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How about the 
coupling to 
Higgs boson? 
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In some new physics models, the trilinear Higgs self-coupling may change by 
O(100)%, while the couplings with gauge bosons and fermions are still in 
agreement with SM. 

S.Kanemura, et al, PLB558,157



Higgs self-coupling in the SM

3We need to measure the trilinear self coupling directly.
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Higgs pair production
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Why do we need precise prediction?

1. The measured events numbers do not depend on the theoretical 
prediction, but the interpretation does. 

2. As more data are accumulated, the experimental uncertainties 
will reduce. Theoretical uncertainties will reduce only after we 
calculate higher-order corrections. 

3. Renormalization and factorization scale uncertainties are sizable, 
especially for Higgs productions.
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the more precise the cross section is
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<latexit sha1_base64="BiK3LXJ3J6Oge6QiMlSG1JdOmXU="></latexit>

LO1 17.07+30%
�22% fb

NLO1 31.93+18%
�15% fb

Dawson, Dittmaier, Spira, PRD58,115012



gg>HH@NLO: Full mt dependence

Baglio, Campanario,Spira, et al, 1811.05692, 2003.03227




gg>HH@NNNLO

L.B.Chen, H.T.Li, H.S.Shao, JW, Phys.Lett.B,803,135292, JHEP,03(2020)072
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NNNLO NNLO NLO

Similar to single Higgs qT subtraction Standard methods

Many checks:  
1. Self consistency (gauge invariance, poles cancellation) 
2. Reproduce single Higgs xs up to NNLO 
3. Reproduce double Higgs xs up to NNLO



Class-(a)
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Class-(b)
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Catani, Grazzini, PRL98,222002



The idea of qT subtraction 
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Validation of qT subtraction
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How large are NNNLO corrections?

87%

18%

3%

Scale uncer. less than PDF uncer. 3.3% now !

L.B.Chen, H.T.Li, H.S.Shao, JW, Phys.Lett.B,803,135292, JHEP,03(2020)072



How to choose a scale?
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Invariant mass of Higgs pair
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gg HH including decay→
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LO prod. & LO decay vs. 
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LO prod. & LO decay vs. 
NLO prod. & LO decay

Peak at ~30 GeV
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gg HH including decay→
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Very loose cuts decrease the 
x-section significantly!

H.T.Li, JW, X.Zhang, D.Zhao, to appear



gg HH including NLO decay→
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gg HH including NLO decay→
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Up to 20% reduction

LO prod. & LO decay vs. 
LO prod. & NLO decay

H.T.Li, JW, X.Zhang, D.Zhao, to appear



Conclusion

23

Measuring Higgs self-couplings is of great importance in the 
future.


Precise theoretical prediction is needed to properly interpret 
the data.


The dominant channel gg>HH has been calculated up to 
NLO/NNNLO in the finite/infinite mt scheme.


The cut effects and higher order corrections in decay are 
also significant, and thus should be considered for a detailed 
study. 



Thank you!
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Back-up slides



Top quark mass effects
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