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Overview
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ØThree VH(𝒒"𝒒) stand-alone analyses with full Run 2 dataset: 
• VH(𝑏"𝑏) resolved - Eur. Phys. J. C 81 (2021) 178
• VH(𝑏"𝑏) boosted - Phys. Lett. B 816 (2021) 136204
• VH(𝑐 ̅𝑐)  - ATLAS-CONF-2021-021, paper draft 

ØGoal of VH(𝑏%𝑏/𝑐 ̅𝑐) “legacy analysis”: design one coherent, 
harmonized approach to extract VH(𝑏%𝑏/𝑐 ̅𝑐) results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/


Analysis strategy
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• No overlap between VH(bb) resolved and VH(cc) analysis

• Possible overlap between VH(bb) boosted and VH(cc) analysis

• Simple combination strategy between VH(bb) resolved and VH(bb) boosted 

tested at the moment: 

• Use resolved analysis in 𝒑𝑻𝑽 < 400 GeV region 

• Use boosted analysis in 𝒑𝑻𝑽 > 400 GeV region 

• Add a split at 600 GeV 



Event selection
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Final state discussed 
in following slides.

VH(𝒃&𝒃) resolved
• ≥ 2 pFlow jets with exactly 

2 b-tags;
• 150 GeV < 𝑷𝑻𝑽 < 𝟒𝟎𝟎 GeV
(75GeV < 𝑷𝑻𝑽 < 𝟒𝟎𝟎 GeV in 2L)

VH(𝒃&𝒃) boosted
• ≥ 1 large-R calo jet;
• Leading large-R associated 

with at least 2 VR jets;
• 2 b-tags in the leading 3 

associated VR jets;
• 𝑷𝑻𝑽 > 𝟒𝟎𝟎 GeV

VH(𝒄"𝒄) analysis
• ≥ 2 pFlow jets;
• 2 leading jets c-tagged + not 

b-tagged
• 𝑃#$ > 150 GeV

(𝑃#$ > 75 GeV in 2L)



Event categorization
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Channel

Categories

400< 𝑝!" <600GeV 𝑝!" > 600GeV

0 additional b-tagged track 
jets:

Signal region

≥ 1 add. b-
tagged track 

jets

0 additional b-tagged track 
jets:

Signal region

≥ 1 add. b-
tagged track 

jets

0 add. 
small-R jets

≥ 1 add. 
small-R jets

top control 
region

0 add. 
small-R jets

≥ 1 add. 
small-R jets

top control 
region

0-lepton high purity low purity high purity low purity

1-lepton high purity low purity high purity low purity

2-lepton SR SR

Signal: ttbar:

(Feynman diagrams at leading order)



Multivariate analysis 
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• Multivariate analysis used since long time in VH(𝑏"𝑏) resolved analysis

• New: Introduce also in VH(𝑏"𝑏) boosted analysis and in VH(𝑐 ̅𝑐) analysis

• Baseline: Boosted Decision Tree (BDT) 

• Input variables in VH(𝑏"𝑏) boosted are inspired by information used in resolved MVA 

DL1r tagger
70% WP



MVA baseline settings: 1L as an example
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𝒑𝑻𝑽 > 𝟒𝟎𝟎 GeV

MiniNodeSize 5

MaxDepth 3

NTrees 200

nCuts 60

AdaBoostedBeta 0.35
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Boosted MVA fit
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Ø First results of the MVA fit in the boosted regime

Ø Fit performed in 𝑝!" > 400 GeV region 

• Split at 𝑝!" = 600 GeV

• HP SR and LP SR merged in 𝑝!" > 600 GeV 

• MVA training performed in 𝑝!" > 400 GeV,  but evaluated in 

400 GeV < 𝑝!" < 600 GeV and 𝑝!" > 600 GeV

Ø Preliminary studies considering the statistic only

Fit in 8 SRs and 4 CRs



Post-fit plots: 1L
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Cut-based analysis
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Ø Cut based strategy used in the standard alone boosted VH(𝑏"𝑏) analysis 

Same large-R jet cuts as 
MVA analysis

Ø Final discriminating variable is mJ, the leading large-R jet mass



post-fit plots: 1L (cut based)
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Significance: MVA vs. cut based
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cut based MVA MVA improvement

0-lepton fit 1.04𝜎 2.10𝜎 +102%

1-lepton fit 1.06𝜎 2.35𝜎 +122%

2-lepton fit 0.70𝜎 1.46𝜎 +109%

combined fit 1.64𝜎 3.48𝜎 +112%

(Significance are from statistic only maximum-profile-likelihood fit)



Summary
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Ø Introduced the VH(bb ̄/cc ̄) “legacy” analysis

Ø Showed preliminary results for MVA analysis in VH(bb) boosted regime

Ø MVA analysis significance improves 112% compared with cut based analysis

Ø Target date for publicaMon: Moriond 2023



Back up
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Post-fit plots: mJ vs. BDT (400_600GeV)
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Post-fit plots: mJ vs. BDT (𝑝!" > 600GeV)
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Multivariate analysis 
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• Multivariate analysis used since long time in VH(bb ̄) resolved analysis
• New: Introduce also in VH(bb ̄) boosted analysis and in VH(cc ̄) analysis

• Baseline: Boosted Decision Tree (BDT) 



Input variables data/MC (blinded)
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mJ and deltaR(b1,b2) are the most important two variables in the training.

More plots here: link

https://indico.cern.ch/event/1030812/contributions/4339000/attachments/2236969/3791896/Boosted_VHbb_1L_MVA_baseline_Missio.pdf


Input variable importance ranking
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MVA fit: Transformation parameter optimization
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Default：
Zs=3，Zb=2



mJ fit vs. MVA fit: MC stat relative error: 400_600 GeV (1L)
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mJ fit vs. MVA fit: MC stat relative error: 𝑝34>600 GeV (1L)
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0L post-fit plots: mJ vs. BDT (400_600GeV)
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0L post-fit plots: mJ vs. BDT (𝑝!" > 600GeV)
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mJ fit vs. MVA fit: MC stat relative error: 400_600 GeV (0L)
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mJ fit vs. MVA fit: MC stat relative error: 𝑝34>600 GeV (0L)
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2L post-fit plots: mJ vs. BDT (𝑝!" > 600GeV)
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mJ fit vs. MVA fit: MC stat relative error (2L)
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Breakdown
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mJ fit vs. MVA fit: Floating normalization 
comparison
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