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SM

● Higgs boson discovered at the LHC in 2012
● Multitude of precision measurements since

● H→bb decay preferred by Standard Model (SM) Higgs
● 4.5 million such decays in Run 2 ATLAS data!
● Yet observation of H→bb decay only in 2018

Today’s topic:
Overview of ATLAS H→bb analyses for different production mechanisms.

Introduction
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Resolved VH→bb: Selection

● Golden channel for SM H→bb 
● Several updates since first observation 

in 2018
● Use full Run 2 dataset
● Improved multivariate discriminant
● Signal region refinement to aid STXS 

measurement

● 14 signal regions
● n-channel x extra jet x PT

V

● 28 control regions
● Upper/lower ΔRbb bands of each SR
● Used as “1 bin” to normalize backgrounds

HIGG-2018-51

2x b-tagged jets
  at 70% WPPT,lead bJ > 45 GeV

0,1,2 lepton channels targeting
  ZH→ννbb, WH→lνbb, ZH->llbb
  (lepton = electron or muon)

PT
V = pT

l + MET
● vector sum
● MET used only when appropriate

Extra jet activity
for categorization

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
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Resolved VH→bb: Backgrounds

Background shapes are estimated using simulation, with 
normalization from sideband CR’s.

Exceptions: data-driven ttbar in 2-lepton and QCD in 1-lepton channels.

Simultaneous fit of BDT score distributions of analysis regions.
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Resolved VH→bb: Results

● VH→bb observed and SM-like
● 6.7σ in comb. fit (6.7σ expected)

● Was 4.9σ in previous result

● mbb fit used as cross-check
● sees 5.5σ excess

Stat and syst historically to track 
each other.

See backup for VZ→bb cross-check!

https://arxiv.org/pdf/1808.08238.pdf
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Resolved VH→bb: STXS Measurement
● Improved orthogonality in 

STXS bin and analysis regions
● Due to region binning in PT

V

● Used to set limits on dim-6 EFT 
operators

STXS bin
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Boosted VH→bb: Selection

● Extends VH→bb towards high pT

● Region interesting for BSM physics
● Recovers efficiency loss due to merged bb

● Variable cuts instead of BDT
● Two PT

V bins in each channel
● [250, 400): significant overlap w/ resolved
● [400, ∞): recovers efficiency of resolved

HIGG-2018-52

2x b-tagged
    VR track jets

R=1.0 (largeR) jet
    pT > 250 GeV

0,1,2 lepton channels targeting
  ZH→ννbb, WH→lνbb, ZH->llbb
  (lepton = electron or muon)

PT
V = pT

l + MET
● vector sum
● MET used only when appropriate

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
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Boosted VH→bb: Backgrounds

Background shapes are estimated using simulation, with 
normalization from mJ sidebands.

Exceptions: dedicated ttbar CR for 0,1-lepton; data-driven Multijet

Simultaneous fit of mJ distributions of 10 SR’s + 4 CR’s.
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Boosted VH→bb: STXS Interpretation

● Boosted analysis extends pT
Vt range above 400 GeV

● pT
Vt  250-400 GeV only included as a cross check, boosted is much weaker∈

● Also set limits on relevant dim-6 EFT operators

- resolved VHbb pT
Vt>250 GeV

- resolved VHbb pT
Vt>250 GeV (linear)
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VBF H→bb: Selection

● Second dominant production mode
● Still swamped by multijet background

● Adverserial NN for QCD rejection
●

● Decorrelates NN score from mbb

● Four ANNscore bins in each ηjet region

HIGG-2019-04

two b-tagged jets

see backup for
details on 
central/forward 
regions

photon and lepton (muon, electron) 
veto applied to remove overlap
with other Hbb analysis

at least
four jets

mjj,VBF > 800 GeV
  (central only)

pTbb > 150 GeVtwo b-tagged jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-04/
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VBF H→bb: Backgrounds

● Z→bb background with simulated b-jets embedded into real Z→μμ events
● Non-resonant background is an binned histogram of arbitrary shape

● Constrained to same shape in different ANNscore bins

Simultaneous fit of mbb distributions of 8 SR’s.
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VBF H→bb: Results

● Consistent with SM
● 2.6σ in combined fit (3.0σ expected)

● STXS measurement 

● Analysis is stat limited, but syst not far behind



July 26, 2021EPS202113

VBF H→bb + photon: Selection

● VBF is dominant channel for Hγ
● Z-fusion contribution is suppressed

● Allows direct measurement of W-fusion

● Suppresses multijet background
● BDT score split into 3 SR’s

● Trained to reduce non-resonant background

HIGG-2020-14

two leading jets
b-tagged at 70% WP

photon
    pT>30 GeV

lepton (muon, electron) veto applied 
to remove overlap with VHbb

at least four jets
pT>40 GeV

mjj,VBF > 800 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-14/
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VBF H→bb + photon: Backgrounds

Resonant backgrounds (V+jets) templates from simulation.
Normalization uncorrelated between signal regions.

Smooth function for non-resonant backgrounds.
Large amount of validation in high stats MC and mbb sidebands.
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VBF H→bb + photon: Results

● VBF Hγ consistent with SM
● 1.3σ in combined fit (1.0σ expected)

● Analysis is stat limited.

Region μZ μH*

LowBDT -1.3+1.2
-1.6 3.8+7.0

-8.3

MediumBDT 1.5 ± 1.1 3.8+2.5
-2.4

HighBDT 1.9 ± 1.2 0.7 ± 1.1

* special 3 PoI fit, not main result
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Combination: VBF H→bb + photon AND VBF H→bb

Combination is dominated by all hadronic analysis.

3.0σ observed for inclusive μbb (3.0σ expected)
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Boosted H→bb+jet

Analysis Goals (V→qq, H→bb)
● Inclusive measurement

● pT differential measurement (STXS)

● fiducial measurement (pT,truth>450 GeV)

At least one jet
  pT>450 GeV

signal je
t

2x b-tagged
    VR track jets

arXiv:1612.00283

Signal: bump in mJ at 125 GeV

ATLAS-CONF-2021-010

https://arxiv.org/abs/1612.00283
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-010/
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Boosted H→bb+jet: Backgrounds

Fit QCD with smooth function
● extensively validated in 0-btag region

W/Z + jets
● Shape from simulation
● Fully floating during fit (standard candle)
● Mostly Z+jets after b-tagging

ttbar
● Shape from simulation
● CRttbar for normalization
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Boosted H→bb+jet: Results

Fiducial

Inclusive

STXS
● Far from observing SM H→bb

● Also observe no deviations

● Very strong Z→bb peak
● Good validation of 

background estimation
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Conclusions

ATLAS has public results on H→bb in the three main production 
mechanisms using full Run 2 data.
● 6.7σ observation in VH!

● 2.1σ in analysis targeting high pTH regime 

● 2.6σ signal for main VBF H→bb

● 1.3σ signal for VBF+γ final state

● 3.0σ after combination

● Targets high pTH regime using boosted H→bb

● 0.3σ signal, but main motivation is BSM

Fiducial measurements in STXS bins provided.

See H. Yang’s talk on ttH→bb

https://indico.desy.de/event/28202/contributions/105926/
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BACKUP
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VH→bb BDT

New variables with respect
  to observation result
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Resolved VH→bb: Uncertainties

stat and syst are comparable
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VH→bb: VZ→bb cross-check

Same process, but BDT trained to enhance VZ→bb.



July 26, 2021EPS202125

Boosted VH→bb: Results

● Consistent with SM prediction
● 2.1σ in combined fit (2.7σ expected) 

Analysis starting to be syst limited!
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Boosted VH→bb: VZ→bb cross-check
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Boosted VH→bb: Uncertainties
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VBF H→bb: Full Selection
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VBF H→bb: Uncertainties
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VBF H→bb + photon: Uncertainties
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Boosted H→bb+jet: Fiducial and Inclusive

Inclusive Fiducial
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Boosted H→bb+jet: Differential

μH = the four main
production modes
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