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Basic facts about Higgs

• Large mass:

• Small width:

• EWSB:

• Interactions: 
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Fermion mass origin
Hierarchy problem
Vacuum stability
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Basic facts about Higgs
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Basic facts about Higgs

• Large mass:

• Small width:

• EWSB:

• Interactions: 

• Production and decay:
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Fermion mass origin
Hierarchy problem
Vacuum stability

R. Contino et al: 1606.09408

J. Baglio et al: 2003.03227

O. Breina, et al: 1111.0761
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HH and ZH production

HH production                                ZH production

• LO:

• NLO: absence of full analytic results

• Numeric results

• Approx. analytic results:

expansion
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HH and ZH production

HH production                       

• NLO: absence of full analytic results

• Combination of former results:

high-energy expansion & sector

decomposition via Padéapprox.

Small external mass expansion
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Calculation of the amplitudes

Set up

• Partonic process: 

• Mandelstam variables:

• Amplitude:

• Projection operators:
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T. Plehn, et al. hep-ph/9603205



Calculation of the amplitudes

Set up

• Form factor:

• Finite part:

• Two-loop virtual corrections:
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UV & IR divergences

S. Catani, hep-ph/9802439

J. Davies, et al, 1907.06408



Calculation of the amplitudes

Expansion

• Form factor:

• Integrand level:
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Calculation of the amplitudes

Expansion

• Form factor:

• Integrand level:
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UV & IR divergences

X. Xu, L. L. Yang. 1810.12002

S. Caron-Huot, et al. 1404.2922
M. Becchetti, et al. 1712.02537



Calculation of the amplitudes

• Topology,  e.g.

• Master integrals: 

• Differential equations:

• Canonical form:

or 
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J. Henn, 1304.1806
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Calculation of the amplitudes

• Canonical form:

• d-log form:

• Solution:

• Square root: 
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M. Besier, et al, 1809.10983

is constant matrix,

is called a letter

A. Goncharov, 1105.2076



Calculation of the amplitudes

•

• DEs:

• Homogeneous part:
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A. Manteuffel, et al, 1701.05905

sub-topology



Calculation of the amplitudes

•

• New DEs:

• Top-topology:
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transform

Can be solved as usual !



Calculation of the amplitudes

ZH production

• Partonic process: 
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B. A. Kniehl, Phys. Rev. D 42 (1990) 2253

J. Davies, et al. 2011.12314

S. A. Larin, hep-ph/9302240



Validation of small mass expansion (HH)
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The upper plot uses the 

results from the grid file of 

[J. Davies, et al, 1907.06408]

while the lower one uses 

our results with the small-

mass expansion up to
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Validation of small mass expansion (HH)
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The black curves are 

obtained from our results 

with the small-mass 

expansion up to               , 

while the red ones are 

obtained using the 

interpolation code 

associated with

[J. Davies, et al, 1907.06408]

~7 GPGPU hours vs. ~10 

seconds for one CPU core 

per phase-space point
S. Borowka. 1604.06447
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Validation of small mass expansion (HH)
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as a function of 

computed with the small-

mass expansion up to 

(blue), (red), 

(green)  and               (black) 

for several values of      .
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Validation of small mass expansion (HH)
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The finite part of the virtual corrections computed at several orders in 

the small-mass expansion for five representative phase-space points.
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Validation of small mass expansion (ZH)
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as a function of 

computed with the small-

mass expansion up to 

(blue), (red),  and  

(black) for several 

values of      .
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Validation of small mass expansion (ZH)

09/16/2021 Efficient NLO computation for  gg->HH/ZH with top quark mass dependence(Guoxing Wang)

The column labelled pySecDec contains results from  [L. Chen, et al, 2011.12325], 

while those labelled               come from our small mass expansion.
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Total cross section (ZH)
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Total cross section @13TeV LHC

Combine results from vh@nnlo [1210.5347, 1802.04817]

Total cross section @27TeV HE-LHC

Exact top-quark mass dependence[2105.04436]



Differential cross section (ZH)
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Summary and outlook

• Our method is based on a series expansion in terms of the small 

mass                        : precision and efficiency

• We present the state-of-the-art fixed-order predictions for the total 

cross sections of ZH production.

• We show the representative          differential distribution and further 

phenomenologically interesting results will be presented in the future.

• Our method can also be implemented for other 2 → 2 processes with a 

heavy quark loop:
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Thanks



Example 3
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• Expansion by Subgraphs:


