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vector-like quarks
(VLQ)

doublet

• quarks!  colored, charged, spin 1/2

• vector-like:  same coupling to lh and rh currents 
  => mass terms without gauge inv. violation

• not constrained through Higgs boson measurements 
  (unlike chiral 4th-gen quarks)

• simplest colored extra-fermions allowed by data

• but why??
• common in non-SUSY SM extensions  

e.g. little Higgs, composite Higgs, warped/extra dimensions

• stabilize the Higgs mass

• solve the Hierarchy problem

• expected at TeV scale
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simplified model BR's =>

singlet

[10.1007/JHEP12(2014)097]
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Figure 4: Maximum single heavy quark production cross sections at the LHC with 8 TeV

(left) and 13 TeV (right), for selected quark multiplets. The dotted part of the lines

indicate the range of masses already excluded by direct searches. In the left plot, the

shaded area corresponds to cross sections below 1 fb, uninteresting for the luminosity

L ≃ 20 fb−1 collected.

The Y quark decays into W−b with 100% branching ratio, so the signal resulting from

its single production is Y b̄j → W−bb̄j, which may be distinguished from the production

of W + jets by the large Wb invariant mass and the presence of a forward jet. For T b̄j,

the T singlet decays into W+b, Zt and Ht with branching ratios around 0.5 : 0.25 : 0.25.

The resulting signal W+bb̄j should be visible over the W+ jets background; in the Zt

decay channel the leptonic Z mode gives a clean signal but with a small branching ratio

and the signal in the Higgs channel might be identified by requiring several b tags and a

forward jet. The same can be said about Bb̄j with B → Hb, Zb, which have branching

ratios around 0.5 : 0.5 for the (B Y ) doublet. More detailed studies of the LHC sensitivity

to single T production have been given in [73–75].

7 Effects in top couplings

Using the explicit expressions for the Lagrangians collected in Appendix A, the limits on

mixing angles presented in the previous section can be directly translated into constraints

contributions of different vector-like multiplets (and/or other types of new physics), as we have discussed

above. Whether the large mixings necessary to make these processes phenomenologically relevant are

compatible with precision electroweak data needs to be checked for each model of this kind.

17

3

vector-like quarks
(VLQ)

[1306.0572]

• production mechanisms:
• 'pair' through strong interaction

• 'single' through ewk (including arbitrary coupling modifier)
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1 Introduction
The discovery of a light Higgs boson in 2012 [1, 2] raised the question about the naturalness
of the Standard Model (SM) again. A cancellation of the loop corrections to the Higgs mass
without an immense parameter fine-tuning requires new particles at the TeV scale. While in su-
persymmetric theories, bosonic top partners (“stops”) serve this purpose, many other theories
like little Higgs [3, 4] and composite Higgs [5–8] models predict fermionic top partners. These
heavy quark partners predominantly mix with the third generation of the SM quarks [9, 10] and
have vector-like transformation properties (hence the term “vector-like quarks”) in the elec-
troweak interaction term of the Lagrangian. While a chiral extension of the SM quark familiy
has been excluded experimentally by precision electroweak measurements from electron-positron
collisions [11, 12] and by the measurement of Higgs-mediated cross sections [13], models with
vector-like quarks are still allowed by present experimental data.

In this analysis we search for pair-produced vector-like top partners (“T quarks”) in pp-collisions
at

p
s = 13 TeV with at least one charged lepton (electron/positron or muon/anti-muon) in the

final state. The search is carried out with the dataset that was recorded with the CMS detector
during the 2015 data-taking period. Many models in which vector-like quarks appear assume
that T quarks may decay to either a top quark and a Higgs boson, a top quark and a Z boson
or a bottom quark and a W boson [14] where the partial decay widths depend on the particular
model [15]. In this analysis, a model-independent search is performed and treat the branching
fractions to these three decay modes as free parameters. The search is designed to be most sen-
sitive for the cases where at least one of the T quark decays to a top quark and a Higgs boson
but also tests other final states and branching fraction scenarios. The strong production process
of a TT̄ pair and its decay modes are depicted in the Feynman graph in Fig. 1.

Searches for pair produced T quarks were already performed by both ATLAS and CMS atp
s = 8 TeV. Lower limits for the T mass have been obtained between 687 and 855 GeV for all

possible branching fractions of the three decay modes [16–18]. In this search, the focus is put on
masses above ⇠ 700 GeV where the decay products of the T quark have a large Lorentz boost so
that to the subsequent final state particles are often merged into a single jet with a large radius.
To resolve these cases and improve the sensitivity of this analysis, jet substructure techniques
are used that specifically aim at reconstructing Higgs boson decays to bb̄ where both b quarks
are reconstructed in a single large-radius jet.
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Figure 1: Representative Feynman diagram for production of a TT̄ pair with one T quark de-
caying to tH.

T excluded between  
600 and 1200 GeV
dep. on decay mode
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single T production

[1612.00999]
https://arxiv.org/abs/1612.00999

https://arxiv.org/abs/1612.00999
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• 2.3 fb-1 @ 13TeV (recorded in 2015)
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triggers with non-isolated leptons:
• electron pT > 45 GeV,  2 jets pT > 200 (50) GeV 

• muon pT > 45 GeV
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[10.1007/JHEP05(2014)146]

[10.1007/JHEP06(2015)080]
[CMS-PAS-BTV-13-001]
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• 95% CL cross section incl. BR(T => tH)

• using bayesian inference

• coupling modifier c = 0.5

• more data needed to probe simplified model
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• vector-like quarks
• appear in non-SUSY SM extensions that

• stabilize the Higgs mass / solve hierarchy problem

• not constrained through Higgs measurements

• VLQ search
• T single production

• https://arxiv.org/abs/1612.00999

• exiting times are ahead!
• VLQ's are expected to be at the TeV scale

• the large sample of data from 2016 will provide much increased sensitivity
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vector-like quarks
(VLQ)• quarks!  colored, charged, spin 1/2

• vector-like:  same coupling to lh and rh currents 
  => mass terms without gauge inv. violation

• not constrained through Higgs discovery 
  (unlike chiral 4th-gen quarks)

• simplest colored extra-fermions allowed by data

• but why??
• common in SM extensions e.g. little Higgs,  

composite Higgs, warped/extra dimensions

• solve the Hierarchy problem

• stabilize the Higgs mass
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