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Part 1

e+ e- à H+Z

Golden production channel for Higgs at CEPC

so-called  Higgsstrahlung process
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Motivations
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Motivations
CEPC can measure production cross section for σ(ZH) to 

an exquisite precision of 0.51%

Knowing the NLO EW correction (a few percent) is not 
sufficient to meet experimental precision!

O(α2)  and O(ααs) corrections need be considered!

We will investigate the latter, which should be more 
manageable and even more important! 
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arXiv:1609.03995 by Sun, Feng, Jia and Sang 

Collaborators:  Feng Feng (China Univ. of Mining), Wen-Long Sang (Southwest Univ.)
Qing-Feng Sun (PhD student at USTC, will join IHEP /EPC as a postdoc fellow this Nov.)
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An independent calculation by another group 
arXiv:1609.03955 by Gong,  Li,  Xu, Yang
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Typical higher-order Feynman diagrams to 
the Higgsstrahlung process
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ISR



Typical	Feynman	diagrams	for	eeZ	vertex,	self-
energy	and	ZZH	vertex.
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Detailed	Techniques	and	results
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Methodology	and	Comparison	with	
existing	NLO	predictions
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We confirm Denner et al.’s analytic NLO results

Our NLO predictions to integrated cross sections are accurate 
to an exquisite degree, actually we get fully analytic results.



We apply three variants of On-Shell 
renormalization schemes:
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α(0) scheme

α(MZ)  scheme

Gμ scheme



Input Parameters
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Our predictions in α(0) scheme (including 
corrections for polarized cross section)
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NLO enhances the LO prediction by about 3.1%

NNLO mixed EW-QCD correction is sizable, about 1.1% of the
LO prediction!



Our predictions for unpolarized cross section in 
three different schemes (including uncertainty)
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Observe strong scheme
dependence!

The NNLO predictions
now range from 230
To 233 fb!

Need go to 2-loop EW
correction to reduce
Scheme dependence!

Bad news for  prescribed 
0.51% precision at CEPC?

We also redo the calculation retaining  finite 
bottom quark mass,  effect too small to include 



Angular distribution of the (polarized ) 
Z boson in the Higgsstrahlung process
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Part 2

e+ e- à H+γ
A very rare Higgs production channel at CEPC
several orders-of-magnitude smaller than HZ production

Loop-induced process, a sensitive channel to seek the 
footprint of new physics 
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arXiv:1706.03572 by Sang, Chen, 
Feng, Jia and Sun 
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LO results are known since Abbasabadi et al. (95); Gounaris et al. (95);
Djouadi et al. (96)  

For the first time, we have computed the NLO QCD correction



Angular distribution of Higgs
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CEPC ILC

The NLO QCD correction is negligible at CEPC energy



Integrated cross section versus
CM energy  (LO)
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Interesting interference patter arise: double hump structure 



Integrated cross section versus
CM energy  (NLO)
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Near the ILC energy, the QCD correction seems to be sizable



Summary and Outlook

1. Mixed EW-QCD correction for the Higgsstrahlung 
process appears to be significant, about 1% of LO 
cross sections

2.  Strong α-scheme dependence observed, also sizable 
uncertainty arising from input parameters.  So far, 
cannot meet precision of CEPC measurement.

What we can do to improve?  
Compute NNLO EW correction?? 
Technically feasible??
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Summary and Outlook (cont’)

3. ISR effect is very important, and must be included to 
match the realistic experimental measurements. 
(relatively easier to manipulate?  Much experience can 
be borrowed from LEP?)   

4. Finite Z0 width effect? How good is the narrow width 
approximation ?

5. For e+ e- à H+γ, the QCD correction at CEPC seems 
completely negligible. (Harbor of new physics)
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Thanks for your attention!
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