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vector-like quarks

quarks! colored, charged, spin |/2
vector-like: same coupling to Ih and rh currents

not constrained through Higgs boson measurements

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
: doublet ‘:
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simplified model BR's => 50% 50%

[10.1007/JHEP12(2014)097]



vector-like quarks

production mechanisms:
'pair' through strong interaction

. T excluded between
=> 600 and 1200 GeV
dep. on decay mode

W, 7, H
b, t

'single’ through ewk (including arbitrary coupling modifier)
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single | production

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



https://arxiv.org/abs/1612.00999

b single | production

T ¢ (leptontjet)
Wz

\
\

jf\\ "I (to bb)

? (forward jet)

2.3 ' @ 13TeV (recorded in 2015)



single | production

soft-drop AKS8 jet
AK4 jet 90 < My < 160 GeV

4

pt > 50 GeV

triggers with non-isolated leptons:

electron pt > 45 GeV, 2 jets pt > 200 (50) GeV
muon pt > 45 GeV



single | production

soft-drop AKS8 jet
AK4 jet 90 < My < 160 GeV

4

pt > 50 GeV

pick best combination by:
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soft drop groomer: iteratively
removes subclusters not satisfying

min (PT1 pTQ) AR12
> Zcut
PT1 + P12

Undo
clustering

[10.1007/JHEP0O5(2014)146]

subjet b tagging: apply
b tagging directly to the
subjets found by the groomer

[CMS-PAS-BTV-13-001]
[10.1007/JHEP06(2015)080]

higgs tagging

jet substructure



b single | production

(leptontjet)

Higgs boson candidate mass
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N subjet b tags
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single | production

N subjet b tags

control
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single | production

(leptontjet)

\ o (to bb)

q

2.3fb’ (13 TeV)
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more data needed to probe simplified model
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summary



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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backup



vector-like quarks

quarks! colored, charged, spin /2 (VLQ)
vector-like: same coupling to |h and rh currents

not constrained through Higgs discovery

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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vector-like quarks

quarks! colored, charged, spin |/2
vector-like: same coupling to Ih and rh currents

not constrained through Higgs discovery

simplest colored extra-fermions allowed by data

but why??
common in SM extensions e.g. little Higgs,
composite Higgs, warped/extra dimensions [JHEP 08 (2015) 105]
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N subjet b tags
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