
Mixed Electroweak-QCD Corrections to
𝒆+𝒆− → 𝑯𝝁+𝝁−

Wen Chen (IHEP)

in Collaboration with

F. Feng, Y. Jia, and W. Sang

PHEP2018

2018. 05 (Beijing)



Outline

• Motivations

• Renormalization of Electroweak Theory

• Finite Width Effects

• Calculations

• Numerical Results



Motivations

dominant at CEPC

Higgs productions in electron-positron colliders



Previous works on 𝑒+𝑒− → 𝐻𝜇+𝜇−

(precision at CEPC: 0.9%)

LO Jones, and Petcov PLB (1979)

ISR Berends, Kleiss NPB (1985)

NLO Boudjema, et al. PLB (2004)
(𝑒+𝑒− → 𝐻𝑒+𝑒)



Renormalization of Electroweak Theory

classical Lagrangian

𝑞− ≡
𝑢−
𝑑−

𝑢± ≡ 𝜔± 𝑢
𝑑± ≡ 𝜔±𝑑

𝜔± ≡
1

2
(1 ± 𝛾5)

where

Bohm, and Spiesberger (1986)
Hollik (1990)
Denner (1993)



spontaneous symmetry breaking

fermion mass

Higgs mass

unbroken symmetry

free parameters



gauge fixing (`t Hooft gauge)

where

full Lagrangian

ghosts

Feynman gauge:
𝜉 = 1



renormalization of couplings field renormalizations



one-particle irreducible diagrams

𝑉 = 𝐴, 𝑍



full propagators

+logitudinal parts



renormalization conditions:

a. Physical masses equal to the real parts of the poles of full propagators.
b. Residues of renormalized propagators equal to one.
c. The renormalized charge is defined as the full 𝑒𝑒𝛾-coupling in the Thomson limit.
d. 𝑐𝑤 = 𝑀𝑊/𝑀𝑍.

counter terms:



resummation of leading logarithms

light fermions
𝛼 → 𝛼 𝑀𝑍

2 scheme: 
s = MZ

2

top quark
𝛼 → =

𝛼

1 − Δ𝑟



Finite Width Effects

problems of finite width

double counting
unitarity
gauge invariance

gauge invariant schemes

pole scheme Veltman (1963), Stuart (1991), Sirlin (1991)
factorization scheme Kurihara, et al. (1995), Baur, et al. (1992)
fermion-loop scheme Beenakker et al. (1996), (1997)
unstable-particle effective theory Beneke, et al. (2004), Beneke (2015)
complex mass scheme Denner, et al. (1999), Denner, and Dittmaier (2006)



𝑒+ 𝑝+ + 𝑒− 𝑝− → 𝜇+ 𝑘1 + 𝜇− 𝑘2 +𝐻(𝑘3)kinematics

cross section 𝑑𝑘𝑖 ≡
𝑑3𝑘𝑖
2𝜋 3

1

2𝑘𝑖
0

𝑠𝑖𝑗 = 𝑘𝑖 + 𝑘𝑗
2

𝑥 = 1 − 𝑦
𝑀𝐻

2

𝑠

2

− 4𝑦
𝑀𝐻

2

𝑠

𝑦 =
𝑠12
𝑠0

Calculations

amplitude



LO amplitude



LO cross section

factorization scheme



representative 
diagrams



purely imaginary

NLO amplitude

NNLO amplitude

NNLO cross section



inputs

numerical results






