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Precise Measurement on Higgs boson
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Challenges at next generation colliders
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Go beyond 
NLO!

NLO: Nucl.Phys.B 216 (1983) 469-492; 
Z.Phys.C 55 (1992) 605-618;  
Z.Phys.C 56 (1992) 261-272 



Rocks on the road 
to higher orders

• Multi-loop multi-scale 
Feynman integrals:  
analytic evaluation?  
numerical evaluation?


• Exponentially increasing of 
calculation cost, even worse.


• Long road thereafter: event 
generation, matching to 
parton shower, etc. 



Improvement on numerical evaluation



 > 1%δσmixed
HZ

Mixed QCD-EW corrections



Production + Decay



H→bb,cc, gg: CPC Vol. 44, No.1 (2020)013001  
H →ZZ :EPJC 81, 879 (2021) 

H→invisible: CPC Vol. 44, No.1 (2020)123001 
 H→ττ:Euro. Phys. J. C(2020) 80:7 

H→μμ:  Accepted by CPC 
Higgs Global Analysis: ArXiv:2105.14997 

Higgs CP: ArXiv: 2203.11707 
H→γγ:  ArXiv:2205.13269 

Update on H→bb,cc, gg: ArXiv:2203.01469

Investigate Decays



Investigate Decays

ArXiv: 2205.08553



Higher orders are still needed

 > 1%δσmixed
HZ

 < 0.5% with 
millions of Higgs 

bosons

δσHZ

}  > 0.5% 
Need NNLO EW?!

δκZ

Theory precision

NNLO EW: 25377 diagrams



Seminumerical approach



Auxiliary Mass Flow

AMFlow



NNLO-EW for e+e− → HZ



• CEPC (ILC & FCC-ee) is indeed extraordinary Higgs factory.


• Most difficult calculations on NNLO EW correction has been 
accomplished. 


• QED resummation effect could be important. 


• QCD resummation effect based on QCD-EW mixed correction 
could also be important.


• Further matching to parton shower, event generator etc. will be 
needed.

Prospects



Thank you!


