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Outline

Introduction on top partners/vector-like quarks

Searches for pair production of VLQ T
● Search for TT → Ht
● Search for TT → Zt
● Search for TT → Wb

Search for single production of VLQ Y
● Search for Y → Ht
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From top partners to VLQ

... then interpreted in terms of a SO(5)→SO(4) symmetry breaking (or larger), 
with various representations for collider phenomenology.

What are vector-like quarks ?
→ a « top partners » benchmark in the context of strongly coupled models

... originaly from holographic Higgs model 
from warped extra dimensions.
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Vector-like Quarks

What are vector-like quarks ?
→ a « top partners » benchmark in the context of strongly coupled models
→ which stabilize the Higgs mass and solve the hierarchy problem thanks to 
strongly coupled dynamics in the extended symmetry.
→ they have a Dirac mass without the Higgs (before EWSB) 

 
→ their couplings to the SM fields is of Yukawa-type.

→ presented in singlets/doublets/triplets/fourplets depending on the model.

→ usually consist of 

The VLQ implementation fixes the maximal strength of the couplings to SM.

Lmass∼−M (ψ̄L ψR+ψ̄R ψL)

LYuk∼
−λ v

√2
( q̄L ψR−ψ̄R qL)

T , B , T2 /3 , T 5/3 , Y−4 /3 ...
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VLQ : production and decays

Two production modes : 

→ QCD pair production : essentially mass dependent
→ EW single production : scales with the coupling 
(model dependent)

Low mass = pair production mainly
High mass = single production becomes sizable/dominant

1512.04356

Single production 
(other model)

Pair production
Single VLQ production

VLQ decay via charged and neutral currents to 
the 3rd generation : the heavier the SM quark is, 
the larger its coupling to VLQ is.
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Search for TT→Ht+X      (13.2 fb-1)

Aiming for both 0 or 1 lepton final states for T→Ht+X,  
4top productions and ttH.

ATLAS-CONF-2016-104

Angular distance between MET and the 4 leading 
jets : removes completely QCD background.

SM backgrounds simulated using MC.
In 1-lep, the multijets contribution 
with an additionnal fake lepton is 
estimated with a data-driven method.

Signal regions cuts : 
● Jet multiplicity
● b-tag (77%) multiplicity
● mass-tag multiplicity

(R=1.0, m>100 GeV, pT > 300 GeV)
● kinematic variables

1-lepton

0-lepton
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Search for TT→Ht+X      (13.2 fb-1)

Further discrimination using meff  (scalar sum of all pT)
ATLAS-CONF-2016-104

1-lepton 0-lepton

Main sources of systematic errors : 
● tt+jets normalization
● b-tagging, c-tagging, light-jet tagging
● QCD data-driven method

Fitting the meff distribution helps to constrain 
systematics.
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Search for TT→Ht+X      (13.2 fb-1)

Combined result between 0 and 1 leptons signal regions
ATLAS-CONF-2016-104

Recasts for other BR done by 
reweighting separately the signal 
MC samples.

Observed (expected) lower mass limits in GeV
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Search for TT→Zt+X  (36.1 fb-1)

Analysis optimized for T→Z(νν)t , 1 lepton CERN-EP-2017-075

Use of mT
W to reject ttbar 1L and W+jets.

mT2 tries to estimate the masses of 
particles which produce the MET.

Preselection : 
MET > 300 GeV, at least 4 jets and 1 b-jet, 
angular separation between jets and MET.
MT

W > 30 GeV (170 GeV for the signal region)
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The main systematics are : 
● tt modelisation
● VV scales
● Jet energy scale/resolution
● Flavour tagging

CERN-EP-2017-075

Events are reweighted to scan 
different BR choices and compute 
95 % CL inferior mass limits.

Search for TT→Zt+X  (36.1 fb-1)

Top VR W VR Single Top VR

The background normalizations are 
fitted in control regions and checked 
in validation regions.
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Search for TT→Wb      (36.1 fb-1)

1 lepton channel, also sensitive to B→Wt. CERN-EP-2017-094

Very efficient for T Worse mass resolution for B

Preselection : 
at least 3 jets, 
≥1 b-tag, 
MET ≥ 60 GeV
≥1 hadronic W candidate

A reconstruction of the hadronic and leptonic T 4-momenta is 
done using lepton, MET and jets minimizing |∆m|.



Romain Kukla  –  Search for vector-like quarks   –    SUSY17   12/19

Search for TT→Wb      (36.1 fb-1)

The angular separation between the lepton and the MET, as well
as the scalar sum of lepton and jets pT are used to define control / signal regions.

CERN-EP-2017-094

Signal tt background

All SM backgrounds are simulating using MC apart from the fake lepton coming from 
QCD multijets processes for which the data-driven matrix method is used.

Main systematics : W+jets and data-driven QCD normalizations, tt modelling, JES, JER
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Search for TT→Wb      (36.1 fb-1)

mT
lep is used to test for the presence/absence of signal.

CERN-EP-2017-094

As the charge of the VLQ was not used, these BR(Wb) or BR(Wt) = 100 % 
can be used for limits on XX and YY production.   (1250 GeV and 1350 GeV)
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Search for single Y      (3.2 fb-1)

ATLAS-CONF-2016-072

Analysis optimized for single T/Y→Wb 

In addition to mass, the coupling changes the width 
and the kinematics.
Here, cL=cR=0.5

Targeted topology : single lepton, one high pT b-
tagged jet (350 GeV) and large MET (120 GeV)

Veto on any additional hard jet to remove ttbar 
events. Cut on angular separation between the 
lepton and the leading b-tagged jet.
+ one forward jet criteria.
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Search for single Y      (3.2 fb-1)

ATLAS-CONF-2016-072
The VLQ mass is reconstructed using its decay objects.

Several benchmarks are fitted (3 couplings values) and 
exclusion limits are extracted using the CL method.

Main systematics : flavour tagging, JES, resolution, MET 
reconstruction, multijet data-driven method
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Conclusion

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

VLQ searches is a very rich program in ATLAS
with dedicated analyses for each channel

Next step : combinaison of these results and
studies on new channels.

No evidence for VLQ production at the LHC. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
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Search for BB, TT, XX      (3.2 fb-1)

2 same-sign leptons or 3 leptons
Main SM background from MC, 2 data-driven methods for fake/non-prompt 
leptons and electron charge flip processes.

ATLAS-CONF-2016-032

Signal regions defined using a 
categorisation using MET, HT, 
jets and b-tagged jets 
multiplicities to probe different 
final states.
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Search for BB, TT, XX      (3.2 fb-1)

ATLAS-CONF-2016-032

Main systematics for data-driven : 
● electron charge flip 25 %
● Fakes/non-prompts 54 %

Limits are computed using the 
combined signal regions, for BB, TT 
and XX. For B and T, the samples 
are reweighted to probe other Brs, 
but the overall limits are weaker than 
the 1 lepton analysis.
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