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2012 July 4th Higgs announced
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Properties of Higgs

100% satisfied?
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Higgs Xsection reconstruction
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Les Houches wishlist
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Higgs Pair Production
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Higgs Self Coupling & New Physics?

SM



8

Higgs Self Coupling & New Physics?

MSSM (2HDM)

SM
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● NPB309 (1988) 282, E.W.N.Glover, J.J. van der Bij 
(aimed for SSC & LHC, Mt>40GeV)

● NPB479 (1996) 46, T.Plehn, M.Spira, P.M.Zerwas 
(corrected Mt & MSSM)

gg→HH @ LO
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gg→HH @ NLO and beyond

● PRD58(1998)115012, S.Dawson, S.Dittmaier, M.Spira.
(heavy Mt limit, QCD correction K~2)

● JHEP1411(2014)079, F.Maltoni, E.Vryonidou, M.Zaro;
NPB875(2013)1, J.Grigo, J.Hoff, K.Melnikov, M.Steinhauser.
(uncertainty from finite Mt may be +-10%)

● PRL111(2013)201801, D.de Florian, J.Mazzitelli.
(NNLO QCD correction, another ~20%)

● NPB900(2015)412, J.Grigo, J.Hoff, M.Steinhauser.
(1/Mt expansion estimates 10% for NLO & 5% for NNLO)

● JHEP1509(2015)053, D.de Florian, J.Mazzitelli.
(NNLL correction ~7%)
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Mt → Infinity

Large Mt Approx.
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Failed approximation

Large Mt Approx.
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Large Mt approx. must be removed 
for Higgs investigations
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Avaiable Algorithms

● Analytical approach:

Simple processes only, i.e. not too 
many scales. No breakthrough after 
more than ten years struggle.

● Numerical approach:

Conventionally too slow. Popular 
algorithms are “Sector 
Decomposition” and “Mellin-Barnes”
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Sector Decomposition
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Sector Decomposition

Feynman parameterization
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Sector Decomposition

Integrate out loop momenta
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Sector Decomposition

U and F can 
be determined 
geometrically
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Sector Decomposition

First generate primary sectors to eliminate Delta function
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Sector Decomposition

Determine a sub-set of parameters ti

Then divide into r sub-sectors
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Sector Decomposition

All the coefficients of divergences are finite (complicated).
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Sector Decomposition
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Quasi-Monte-Carlo
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Quasi-Monte-Carlo

O(1/sqrt{n}) O(1/n)
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Improve Sector Decomposition

●Quasi-Monte-Carlo algorithm

●Parallel (GPU) technique
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Planar Two-Loop Master Integral
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Non-Planar Two-Loop Master Integral
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gg→HH @NLO with finite top mass

● 2-loop virtual contribution totally has 122 
Feynman diagrams, 126 color ordered 
amplitudes, 8 integral families/topologies.

● IBP reduction is difficult due to 4 scales.
● Implementation of QMC on phase space 
integration can also improve the efficiency.

● SecDec group are also working on the same 
mission, but different technique approaches.
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Conclusion & Prospect

● Large Mt approximation is not suitable for 
Higgs associated production investigation.

● For the first time, we present the results of 
two-loop master integrals for gg→HH with 
finite top quark mass.

● Our improved numerical algorithm can 
obtain results with reasonable accuracy in 
acceptible time for complete gg->HH@NLO 
(two-loop) with finite top mass. 
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Conclusion & Prospect

● H+j @ NLO and beyond with finite top mass
● HH @ NNLO with finite top mass
● e+e-=>HZ @ CEPC EW+QCD correction 
● X750 production via GF && its decay 
● Single top @ NNLO 
● At HL-LHC & SPPC, ttH @ NNLO
● ...
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Thank You 


