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Outline
CEPC & tri-gauge boson couplings?

WW production at the lepton collider:

Measurements at the CEPC

TGC measurements at LHC Run II

Comparision for EW, TGC Higgs precision at LHC 
Run II and CEPC 

Conclusion
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Why tri-gauge boson 
couplings ?
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Operators beyond SM

Operators relevant with LEP 
Z. Han, W. Skiba, Phys. Rev. D. 71 075009 (2005)
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Success of EWP Physics

95% C. L.

Famous S, T parameter

Independent Bosonic fields
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Triple gauge bosons ?
Why learning the tri-gauge boson coupling 

is important?
Our current super-simplified EW constraints (S, T) are based on the 

facts that tri-gauge boson couplings are poorly measured!

Fermion gauge boson corrections arise very common in 
new physics models (a Z’ model)

a: size of gauge fermion operator
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Disguising oblique parameters
Use the SM gauge field e.o.m, the universal gauge-
fermion corrections can be reabsorbed into S, T 

parameter + tri-gauge couplings + higgs couplings

We neglect RHS in the past!
After the tri-gauge boson and Higgs 

measurements, we can not re-shift it as S, T 
anymore!

Need to get reasonably high precision. 

OHW

OHB

C. Grojean, W. Skiba, J. Terning 
Phys. Rev. D. 73 075008 (2006)
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CEPC
Circular e^+ e^- collider with center 

of mass energy 240 GeV

EW precision (Super-Z factory)

Tri-gauge boson precision

Higgs precision

What can it go beyond the LEP?
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WW production at the 
lepton collider
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Tri-gauge boson at LEP
In the Hagiwara-Peccei-Zeppenfeld-Hikasa basis

Only the 1st line is C and P conserving

Five independent variables:
The W boson charge 
suggest                .g1,γ = 1
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Tri-gauge boson at LEP
Up to D=6 level, in the SILH basis, 

The first one is constrained by the S parameter, 

Three independent variables:
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Kinematics

Five differential variables:

(θ, θ1, θ2,φ1,φ2)

Production amplitude

D: W decay matrix

C: Coupling coefficients
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Kinematics

Differential cross section: 

The parameter dependence:

Linear term dominate in the high 
precision collider like CEPC.
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Linear Differential Sensitivity

azimuthal angle

polar angle

scattering 
angle

Sensitive
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Linear Differential Sensitivity

upper down
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Sensitivity:

Multi-variable methods:

BDT methods (will be used soon)

Previous LEP only use theta

In principle, one would get five independent 
histograms to discriminate S and Bs:

At the lepton collider, the reducible 
backgrounds of WW is less than 5% after cuts

Summing over different bins 
for 5 distributions

leptonic or semi-leptonic
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Linear Differential Sensitivity

10^-3 ~ 10^-4

Two orders 
improvements

5 ab^-1
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2D significance
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Individual sensitivity

In most cases, 
scattering angle and 
azimuthal angles are 

most sensitive
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Systematics?

Leptonic and semi-leptonic backgrounds are small 

(full backgrounds simulation in semi-leptonic using whizard)

Precision W mass. 3 MeV at CEPC

Beam energy uncertainty. 10ppm ~ 1 MeV

Detector simulation and radiative corrections are roughly at 
the same order. (ILC notes) 

< 10^{-5} in general, OK!
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Few Comments

Hadronic channel has large reducible 
backgrounds. (needs to be included)

Bins shown later are the semi-leptonic

Systematic uncertainties: ISR, beamstrahlung, W mass 
measurements, E resolution, beam energy 
uncertainties, etc

Tuesday, August 11, 2015



Constraints from LHC 
Run II
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LHC WW process

Di-lepton channel to suppress the QCD Backgrounds.

                                                                                         .

                 .
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Pt distributions
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Azimuthal angle
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Counting the EFT

Further Cuts:

Can be relaxed
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Helicity combinations
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Comparision

Current and future 95% C.L. constraints
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EW & TGC Interplay
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EW & TGC Interplay

one sigma
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Conclusion

CEPC can greatly improve the TGC by more than 2 orders of 
magnitudes

At the LHC, TGC can be improved by more than one order 
of magnitude and not too far ways from S, T precision for 
some operators. In general, it is much better than Higgs 
precision. 

At the CEPC, TGC not far way from S, T precisions and 
slightly better than Higgs precision. 
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Backup slice
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Linear                  Leptonic
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Linear Semi-leptonic
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hadronic channel
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Operators beyond SM

(Tri-gauge boson)

EWWG

Unfortunately, poorly measured 
because of lack of data
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Operators beyond SM

Unfortunately in LEP II means great 
for CEPC 

LEP II only has total 3fb 
inverse data, comparing 

to 3000fb inverse

Other modes give 30 MeV

Improvement would 
be much more than 

measuring Mw
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The 

Old EWPT can be improved a lot 
(like Mw) !

Tri-gauge boson coupling will be 
greatly improved. Break down of S, T 
formulism.

I haven’t even talked about 
Higgs yet!

Too precise to keep only d=6 operators?
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The Higgs coupling!
With Higgs, everything would be so so so 

different! 

Any vev insertion would be replaced by a higgs or two higgs, etc 

Operators contribute to S parameter

Clearly, with an extra factor of  2, this is the hVV couplings. 
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The Higgs coupling!

J. Ellis, V. Sanz and T. You, 1410.7703
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