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The VH,Hàbb Process

n Higgs boson (mass = 125 GeV) decays to  
bottom quarks account for more than half 
of all Higgs boson decays!

n However, production of (b-)jet background 
abundant in pp collisions

n VH production with Vàleptons decays
n Leptons as trigger signature
n Suppression of multi-jet events

n Hàbb decays observed (~7𝜎 in latest 
VH,Hàbb measurement)                         
à transition to precise measurements 
of VH production in Hàbb channel
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+ VH,Hàbb Candidate Events

Elisabeth Schopf

Missing transverse energy 
(=neutrino candidate)

V and H “back-to-back” à pTV (~good experimental resolution) as proxy 
for pTH (~bad experimental resolution)

3

ZHàllbb
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electron

electron

b-jet
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+ VH, Hàbb Signatures

3 V boson decay channels targeted: 
ZHàννbb (“0-lepton”), WHàlνbb (“1-lepton”), ZHàllbb (“2-lepton”) 

Jargon Alert: “Lepton” = lepton directly visible in detector = muon or electron

q

q H

W,Z leptons q

q H

W,Z leptons

2 resolved jets 
(radius R=0.4)

jets merge à 1 large jet 
(R=1.0) with substructure
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pTV

Recently ATLAS performed the first combination of resolved 
VH,Hàbb and boosted VH,Hàbb measurements! (ATLAS-CONF-2021-051)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Event Selection

q

q H

W,Z leptons q

q H

W,Z leptons

0/1-lepton: pTV > 150 GeV
2-lepton: pTV > 75 GeV

0/1/2-lepton: pTV > 250 GeV
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ZHàννbb               
0 electrons or muons 
large amount of ETmiss

WHàlνbb                 
1 electron or muon

ZHàllbb
2 electrons or muons
mll consistent with mZ

Exactly 2 b-tagged R=0.4 jets 
(more non-b-jets allowed)

≥1 R=1.0 jet 
(highest pT jet = H candidate)

Inside large-R jet: reconstruct small  
track-based jets for b-tagging

+ more requirements for multijet suppression in 0 lepton and background suppression in boosted analysis
23.11.2021Elisabeth Schopf



+ Combination Strategy
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n Combination based on two 
stand-alone VH,Hàbb results:
n Resolved*: Eur. Phys. J. C 81 (2021) 178

n Boosted*: Phys. Lett. B 816 (2021) 136204

à Significant overlap of analysis 
phase spaces

à Switch between resolved and 
boosted at pTV = 400 GeV

n General analysis strategies 
(selection, control regions, 
discriminant) unchanged

n Slight adjustments in treatment of 
background normalisations (determined 
from data) and systematic uncertainties

pTV < 400 GeV
Resolved only
(blue+green)

pTV > 400 GeV
Boosted only
(yellow+green)

*full ATLAS Run-2 data set used (139 fb-1)

ATLAS-CONF-2021-051

https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269321001441
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Measurement Categories
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n 3 pTV categories in 0/1-lepton and 4 pTV categories in 2-lepton 

à Main measurement aim: extract WH and ZH cross section as a 
function of pTV as defined by the STXS framework (templates of x-sec 
based on bins in pT

V on particle (“truth”) level)

n Split by jet multiplicity to define high S/B and low S/B categories

n Dedicated control regions to constrain main backgrounds

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Resolved Analysis Discriminant 
Distributions (Selection)
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Multivariant discriminant (based on BDTs) for enhanced signal-
background separation

0-lepton 1-lepton 2-lepton

Main backgrounds: Z(νν/ll)+jets, W(lν)+jets, top quark pairs (tt)
Sub-leading backgrounds: single top quarks (Wt, t), V boson pairs (diboson), multi-jets

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Boosted Analysis Discriminant 
Distributions (Selection)
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Invariant mass of the highest pT large-R jet (=Higgs candidate jet)

0-lepton 1-lepton 2-lepton

Main backgrounds: Z(νν/ll)+jets, W(lν)+jets, top quark pairs (tt)
Sub-leading backgrounds: single top quarks (Wt, t), V boson pairs (diboson), multi-jets

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Results
WH/ZH signal strengths (𝜇 = observed/expected number of 

signal events):
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STXS measurements 
statistically limited (but for 

pT
V<250 GeV contribution from systematic 

uncertainties of comparable size)

Largest sources of 
uncertainties: modelling of MC 
backgrounds, b-tagging, large-

R jet calibration

Compatible 
with SM

Most precise VH STXS measurement to date!

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Beyond Standard Model 
Interpretation: Anomalous Couplings

Consider anomalous VH,Hàbb couplings in an extension of 
the SM Lagrangian (SMEFT approach): 

Coupling modifiers
(ci=0 in SM) 

Dimension d 
operatorsDimension 

(consider up to d=6) Scale of new physics 
(set to 1 TeV)

n14 operators affect ZH,Hàbb and 7 affect WH,Hàbb
n Aim: benchmark VH,Hàbb combination by setting limits on 3 

coupling modifiers with large pTV dependence
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+ EFT Interpretation Results
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Impact of EFT modifiers on STXS 
cross sections:

Large impact at high pTV
à dedicated high pTV analysis 
categories provide additional 

constraining power

VH,Hàbb combination 
improves on EFT limits of 

stand-alone analyses!

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Summary
n VH,Hàbb channel offers unique opportunity to measure 

VH production with good precision and reach high pT which 
is particularly sensitive to beyond SM effects

n First combination of VH,Hàbb measurements to measure 
WH and ZH cross section as function of pT

V:
n “Resolved”: two well separated b-jets from Higgs boson decay 
à high precision

n “Boosted”: b-jets from Higgs boson decay merged in single 
large jet à extending reach at high pTV

n Most precise WH and ZH STXS measurements to date

n Improved limits on EFT coupling modifiers compared to 
stand-alone analyses

n All measurements in good agreement with SM
23.11.2021Elisabeth Schopf
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Backup
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+ Detailed Selection (Resolved)
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HIGG-2018-51

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/


+ Detailed Selection (Boosted)
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HIGG-2018-52

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/


+ Resolved MVA Set-up
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Boosted decision trees (as 
provided by TMVA framwork) used 
as machine learning algorithm

Elisabeth Schopf

HIGG-2018-51

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/


+ Analysis Regions (Resolved)
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From stand-alone analysis!

HIGG-2018-51

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/


+ Analysis Regions (Merged)
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From stand-alone analysis!

HIGG-2018-52

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/


+ Background Normalisations
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Background normalization factors 
(determined from data)
à Adjusted for combination
à Additional acceptance uncertainties 

across dashed lines

ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ STXS Results Compared with 
Stand-Alone Analyses
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ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ STXS: Impact of Uncertainties
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ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


+ Detailed EFT Interpretation 
Results
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ATLAS-CONF-2021-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/

