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Physics measurements with
Tau final state at the CEPC

Manqi Ruan
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Higgs: linked to many known
unknowns of the SM

● Hierarchy: From neutrinos to the top
mass, masses differs by 13 orders of
magnitude

● Naturalness: Fine tuning of the Higgs
mass

● Masses of Higgs and top quark: meta-
stable of the vacuum

● Unification?

● Dark matter candidate? 

● Not sufficient CP Violation for Matter &
Antimatter asymmetry

● Most issues related to Higgs
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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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Key figures of the CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 250 GeV)

– Higgs factory: 1M Higgs boson

● Absolute measurements of Higgs boson width and couplings
● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 1 Tera Z boson

● Precision test of the SM
● Rare decay

– Flavor factory: b, c, tau and QCD studies

● SPPC (~ 100 TeV)

– Direct search for new physics 

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

– ...

● Heavy ion, e-p collision... Complementary
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Detector & Software

Full simulation reconstruction Chain functional, iterating/validation with hardware studies
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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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Quantify the physics potential
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Taus at the CEPC

● Finding Tau

● Specify Tau decay product

Leptonic:
ZH, Z→ll/vv, H→ττ
Z→ττ

Semi-Leptonic:
ZH, Z→qq, H→ττ
WW→τvqq

Full-Hadronic:
Z→qq→τ + X
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Taus at the CEPC

TAURUS/Specify Tau decay product

Semi-Leptonic:
ZH, Z→qq, H→ττ
WW→τvqq

Full-Hadronic:
Z→qq→τ + X

TAURUS (Tau ReconstrUction toolS): 
an overall efficiency*purity higher than 70% is achieved for qqττ, and qqτv events
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Benchmarks
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qqH, H→ττ @ 240GeV:
eff ~ 80%, purity ~ 85%
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WW→τvqq @ 240GeV:
eff ~ 80%, purity ~ 85%
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Z→bb, Bc→τv @ 91.2 GeV:
eff ~ 60%, purity ~ 75%
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Z→bb, Bs→ττ @ 91.2 GeV:
eff ~ 25%, purity ~ 30%
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Signal strength measurement of qqH,
H→ττ @ 240 GeV

Invariant mass of di-tau: collinear approximation that assumes the neutrinos aligns with the
direction of visible tau decay product 
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Bc->Tauv

Taifan, etc, Accepted by CPC.
Collaborate with Wei Wang, et.al. 
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Sensitive to VTX Performance

LINGFENG @ HKIAS
...
Contamination of D decay that mimics tau 3-prong decay;
reconstruction accuracy V.S final accuracy: ideal, 1, 2, 5, 10μm resolution
...
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Up limit of Br(Z→l
1
l
2
)~o( 1E-9) 
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Summary
● CEPC, a precision & upgradable Higgs/W/Z factory, and a Discover machine!

– Boost the Higgs/EW precision by ~ 10 times w.r.t HL-LHC/current boundary

– Huge potential on QCD, Flavor, BSM

● Tau is critical for CEPC physics: we estimated the accuracy for multiple physics
benchmarks with tau in their final states

– Higgs→tautau; relative accuracy of 0.8% 

– Z→bb, Bc→Tauv; relative accuracy of o(1%) 

– Z→bb, b→stautau; sensitive to Br ~ 1E-6

● A dedicated tau finding algorithm, TAURUS has been developed at the CEPC
baseline detector. It has a tau finding performance of: 

– Efficiency of 80% and purity of 85% at qqH, H->tautau and WW->tauvqq events.

– Efficiency of 60% and purity of 75% at Z->bb, Bc->Tauv events. 

– Efficiency of 25% and purity of 30% at Z->bb, Bs->Tautau events. 
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Backup
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LFV from Z & Tau decays
Lorenzo Calibbi, 2107.10273
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The Higgs field: one of the two pillars of
the SM

Higgs 

Gauge
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Timeline
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CDR released in Nov. 2018

● Baseline designs for the Accelerator, Detector & Software

– Subsystems' designs supported with Prototype construction & test

● Physics potential
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CEPC Accelerator Baseline Layout
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Recent Progresses
● Pursue higher luminosity... and develop upgrading plan to 360 GeV

center of mass energies

● Accelerator Critical R&D

– SRF

– Klystron

– High Temperature Iron Based Super Conductor & Magnets

● Detector & Software innovative R&D 

● Physics studies: white papers, etc
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