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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

SM
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Higgs Self Coupling

MSSM (2HDM)

SM
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gg→HH @ NLO and beyond

First attempt since 1998 [hep-ph/9805244]
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gg→HH @ NLO and beyond (Further attempts)

1/Mt corrections are large and poorly convergent  

NLO matching to PS
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gg→HH @ NLO and beyond (Further attempts)

Higgs-gluon effective field theory is used 

Heavy top quark mass approximation is used for NLO & NNLO
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However...

Large Mt Approx.
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Failed approximation

Large Mt Approx.
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Same problem in Higgs production

Mt >> M(H+j)

Pt(j) cannot 
be large
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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 256 
amplitudes, 44 integral families/topologies.

●  16041 scalar integrals are obtained.
●  IBP reduction is the bottleneck. Large amount 
of calculation resource (money) is needed. 

●  Some of the integral families can be easily 
reduced. Some cannot.

●  39 SIs for #9 family => 17 MIs. 
●  175 SIs for #33 family => 10 Mis.
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gg→HH @NLO with finite top mass

●  For each integral family, 2-3 serious master 
integrals. 

●  44*3*30s ~ 1hour for each PS point.
●  PS integral could utilize MPI technique.
●  300nodes*12cores*24hours*30days ~250k 
points.

●  Quasi-Monte-Carlo algorithm for PS integral 
needs O(10k) points for 0.1% integration 
accuracy. 
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750GeV resonance @ 13TeV LHC
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750GeV production via gluon fusion

What if there is top loop?

What if there is some new particle loop lighter than 750GeV?
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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 


