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LHC-HH team
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Conveners:
● Liza Brost ⇾ Stefano Manzoni
● Nan  Lu
● Ramona Gröber
● Javier Mazzitelli
● Margarete Mühlleitner

Thank you to Liza for her work in the last years!
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Introduction 

33

LHC-HH cross-group very active and growing community:

● Higgs Pairs: May 30th - June 3rd, 2022 in Dubrovnik, 
Croatia

○ 137 participants, 56 talks  - link to the agenda
● At this workshop we organized two parallel sessions:

○ 5 lighting talks - link to the agenda
○ 4 contributions  - link to the agenda

● Plenary session:
○ 5 talks  - link to the agenda

Thank you to all the speakers for the very nice presentations!

https://indico.cern.ch/event/1001391/timetable/
https://indico.cern.ch/event/1169286/sessions/460018/#20221128
https://indico.cern.ch/event/1169286/sessions/460018/#20221128
https://indico.cern.ch/event/1169286/sessions/459361/#20221128
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From slides of E. Brost

https://indico.cern.ch/event/1169286/contributions/5132683/attachments/2555529/4403571/LHC-H%20meeting%20November%202022%20intro.pdf
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Run 2 experimental results
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● ATLAS and CMS have published a significant amount of new results in the last 1-2 years
● Also statistical combinations have been provided

 arXiv:2211.01216

See slides of W. Balunas and T. Lange

Nature 607 (2022) 60-68

● ATLAS: obs 2.4 x σSM
HH

 (exp. 2.9 x σSM
HH

)
● CMS:  obs 3.4 x σSM

HH 
(exp. 2.5 x σSM

HH
)

https://arxiv.org/abs/2211.01216
https://indico.cern.ch/event/1169286/contributions/5132684/attachments/2555573/4403636/atlas-hh-lhchwg.pdf
https://indico.cern.ch/event/1169286/contributions/5132685/attachments/2555139/4403686/WorkshopHiggsWGNR19_TorbenLange_v4.pdf
https://www.nature.com/articles/s41586-022-04892-x
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Run 2 experimental results
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Nature 607 (2022) 60-68

● The new analyses exceeded the luminosity expectations!
● Thanks to object-performance improvements (b-tag, τ-id, ParticleNet…), and investigation of new 

topologies 

https://www.nature.com/articles/s41586-022-04892-x
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Run 2 experimental results
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 arXiv:2211.01216 Nature 607 (2022) 60-68

HH-only ATLAS 𝜅𝜆 95%CL  interval

expected observed

36 fb-1 [-5.0, 12] [-5.8, 12]

Full Run 2 [-2.1, 7.8]  [-0.6, 6.6]  

2018 HL-LHC projection
(starting from 36 ifb)

[−0.4, 7.3] 
(stat only [−0.1,2.7] ∪[5.5,6.9])

2022 HL-LHC projection [0.0, 2.5] (stat only [0.3, 1.9])

CMS: −1.24 < 𝜅𝜆 < 6.49 from HH 

Experimental results 
improve significantly 
along Run 2

Looking forward for 
Run 3 data analysis…

ATLAS obs.: −0.6 < 𝜅𝜆 < 6.6 from HH 
ATLAS obs.: −0.4 < 𝜅𝜆 < 6.3 from HH+H 

https://arxiv.org/abs/2211.01216
https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-58/
https://arxiv.org/abs/2211.01216
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
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A Look to theory status of HH
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From S. Jones’s slides

From M. Spira’s slides
⎷s = 14 TeV

● Huge effort on the last years of the theory community to improve the precision of the calculation
● NNLOFTapprox affected by uncertainties due to factorization/renormalization scale and m

t
 scale/scheme 

choice ∼ 25%

https://indico.cern.ch/event/1001391/contributions/4818269/attachments/2452313/4202984/sjones_dubrovnik22v3.pdf
https://indico.cern.ch/event/1169286/contributions/5132720/attachments/2555012/4402621/spira_hh.pdf
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A Look to theory status of HH: N3LO + N3LL
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Extended to N3LO + N3LL 

See slides of A.H. Ajjath

● Scale reduction to percent-level:
○ Factor 2 reduction from N3LO to N3LO + N3LL 
○ Factor 4 reduction from NNLO to N3LO 

● Good perturbative convergence
● Results combined also with the finite top-quark mass effect -> scale unc. at sub-percent level

 
● top Mass scheme uncertainties are unchanged

Infinite top mass approximation

arXiv:2209.03914

https://indico.cern.ch/event/1169286/contributions/5132690/attachments/2554144/4403599/HH%20at%20N3LO+N3LL.pdf
https://arxiv.org/abs/2209.03914
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Looking to EW corrections 
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From M. Spira’s slides

● Not only QCD but also  EW correction could be important for HH.
● Two talks on NLO EW top yukawa correction:

○  K. Schönwald analytical computation in the High energy limit (JHEP08(2022)259)
○  M.Spira Heavy top limit correction to ggHH (arxiv: 2207.02524) 

See slides from M.Spira and K. Schönwald

● Effect on the inclusive cross-section  ∼ 0.2%
● Not negligible effect on mHH distribution, especially 

at the threshold 
● “uncertainties due to unknown full EW. corrections 

∼ 10 − 20%”

we need to schedule a dedicated LHC-HH meeting to 
discuss how to integrate these as proper 
recommendation/uncertainty

https://indico.cern.ch/event/1169286/contributions/5132720/attachments/2555012/4402621/spira_hh.pdf
https://indico.cern.ch/event/1169286/contributions/5132708/attachments/2554951/4402520/hwg.pdf
https://link.springer.com/content/pdf/10.1007/JHEP08(2022)259.pdf
https://indico.cern.ch/event/1169286/contributions/5132720/attachments/2555012/4402621/spira_hh.pdf
https://arxiv.org/pdf/2207.02524.pdf
https://indico.cern.ch/event/1169286/contributions/5132720/attachments/2555012/4402621/spira_hh.pdf
https://indico.cern.ch/event/1169286/contributions/5132708/attachments/2554951/4402520/hwg.pdf
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Background studies: NLO production of bbH
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See slides from J.Mazzitelli

● Single Higgs production in association with a bottom pair is an irreducible background to all H(→bb)H searches
○ Currently in the ATLAS experiment this contribution is simulated with NNLOPS  ggH + bbH simulation with 

Powheg
○ +100% uncertainty on top of ggH yield to cover for possible mis-modelling (similar in ttH analyses)
○ Not negligible contribution when compared to signal

● Starting from arxiv:1808.01660  -> bbH produced at NLO and matched to PS
○ Investigate bbyy final state in a phase-space region similar to Atlas analysis
○ Considering  m2b2γ<350GeV, m2b2γ<500GeV and no-m2b2γ cut

● Di-Higgs signal and bbH background are of similar size
● Difference in shape between HW7 and PY8 for Nb-jet due to g->bb splitting in PY8
● Top and bottom Yukawa contributions prefer different values of m2b2γ

Possible prescription when 
study will be finalized

https://indico.cern.ch/event/1169286/contributions/5132730/attachments/2555100/4402792/bbH_background.pdf
https://arxiv.org/abs/1808.01660
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Plan Interpretation: EFT
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See slides of J.Lang

A note from HH-group is ready for circulation within LHC-WG concerning HH EFT:
● Tool to be used for HEFT and SMEFT interpretation
● Discussion of the translation between HEFT and SMEFT  ⇒ Not trivial, better to study both EFT 

representations separately
● Updated HEFT benchmarks (arXiv:1908.08923)
● Discussion of theory uncertainties propagation 
● Reweighting approach and inputs for experiments

Further information in the upcoming note!

https://indico.cern.ch/event/1169286/contributions/5132692/attachments/2555620/4403718/CERN_HiggsWGMeeting_JannisLang.pdf
https://arxiv.org/abs/1908.08923
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Model/Interpretation benchmark for BSM model
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Working towards a more coherent description of possible BSM benchmark/model to be used by the 
experiment 

See slides from D.Azevedo and K.Radchenko

See also  arxiv:2112.12515

https://indico.cern.ch/event/1169286/contributions/5132688/attachments/2555450/4403726/19th_LHCXSWG_DAZEV.pdf
https://indico.cern.ch/event/1169286/contributions/5132712/attachments/2554885/4402396/Radchenko_LHC_WG_22.pdf
https://arxiv.org/pdf/2112.12515.pdf
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Thank you for your 
attention and stay tuned 

for new results!
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 arXiv:2211.01216

https://arxiv.org/abs/2211.01216

