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VBF H production: ~4 pb

VH production x leptonic BR: ~0.5 pb

µVH = 0.63+0.39-0.37 µVBF = -0.8±2.3

VH and VBF

Run 1 sensitivity

• VBF mode: marginal contribution to 
overall sensitivity for H->bb, despite the 
much larger production rate.
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Run 1 results

µVBF = -0.8±2.3 0.6% 
acceptance

HIGG-2014-12

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-12/


4

• Improve acceptance 

• Use anti-b-tagged data to build background template  
• dedicated prescaled triggers w/o b-tagging

VBF analyses

sidebands
unprescaled trigger 
j80_btight_j60_bloose_j45_320eta490 

support prescaled trigger 
j80_0eta240_j60_j45_320eta490 

• Improve bckg discrimination
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The Vector Boson Fusion signature

• Forward jets
• Jet type (quark/gluon)
• Color flow/rapidity gap
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The Vector Boson Fusion signature

• Forward jets
• Jet type (quark/gluon)
• Color flow/rapidity gap
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tracking coverage
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Suppression of forward pileup jets

pileup jet

z

jet pair
VBF jet

VBF jet

X

Δηjj Δηjj

VBF signal

• The capability to reject forward pileup 
jets mitigates the loss in sensitivity at 
high luminosity. 

• Direct application in VBF analyses of 
our expertise in pileup rejection.

ATL-COM-PHYS-2016-336

increasing pileup

VBF H->𝜏𝜏

loss in  
sensitivity

+40%

https://cds.cern.ch/record/2144377


X
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The Vector Boson Fusion signature

• Forward jets
• Jet type (quark/gluon)
• Color flow/rapidity gap

Z+(gluon) jets background

No gluons in 
VBF final state



gluon-like

quark-like

• Developed a likelihood tagger to discriminate between quark-initiated and 
gluon-initiated jets in Run 1.
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Quark/gluon tagging

Eur. Phys. J. C (2014) 74: 3023
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tracking coverage

• Extending q/g tagging to fwd 
region using calorimeter towers

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-02/
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The Vector Boson Fusion signature

• Forward jets
• Jet type (quark/gluon)
• Color flow/rapidity gap
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Color flow

Physics Letters B (2015) 475-493

• Use color flow features to identify H->bb singlet and suppress g->bb QCD 
background.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-09/
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Color flow/rapidity gap

b-jet

b-jet

Higgs decay

VBF jet

VBF jet

HTsoft: sum of pT(tracks) not associated to jets and away from the Higgs decay.

• The VBF jets are color connected to the incoming partons. 
• Suppressed QCD activity in the rapidity gap. (ggF vs VBF!) 
• Studied and introduced in ATLAS approach of using tracks away from Higgs 

decay products (used in CMS Run 1 results).
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Triggering VBF hadronic final states

• VBF+hadronic final states challenging to trigger: 
• many low pT jets 
• very similar to QCD background+pileup 
• acceptance limited by pT thresholds at L1 40 MHz trigger. 

• Designed VBF H->bb trigger strategy for 2016+ data-taking 
• +100% acceptance enhancement wrt baseline menu after analysis 

selection (0.25%—>0.5%). 
• Dedicated trigger signatures (HT,mjj) exploiting the potential of the 

new L1 topological trigger will be implemented in 2017.

Baseline menu

4 central jets

dedicated VBF triggers

2 central + 1 fwd jets 1 central + 2 fwd jets

~60% ~15%~20%

~same as Run 1 despite harsher conditions
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VBF H production: ~4 pb

VH production x leptonic BR: ~0.5 pb

VH and VBF

For clean (e.g. soft lepton or photon, 
not useful for trigger) Higgs final state, 
VBF mode competitive if >10% trigger 
acceptance.
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Exploit VBF H(bb)+gamma triggers

2015 
2016

2015: 
20 GeV tight photon + 3 jets 
2016: 
25 GeV loose photon + 3 jets

photon isolation suppresses 
low mass acceptance

trigger acceptance

Current dataset promising for high mass search.  
Dedicated trigger needed to enhance low mass.

10%

http://xxx.lanl.gov/abs/hep-ph/0703247

http://xxx.lanl.gov/abs/hep-ph/0703247
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Exploit VBF H(bb) triggers

     

   

For 2017 and beyond with topological VBF H(bb) triggers. 
Probably requires higher trigger acceptance to complement search in VH 
production (to be studied).
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