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Next Generation  Collider (Higgs Factory)e+e−

• ILC (Japan)


• CEPC (China)


• FCC-ee (Europe)
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The relative precision of  can be 0.5% ( )


Model independent analysis gives ，which 
however did not include theoretical uncertainty.

σ(ZH) ℒ = 5.6 ab−1

δκZ = 0.25 %

• Precision of  can affect the studies of EW phase transition.  
Phys. Lett. B 317, 385 (1993); Phys. Lett. B 323, 339 (1994); JHEP 08, 010 (2007)


• Precision measurement on  may shed light on new physics search, 
e.g. JHEP 1503 (2015) 146; Phys.Rept. 496 (2010) 1-77; JHEP 08 (2015) 152


δκZ

σ(ZH)



Theoretical prediction uncert. involves variation of scale and scheme. 

• EW NLO  (~6% uncert.)  
Nucl. Phys. B 216, 469 (1983); Z. Phys. C 55, 605 (1992); Phys. Rev. D 100, 073002 (2019); Phys. Rev. 
D90, 073007 (2014); Phys. Rev. D 96, 075044 (2017); etc. 

• EW+QCD mixed NNLO  (>1% uncert.) 
Phys. Rev. D 95, 093003 (2017); Phys. Rev. D 96, 051301 (2017) 

• Therefore, NNLO EW correction must be included for future physics 
analysis.

𝒪(α)

𝒪(ααs)



Difficulties on NNLO EW correction
• Real correction (QED): 

1. double QED radiation should be handled easily (Abelian case compared 
to well studied QCD radiation)


• Virtual correction: 

1. Multi-scale two-loop Feynman diagrams, esp. non-planar double-box 
 reduction of amplitude, reduction to master integrals, calculation of 

master integrals


2. 25377 Feynman diagrams (Feynman gauge), where only 2250 diagrams 
are very challenging, i.e. with 7 denominators.

⇒

8



Virtual NNLO EW correction
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Total: 25377
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Z. Li, Y. Wang and Q-f. Wu, Chin. Phys. C 45 No.5 053102 (2021)



Choices for amplitude reduction

• Projection method 
JHEP, 05: 060 (2002); JHEP, 04: 021 (2004) 


• IBP method 
Int. J. Mod. Phys., A15: 5087–5159 (2000) 


• AMF method 
Phys. Rev., D99(7): 071501 (2019); Phys.Rev.D 101 (2020) 7, 076023
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Choices for reduction to master integrals

• IBP reduction 
Int. J. Mod. Phys., A15: 5087–5159 (2000) 


• AMF method 
Phys. Rev., D99(7): 071501 (2019)
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Calculation of master integrals
• Analytical method: 

Most conventional approach, but one may confront difficult integrals, e.g. elliptic integral, in 
the complicated amplitudes.


• Differential Equations ( analytical or numerical ) ~ construction of canonical integrals etc. 
Phys. Rev. Lett. 110, 251601 (2013); etc. 

• Numerical method:


1. Sector decomposition 
Nucl. Phys. B585 (2000) 741; Int.J.Mod.Phys.A 23 (2008) 1457-1486; etc.


2. Mellin-Barnes 
Phys. Lett. B460 (1999) 397; Phys.Lett.B469 (1999) 225; etc.


3. AMF 
Phys. Rev., D99(7): 071501 (2019); etc.


• Semi-numerical method 
JHEP 11 (2006) 048
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Finally

• NNLO EW correction to  must be done to match the precision of 
experiment data.


• The complete solution may take years.


• Call for international collaboration or working group for this big project.


✦ Ayres Freitas group @ University of Pittsburgh


✦ Zhao Li group @ IHEP-CAS

e+e− → HZ
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Thank you!


