unknowns of the SM

● The Clue: 

● Inflation

● Mass hierarchy 

● Neutrino mass & Oscillation

● Matter anti-matter asymmetry

● Vacuum stabilities: depends on particle mass

● Dark matter, Dark energy: nature & origin of its/their mass

● Naturalness: EW (Higgs mass) V.S. Planck scale 

● ...
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Higgs measurement at e+e- & pp

Yield efficiency Comments

LHC
Run 1: 106 

Run 2/HL: 107-8
~o(10-3)

High Productivity & High background, Relative
Measurements, Limited access to width, exotic ratio,

etc, Direct access to g(ttH), and even g(HHH)

CEPC 106 ~o(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings

e+e- cross sections

Complementary
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Electron Positron Higgs factories

ILC (a): TDR @ 2013 
FCC (b): CDR @ 2019
CEPC (c): CDR @ 2018
CLIC (d): CDR @ 2013
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Yields ~ Xsec * Lumi
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Yields of the CEPC
● Tunnel ~ 100 km， baseline SR Power/beam 30 MW, upgradable to 50 MW

● CEPC (90 – 240 GeV)

– Higgs factory: 4M Higgs boson (10 years, 2 IP, 50 MW)

● Absolute measurements of Higgs boson width and couplings

● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 3 Tera Z boson (2 years, 2 IP, 50 MW), 100 M W boson (1 year)

● Precision test of the SM, measure W boson mass to 1 MeV level via threshold scan

● Rare decay + QCD studies

● Flavor factory: b, c, tau

● QCD studies

● Upgradable to ttbar threshold (360 GeV): 500 k ttbar event (5 years, 2 IP, 50 MW)

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision...
See also: 2205.08553
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Detector & Software
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Z→2 jet, 
H→2 tau

~5%

Z→2 muon, 
H→2 b
~2%

ZH→4 jets
~50% 

Z→2 muon
H→WW*→eevv

~1%
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Higgs Signals 

Reconstructed Higgs Signatures

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

Right corner: di-tau mass distribution at qqH events using collinear approximation 
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Model-independent measurement of σ(ZH)

0.9% 0.65%

● M. McCullough, 1312.3322 

● Recoil mass method. Combined
precision: 
δσ(ZH)/σ(ZH) = 0.5% -
δg(HZZ)/g(HZZ) = 0.25% 

● Indirect Access to g(HHH)

0.9% 1.5%

Zhenxing Chen & Yacine Haddad
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Higgs benchmark analyses
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Higgs BSM Decay modes
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Measuring Higgs width

With 5.6 iab @ 240 GeV
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Physics reach via Higgs at CEPC



22/3/2023 CCAST Higgs WS 17

Hadronic system (jet)
● Core of e+e- Higgs factory Physics measurements

– 97% of CEPC Higgs events are hadronic/semi-
leptonic

● Identify the hadronic system in semi-leptonic events

– lepton identification & missing energy

● 4-momentum measurement of the hadronic system:
BMR: Invariant Mass Resolution

● Jet response: essential for differential measurements

– Color-singlet identification Identify the origin of each
final state particle: Jet Clustering & Matching, or
beyond? 
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BMR < 4% required...

● W, Z, H mass peak separation
● To separate qqH signal from qqX background with recoil mass information
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Confirmed with benchmark analyses
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CEPC Baseline: BMR = 3.75%

@ Hadronically decayed Higgs boson: not sensitive to different modes it decays into 
BMR 3.6 – 3.8% for H->bb, cc, gg, WW*/ZZ*->4 jets
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Improving BMR...

● ...Yet, a lot more to be understood

P. Hu & YX. Wang
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Jets: H→bb, cc, gg
● Core physics measurements, excellent benchmarks for BMR, Flavor

Tagging & Color Singlet Identification

● 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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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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● 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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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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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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Result @ Truth level

At Z pole hadronic event: >7/8 time correct in guessing the charge of b/c jet
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Summary
● Electron Positron Higgs factories: a gigantic boost from LHC

– CEPC: 4 M Higgs, ~100 Million W, 1 Million Top, and 4 Tera Z.

– Higgs precision ~ 1 order of magnitude better compared to HL-LHC.

– Boost the precision on EW by 1-2 orders of magnitudes.

– Lots of opportunities for flavor physics & NP reach of 10 TeV, or higher. 

– Strong physics cases for BSM & QCD.

● CEPC Higgs precision mainly limited by statistic 

– Higher luminosity is essential

– The physics requirement on detector performance is well understood, Significant margin to
improve:

● Detector R&D

● Algorithms

● Theoretical efforts: Uncertainties, Interpretation, Understanding QCD ...

● New methodology...  
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Back up
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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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Vcb from W decay
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Individual jet: 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
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Individual Jet Responses

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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EW

With 2 years of Z pole operation (~ 1 Tera Z) and 1 year of W mass scan (~1E7 W)
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Flavor Physics @ Z pole
● Extremely rich physics & strong competition from Belle-II & LHCb

● Comparative advantages of a Tera-Z

– V.S. BelleII, Access to particles heavier than Bs, large boost

– V.S. LHCb, much lower yields (2 orders of magnitudes) Better
Acceptance, better reconstruction of neutral final state (photon, missing
energy, and even Klong, neutron) and Jet Charge

● Observations

– For CP measurement, a Tera-Z can compete with LHCb @ HL-LHC
thanks to the capability of precise Jet Charge measurements... 

– Brings lots of critical information on measurements with neutral final
states...

– Yet, Pid is essential.  
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Up limit of Br(Z→l
1
l
2
)~o( 1E-9) 
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Higgs white paper delivered
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Timeline
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Performance requirements
● A clear separation of the final state particles

– Better Identify Physics Objects

● Single particle objects: Leptons, photons, Charged hadron, isolated or inside jets
● Composited objects: 

– With two/three final state particles: Pi-0, K-short, Lambda, Phi, Tau, D meson...
– Jets

– Improving the  resolution for composited objects, especially jets

● BMR  (Boson Mass Resolution)

– < 4% for Higgs measurements

– Much demanding for NP tagging & Flavor Physics Measurements

● Pid: Pion & Kaon separation > 3-sigma

● Jet: Flavor Tagging & Charge Reconstruction

● Flavor Physics: requires good intrinsic Energy/Momentum resolution
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BMR: no significant dependence on #jets...
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Lepton: isolated

BDT method using 4 classes of 24 input discrimination variables.

Test performance at: Electron = E_likeness > 0.5 ;
Muon = Mu_likeness > 0.5 
 Single charged reconstructed particle, for E > 2 GeV:
lepton efficiency > 99.5% && Pion mis id rate ~ 1%

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
CEPC-DocDB-id:148, Eur. Phys. J. C (2017) 77: 591

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
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Lepton: inside jet

Compared the single particle sample,  the jet lepton (at Z->bb sample at sqrt = 91.2 GeV)
Performance will be slightly degraded – Due to the limited clustering performance (splitting
& contaimination). 

At the same working point, the efficiency can be reduced by up to 3%; while mis-id rate 
increases up to 1%. Marginal Impact on Flavor Physics measurements as Bc->tauv. 
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Taus: isolated or inside jets
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Tau id

eff ~ 25%, purity ~ 30%

eff ~ 65%, purity ~ 70%

eff ~ 80%, purity ~ 85% eff ~ 80%, purity ~ 85%
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Bs→Phi vv

● Key ingredient to understand FCNC anomaly...

● Critical Physics Objects: Phi (and charged Kaon),
2nd VTX, Missing E/P, b-jet at opposite side

● Percentage level accuracy anticipated at Tera-Z

https://arxiv.org/pdf/2201.07374.pdf
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Bs→Phi vv
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Bs→Jpsi/Phi

Preliminary...
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B
S
/B0→2 pi0/eta

● Provide sub percentage level accuracies on B0->2 pi0, 40/5 times than current world average & Belle
II anticipation, have a strong impact on the CKM angle (alpha measurements), discover the other
three modes for the 1st time. 

● Strongly Depends on the b-tagging performance (ILD is good enough) and the ECAL intrinsic
resolution (provide 30 MeV mass resolution for B-meson... 5 times better than ILD ECAL)

Preliminary...
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+ innovative software system...
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Jet charge

... we understand how the jet charge information 
eventually incarnated into Leading final state 
particles... 
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