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VH(bb/cc) legacy analysis (INT note) is a combined measurement for resolved VH(bb), 
boosted VH(bb) and VH(cc) analysis based on MVA method.

• This talk will focus on the resolved + boosted VH(bb) measurement

• Resolved and boosted VH(bb) split by 𝒑𝑻𝑽

• Resolved VH(bb) and VH(cc) split by FTAG

• Overlap between VH(cc) and boosted VH(bb) is negligible
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Analysis overview

https://cds.cern.ch/record/2743096


• Paper: Resolved VH(bb) analysis
• Paper: Boosted VH(bb) analysis
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Previous publications
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CONF note: resolved + boosted combination 
(split at 400 GeV, cut-based in boosted)

Resolved VH(bb)

Boosted VH(bb)

combination

https://inspirehep.net/record/1805282
https://inspirehep.net/record/1810348
https://www.google.com/url?q=https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/&sa=D&source=editors&ust=1699901150967958&usg=AOvVaw1lD5vML46wwfERtfDyRgzy


All analyses have 3 channels depending on the number of leptons in the vector boson 
(𝑊,𝑍) decay final state:  𝒁 → 𝝂𝝂 (0-lepton), 𝑾 → 𝒍𝝂 (1-lepton), 𝒁 → 𝒍𝒍 (2-lepton) where 
𝒍 = 𝒆, 𝝁	(and 𝝉𝒉𝒂𝒅 in 1-lepton)
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Targeted final state
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Backgrounds
0-lepton 1-lepton 2-lepton
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Main backgrounds:
• W+jets: W+hf (bb, cc); W+mf (bc, bl, cl); W+lf (ll) → 0L & 1L main background
• Z+jets: Z+hf (bb, cc); Z+mf (bc, bl, cl); Z+lf (ll) → 0L & 2L main background
• Top: ttbar and stopWt ; split into Top(bb) and other components → 0L & 1L main background

Other small backgrounds:
• stop: single-top s- and t-channel
• Diboson: VZbb/cc is also measured in the analysis to validate the analysis strategy/ prove the 

robustness of the results.
• Multi-jet (only non-negligibel in 1L)
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Object selection: leptons & MET
Electron and muon selection requirements:
• Event categorizations accroding to the number of VH-loose lepton (electron and muon)

tau selection requirements:

• Switching to RNN ID for hadronic tau identification. The loose working point of RNN ID 
have the same jet rejection power as BDT ID used in previous analyses, but provides
around 10% higher tau efficiency.

MET reconstructed using a track-based soft term (TST) in addition to the hard terms arising
from leptons and jets.

(In this slides, the orange color indicates the difference/improvemennt compared to the previous analysis)



Small-R jets: calorimeter jet collection with R=0.4

• Switched to PFlow small-R jets, previously used EMTopo jets
• 1-3% improvement on di-jet mass resolution

• Used to reconstruct the Higgs candidate for VH(cc) and resoved VH(bb), and used in the 

event categorisation to improve the signal sensitivity for boosted VH(bb)

• Small-R jets selection requirements:
• Tight jet cleaning is used, loose WP used previously
• Leading signal jet 𝑝& > 45 GeV

• Loose fJVT now applied by default for pile-up rejection,

not used in previous analyses
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Object selection: Small-R jets
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Large-R jets: calorimeter jet collection with R=1.0

• Used to reconstruct the Higgs candidate for boosted VH(bb)

• Large-R jets selection requirements:

• Large-R jet with in-situ calibration

Track-jets: AntiKtVR30Rmax4Rmin02TrackJets

• Used to reconstruct the b-tagged objects inside the large-R jet and in the event

categorization to construct a top enriched control region.

• Track-jets selections: p' > 10	GeV, 𝜂 < 2.5
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Object selection: Large-R jets and track-jets

(The standard object overlap removal procedure is used in this analysis.)
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Resolved VH(bb) and VH(cc) analysis: pseudo-continuous flavour tagging scheme (PCFT)
• b-tagging WPs: DL1r 60%, 70%
• c-tagging WPs: DL1r tight, loose WPs

Boosted VH(bb): 
• b-tagging WP: DL1r 85% 
• Xbb tagger shows very similar performance with DL1r
• Corss checked using the Xbb tagger calibration strategy, that the the close-by 

effects of DL1r are negligible. 
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Flavour tagging overview



10

Event Selection
Resolved VH(bb) & VH(cc)

Boosted VH(bb)



11

Event categorization: pTV & nJet
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Event categorization: Δ𝑅 control region 

Top(0L/1L)
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Control regions: top control region
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Modelling: MC samples
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Modelling: strategy
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Fit overview
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Postfit plots
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Expected results

VH(bb/cc) expectCombination CONF note Expected reduction of Syst.
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0.92+0.29   0.69−

0.76+   0.50−
0.53+             (            )         ,

0.39−
0.40+0.97   0.36−

0.36+   0.14−
0.17+             (            )         ,

0.33−
0.35+1.06   0.27−

0.27+   0.19−
0.22+             (            )         ,

0.72−
0.74+0.98   0.51−

0.52+   0.51−
0.53+             (            )         ,

0.82−
0.92+1.54   0.72−

0.77+   0.40−
0.49+             (            )         ,

0.38−
0.41+1.10   0.34−

0.35+   0.18−
0.20+             (            )         ,

0.52−
0.52+0.70   0.33−

0.34+   0.39−
0.39+             (            )         ,



19

Summary

• Today’s talk covered physics objects, event selection and categorisation, MVA, general

background modelling strategy and an quick overview of the fit

• The second unblinding approval talk is coming soon.

• A more detailed discussion about background modelling , fit model and expected

results
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Backup
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Main deliverables
The expected deliverables for the VH(bb) process are:

• Inclusive signal strength (𝜇()** ) and significance

• Signal strengths for WH(bb) / ZH(bb) signals (𝜇+)** , 𝜇,)
** )

• Fiducial STXS measurement in different pTV & nJ bins

• Constraint on the Higgs-bottom coupling modifier 𝜅*
• Effective Field Theory (EFT) interpretation for VH(bb)

The expected deliverables for the VH(cc) process：

• Signal strength of the VH(cc) signal (𝜇()-- )

• Expected and observed upper limit (at the 95% CL) on VH(cc) process

• Constraint on the Higgs-charm coupling modifier 𝜅- and the ratio 𝜅-/𝜅*
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Analysis regions overview
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Xbb performance: DL1r vs. Xbb (link)

0L signal effieiency 
(DL1r/MV2c10 @ 70%WP)
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https://indico.cern.ch/event/1069930/contributions/4499003/attachments/2301634/3915186/Xbb_VHbb_0109.pdf
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Xbb performance: DL1r vs. Xbb

MVA significance comments

0L Similar for 50% and 60% 70% WP a bit worse (~3%) inn 400_600 GeV
~10% wores than DL1r with bin_DL1r used in the training

Similar with DL1r without bin_DL1r

1L Similar for 50% and 60% ~4% lower than 70%, mainly in LP SR
~10% wores than DL1r with bin_DL1r used in the training

Similar with DL1r without bin_DL1r

2L Similar for all 3 WPs Similar with DL1r with bin_DL1r in the training

DL1r@85% VS. Xbb [MVA] 

DL1r@70% VS. Xbb [mBB] 
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DL1r close-by effect study

DL1r 60%WP DL1r 70%WP

DL1r 77%WP DL1r 85%WP

Follow the Xbb ttbar calibration strategy:
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MVA overview
• The VH(bb/cc) analysis inherits the BDT method from the previous resolved VH(bb) and 

extends its usage to the boosted VH(bb) and VH(cc) regimes.
• Boosted VH(bb): significance +~50%
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MVA: Overtraining check
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MVA: hyperparameters 
• The hyperparameters of the BDTs have been optimized per region of for each leptonic

channel to reduce overtraining and maximize the BDT statistic only significance.
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• The originlal BDT distribution have 500 equidistant bins. A transformation D* is
adpoted for BDT rebining to improve sensitivity.

• The parameters of transformation D are optimized to ensure enough statistics in each
bin and at the same time ensuring sensitivity to signal.

MVA: output transformation

*Formula used for transformation D is: 
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MVA: new variables
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MVA: new variables
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CARL re-weighting technique
• Re-weighting: take events sampled from the nominal 

and re-weight them event-by-event to make the re-
weighted distribution looks like the alternative.
• Motivated by low statistics of alternative sample

• CARL is a re-weighting technique based on DNN
• Simultaneously reweight multiple variables, and 

correlations between them are considered
• Important as now SRs fitted with BDT
• Replace the previous BDTr technique

• The output of the neural network D(x) approaches 
probability that event is alternative

Top panel: 
• Green: Nominal (Sh2.2.11) sample
• Red: Alternative (Sh2.2.1) sample
• Orange: reweighted nominal
Middle panel: ratios
• Green (Black): ratio of alternative (Nominal * CARL) over the nominal
• Orange: ratio of Nominal * CARL over the alternative sample --> should be at 1
Bottom panel: residual = (ratio - 1)/relative error
• Green: residual of nominal
• Orange: residual of Nominal*CARL --> should be at 0
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Breakdown


