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Disclaimer:

Work in Progress!
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VBF-HH process

Electroweak HHjj Production

EW production process (O(α4)) of Higgs pair in association with 2
jets.

Use VBF-approximation (neglect s-channel diagrams and interference
between u- and t-channel diagrams).

Born diagrams with anomalous couplings:

Source: ATLAS Collaboration [arXiv:2406.09971]

For approach using non-linear EFT: See talk by Jens Braun.
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VBF-HH process

Consider only NLO-QCD corrections.

Examples for real (left) and virtual (right) diagrams:
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Implementation in the POWHEG-BOX

The POWHEG-BOX *

’Positive Weight Hardest Emission Generator’: Monte-Carlo-Event
Generator combining NLO calculations with parton shower programs.

POWHEG-method: Generate hardest emission with NLO accuracy and
softer emissions by parton shower.

Process independent components provided by POWHEG-BOX

Process dependent components provided by user.

*
Nason [hep-ph/0409146], Frixione, Nason and Oleari [arXiv:0709.2092], Alioli, Nason,Oleari and Re [arXiv:1002.2581]
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Implementation in the POWHEG-BOX

The HHJJ process implementation

Provide results at NLO and NLO+PS (NLO-QCD corrections
matched to parton shower, e.g. PYTHIA8).

Based on VBFNLO * method of splitting diagrams into building blocks
(’bosonic tensors’).

Decay of Higgs bosons not taken into account.

Independent cross-check at NLO with proVBFHH � (Provides results
up to N3LO in QCD). Also including anomalous couplings (will be
made public with release of planned paper).

*
Baglio et al. [arXiv:1404.3940], Baglio et al. [arXiv:1107.4038], Arnold et al. [arXiv:0811.4559]

�
Dreyer, Karlberg [arXiv:1811.07918], Dreyer, Karlberg [arXiv:1811.07906]
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Phenomenological Results

Phenomenological Results
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Phenomenological Results Settings

Settings

Proton-proton collision with center of mass energy:
√
s = 13TeV.

PDF: NNPDF40MC nnlo as 01180 *, αs(MZ ) = 0.118.

Gµ scheme: α from Gµ = 1.16637x10−5GeV−2, mW and mZ .

Masses and widths:

mW = 80.3692GeV, ΓW = 2.085GeV

mZ = 91.1880GeV, ΓZ = 2.4955GeV

mH = 125.2GeV, ΓH = 3.7x10−3GeV

*
Cruz-Martinez, Forte, Laurenti, Rabemananjara and Rojo [arXiv:2406.12961]
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Phenomenological Results Settings

Settings

Assuming diagonal CKM-matrix.

Jets: anti-kT algorithm with R=0.4.

Factorization and renormalization scale:

µ2
R = µ2

F =
mH

2

√(mH

2

)2
+ p2t,HH
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Phenomenological Results Settings

Parton Shower

PYTHIA version 8.312 * with Monash 2013 tune �.

Underlying event, hadronization and MPI (’multi-parton interactions’)
turned off.

Options: Global recoil scheme, dipole recoil scheme, VINCIA antenna
shower.

*
Bierlich et al. [arXiv:2203.11601]

�
Skands, Carrazza and Rojo [arXiv:1404.5630]
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Phenomenological Results Analysis Setup

Analysis Setup

VBF setup:

Require 2 tagging jets with

pT ,j > 25GeV, |yj | < 4.5, mjj > 600GeV.

Also require separation in rapidity:

∆yjj > 4.5, yj1 · yj2 < 0.

Requirements for subleading jets:

pT ,j3 > 25GeV, |yj3 | < 4.5.
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Phenomenological Results SM Results

Comparison NLO, NNLO (proVBFHH) and NLO+PS
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Phenomenological Results SM Results

Comparison NLO, NNLO (proVBFHH) and NLO+PS
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Phenomenological Results Anomalous Couplings Results

Bounds for anomalous couplings used:
(0.55 < κ2V < 1.49 *), (0.98 < κV < 1.1 �), (−6.2 < κλ < 11.6 �).

Cross section dependence on anomalous couplings (proVBFHH):

Source: Dreyer, Karlberg [arXiv:1811.07906]

*
ATLAS Collaboration [ATLAS-CONF-2024-003]

�
CMS Collaboration [CMS-PAS-HIG-23-006] (Fig. 6)

�
ATLAS Collaboration [arXiv:2405.20040]
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Phenomenological Results Anomalous Couplings Results

Couplings Bounds
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Phenomenological Results Anomalous Couplings Results

Smaller Factor
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Summary and Outlook
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Summary and Outlook

Summary and Outlook

Presented implementation of electroweak HHJJ process in the
POWHEG-BOX using VBF-approximation.

Presented preliminary phenomenological results for a VBF cut setup.

Compared NLO SM results to NNLO results from proVBFHH and
NLO+PS results for different parton shower settings.

Impact of anomalous couplings on the observables and total cross
section found to be very large.

Work in progress: More checks, scale uncertainties, interface with
HERWIG, etc.

Expected release of code and paper planned for early 2025.
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Summary and Outlook

Thanks for listening!

Any questions?
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Extra Slides
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Cross Section Values

SM results:

σtot (after VBF cuts) Preliminary Values!

NLO 0.6144± 0.0001 fb

NNLO 0.6021± 0.0006 fb

PY8-dipole 0.5732± 0.0006 fb

PY8-Vincia 0.5828± 0.0006 fb

Anomalous couplings results (PY+Vincia):

σtot (after VBF cuts) Preliminary Values!

κ2v = 1.49 1.086± 0.002 fb

κ2v = 0.55 2.927± 0.005 fb

κv = 1.10 1.838± 0.003 fb

κv = 0.98 0.4541± 0.0009 fb

κλ = 11.6 40.22± 0.08 fb

κλ = −6.2 25.17± 0.05 fb
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Extraplots SM
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Extraplots SM
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Extraplots Anomalous Couplings
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