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A Summary of Run 2 Results and Future Outlook for Run 3 Measurements



Higgs Production At the LHC
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Gluon-Gluon Fusion Vector Boson Fusion Higgs Strahlung ttH

𝜎ggF≈50pb 𝜎VBF≈4pb 𝜎VH≈2.5pb 𝜎ttH≈0.5pb

Cross Sections at 13 TeV from Handbook of LHC Higgs cross sections 1610.07922
-Vector Boson Fusion is the second largest higgs production mechanism at the LHC.-Can directly probe coupling to vector bosons, 𝜅V.-VBF has very unique signature in the detector.

https://arxiv.org/abs/1610.07922


Statisically Dominated VBF Measurements
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-Nearly all VBF, VBS, and Triboson measurements are stat limited.-Run 3 will significantly increase stats which allows to probe SM more effectively.-This talk will focus on VBF Hjj results.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/


Experimental VBF Signatures
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-VBF topologies are selected by the presence of two VBF jets in the mid-forward region.-In hadronic Higgs decay, there typically exists two b or c tagged jets in the central region.

Candidate VBF Hbb Event at 13TeV



Analysis Strategy: Signal vs Background
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-Dominant background is non-resonant QCD which can be hard to model with MC.-NN is used to discriminate signal vs sideband data. Where sideband data is outside signal mass window 100<mbb<140 GeV.-An adversarial loss term is applied to ensure output of the model is completely decorrelated from mbb.



Adversarial Neural Network Output
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-Output scores of the ANN. Signal regions are defined by cutting on this score.
-As the strength of the adversary increases, 𝜆, the performance of the classifier slightly decreases.

-Sidebands in SR1 are less sculpted when 𝜆=10 which shows that the NN is decorrelated from mbb.

HIGG-2019-04
Better

Signal-Like

Background Scultping

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-04/


Low Score and High Score Regions
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-Low score region (left) and high score region (right) are determined by the output of the ANN.-The non-resonant background shape is determined from the data in low score region and the same shape is used in all higher score regions.-ANN is decorrelated from mass, so the non-resonant background shape remains unsculpted.

Eur. Phys. J. C 81 (2021) 537

https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8


ATLAS Run 2 Resolved VBF Hbb
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-Subtracting the non-resonant background, we can see resonant Z peak and Higgs peak.-Significance is slightly below 3𝜎 with dominant stat uncertainty.
Eur. Phys. J. C 81 (2021) 537

https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8


ATLAS Run 2 Resolved VBF Hbb + 𝛾
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JHEP 03 (2021) 268

-The VBF signal strength μVBF is 1.3±1.0 corresponding to an observed (expected) significance of 1.3 (1.0).-Combine VBF Hbb (previous slide) with VBF Hbb+𝛾 for an observed significance of 2.9𝜎!
Eur. Phys. J. C 81 (2021) 537

https://link.springer.com/article/10.1007/JHEP03(2021)268
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8


Summary of Current Results
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Table of Current Results in ATLAS and CMS
Observed ExpectedIntegrated Luminosity Signal Strength Significance Signal Strength SignificanceATLAS VBF Hbb Resolved Eur. Phys. J. C 81 (2021) 537 126 fb-1 0.95+0.38-0.36 2.6𝜎 1.0+0.38-0.37 2.8𝜎ATLAS VBF Hbb + 𝛾JHEP 03 (2021) 268 132 fb-1 1.3+1.0-1.0 1.3𝜎 1.0+1.0-1.0 1.0𝜎ATLAS VBF CombinedEur. Phys. J. C 81 (2021) 537 126 fb-1 0.99+0.36-0.34 2.9𝜎 1.0+0.36-0.34 2.9𝜎CMS VBF Hbb ResolvedJHEP 01 (2024) 173 91 fb-1 1.01+0.39-0.24 2.4𝜎 1.0+?-? 2.7𝜎CMS VBF Hbb BoostedJHEP 12 (2024) 035 138 fb-1 4.9+1.9-1.6 2.7𝜎 1.0+1.4-1.3 0.9𝜎

https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8
https://link.springer.com/article/10.1007/JHEP03(2021)268
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8
https://link.springer.com/article/10.1007/JHEP01(2024)173
https://link.springer.com/article/10.1007/JHEP12(2024)035


Summary of Run 3 Improvements
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New Inclusive VBF Trigger, Improvements in Flavor Tagging, and New Q/G Tagger



           Inclusive VBF Trigger
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-Inclusive VBF trigger imposes requirements on VBF jets without requirements on the Higgs decay.-Uses a delayed trigger stream to reconstruct events when resources allow it. Rates shown in table.-Allows for Hcc analsysis.-Full Run 3 will deliver large amount of statistics! TRIG-2022-01

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TRIG-2022-01/


     Flavor Tagging Improvements
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-The introduction of Graph and Attention based models in ATLAS has drastically improved c-jet and light-jet rejection.-ROC curves for b-jet efficiency showing background rejection for c-jet (solid), light-jet (dotted-dashed), 𝜏-jet (dashed). Major improvements over previous generation DL1d.

FTAG-2023-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2023-05/


     C-tagging Performance and Calibrations
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-New c-tagging calibrations for GN2 has allowed for a Run 3 VBF Hcc analysis!-ROC curves for c-jet efficiency showing background rejection for b-jet (solid), light-jet (dotted-dashed), 𝜏-jet (dashed).

FTAG-2023-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2023-05/


     Q/G Tagging Improvements
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ATL-PHYS-PUB-2023-032

-A Dynamically Enhanced Particle Transformer, DeParT, is trained on a Q/G tagging task. -DeParT outperforms other models on the Q/G tagging task. -DeParT maintains good performance across the entire pT spectrum.

https://cds.cern.ch/record/2878932/files/ATL-PHYS-PUB-2023-032.pdf


     Run 3 VBF Improvements
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(1) (2) (3)
Run 3 VBF analyses will benefit from improvements in:(1) New inclusive VBF trigger allowing for Hcc analysis.(2) Flavor Tagging improvements and new c-tagging calibrations.(3) Improved Q/G taggers to help suppress QCD background.



Conclusions
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-VBF topology is very unique topology that enables crucial SM measurements.-VBF measurements are often limited by statistics, and Run 3 will help deliver the statistics needed to probe the SM more precisely than ever before.
-A new dedicated inclusive VBF trigger, improvements in flavor tagging, and new c-tagging calibration opens up new potential for Run 3 VBF analyses.
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Low Cross Sections Processes
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-VBF topology allows for measurements of low cross section processes. -These measurements are statistically limited. Exciting time for Run 3!-Triggering on VBF/VBS topologies is crucial for Run 3 precision measurements.
VBF Higgs SignaturesVBF/VBS EWK Signatures

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/


CMS Run 2 Resolved
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JHEP 01 (2024) 173
The VBF signal is observed with a significance of 2.4σ. The expected significance is 2.7σ.

https://link.springer.com/article/10.1007/JHEP01(2024)173


CMS Run 2 Boosted
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-CMS performed a search for VBF Higgs produced with pT>450GeV.-DeepDoubleBVL-V2 (DDB) is used to perform Hbb tagging.-Signal strength for VBF and ggF is measured by year on Run 2 dataset. Large variations between years.

JHEP 12 (2024) 035

https://link.springer.com/article/10.1007/JHEP12(2024)035


Higgs Branching Ratios
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