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Introduction



Double Higgs production at the LHC
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Production channels

Gluon fusion is the dominant production process
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Theoretical status of ggHH calculations

Available results ~

NLO in the my — oo limit [Dawson et al. PRD58 (1998) 115012]

Full NLO [Borowka et al,, PRL17 (2016) 012001; Baglio et al., EPJC79 (2019) 6, 459; Baglio et al., JHEP 04
(2020) 181]

NNLO in the m; — oo limit [de Florian et al, PRL111 (2013) 201801]

NNLL in in the m¢ — oo [Shao et al, JHEPO7 (2013) 169; de Florian et al, JHEP09 (2015) 053]
NNLO FTa [Grazzini et al, JHEPO5 (2018) 059]

Differential NNLO in the m; — oo [De Florian et al,, JHEP09 (2016) 151]

Approximate NNLO QCD[JHEP 09 (2021) 161]

Virtual corrections for NNLO in the m¢ — oo limit [De Florian et al, PLBB724 (2013) 306; Grigo et al.,
NPB888 (2014) 17]

2-loop matrix elements using HE expansion [Davies et al,, JHEP 03 (2018) 048; Davies et al,JHEP 01
(2019) 176]

2-loop matrix elements using pr expansion, combination with HE expansion [Bonciani et al,, PRL121
(2018), 16200; Bellafronte et al., JHEP 07 (2022) 069]

2-loop matrix elements using small mass expansion [Xu et al,, JHEP 01 (2019) 211; Want et al.,, PRD104
no. 5, (2021)]

Monte Carlo full NLO [Heinrich et al,, JHEPO8 (2017) 088; Jones et al., JHEPO2 (2018) 176; Heinrich et al.,
JHEP10 (2020) 021]

Top scheme uncertainties [Baglio et al,, PRD 103 (2021) 5, 056002]
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Impact of the choice of the top mass scheme
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) Q.

choice of the top mass = 20
(=}

First shown in [Baglio et al, E 18
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Yet another Monte Carlo

—CIED ~
- Currently available Monte Carlo event generator in the POWHEG-BOX is

based around the 2-loop results of Borowka et al., PRL17 (2016) 012001,

which are implemented using a series of interpolation grids (to account for

modified trilinears etc.) matched with the HE expansion

Fixed values of the input parameters; no possibility of changing the top
mass scheme;

Develop a new MC event generator based around the pr and HE expansions

- Allow to vary the input parameters; implement renormalization scheme
dependence
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The 2-loop amplitudes: transverse momentum

expansions

expansion

The gg — HH amplitude can be written as
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The transverse momentum can be written in
terms of Mandelstam variables

Rewritten as
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Expand in (plf)? /s’ < 1and m} /s" < 1
where s’ = /2

Very good description up to § < 750 GeV.
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The 2-loop amplitudes: high-energy expansion

High-energy expansion of the two loop form factors

Valid down to around 700 GeV

Complementary range with respect to the pt expansion

Cross-check at LO

750 1000 1250 1500 1730 2000
Vs [GV]

[Davies et al., JHEP 03 (2018) 048; Davies et al.,JHEP 01 (2019) 176];
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The 2-loop amplitudes: high-energy expansion

High-energy expansion of the two loop form factors

Valid down to around 700 GeV
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The 2-loop amplitudes: combining the two

expansions
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The 2-loop amplitudes: combining the two

expansions
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The Monte Carlo




The MC framework

- We implement a MC in the POWHEG-BOX framework that uses the

- The real matrix elements is obtained with MadLoop

padé-combined expansions as the two-loop matrix elements

do
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Results




Setup and input parameters

—CID ‘
LHC, v/S = 13.6 TeV
NNPDF31_as_0118_NLO

© MR = = Mpy /2

- My =125 GeV, My = 172.5 GeV
Consider both 0S My and MS ms (ut = me(mz), My /2, My /%, May)
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Inclusive cross sections and k-factors
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- Total inclusive cross section at LO ¢ for diff

and NLO for different values of ky ' K—hactors hor' Ifferent top mass
and different choices of the top scheme choices
mass renormalization scheme

{ N\

Minimum of the cross section depends on the top scheme

As expected, the difference between the schemes is smaller at NLO

We have found some disagreement with existing calculations, currently
under investigation — see Gudrun's talk at the recent Discussion on MC at

NLO QCD meeting event for an update of the existing POWHEG-BOX Monte
Carlo

\
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https://indico.cern.ch/event/1332408/
https://indico.cern.ch/event/1332408/

SM top scheme dependence: My
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SM top scheme dependence: My
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SM top scheme dependence: My
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[Baglio et al., PRD 103 (2021) 5, 056002, hep-ph/200811626]

[ - Very good agreement even if the setup is different (NLO vs NLO+PS) ]
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Top scheme dependence with a modified trilinear
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Transverse momentum distribution of the Higgs pair
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Top scheme dependence with a modified trilinear
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py, in the SM
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py, in the SM
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Top scheme depence for p;;
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Outlook

- We have developed a new Monte Carlo event generator in the
POWHEG-BOX framework that includes the possibility of varying the
trilinear coupling of the Higgs and the input parameters

Gives the possibility of studying the uncertainty from the top mass scheme
directly at the analysis level

It will be made available in the POWHEG-BOX svn repository

Future developments: possibility of rescaling the top Yukawa coupling;
production of HH via an heavy resonance
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