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What is a VLQ?

* A vector-like quark’s left- and right-handed
charge currents are both non-zero in the
standard model symmetry group

Y I
L = U W+ WD) et = it g g
TR 3 +
 Chiral L = uyhd, R =0

° VLQ £L+ — ﬂL]/P:&L ;EH_ = ﬂﬂyﬁdﬁ

MICHIGAN STATE
UNIVERSITY




CATLAS

EXPERIMENT

Where do VLQ come up?

* Non-minimal SUSY extensions
 Warped or universal extra-dimensions
 Composite Higgs models

* Gauged flavor groups

e Little Higgs models
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Allowed charges and production
channels

* Qu=Ty35 Bz X35 Youys
e Leads to pair and single production channels

g VLQ

g VLQ
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How is the search going?

e LHC exclusions g VLQ

— CMS - pair production @ 7TeV g
* m(B->Wt) > 675 GeV
e m(T->Zt) > 625 GeV g VLQ
e m(X->Wt) > 645 GeV

— ATLAS - pair production @ 7 TeV q q
* m(B->Wt)>670 GeV W
e m(T->Wb) > 656 GeV
e m(X ->Wt) > 680-700 GeV

— CMS - @ 8TeV - Seen yesterday q VLQ

— ATLAS - @ 8 TeV - Seen here
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Abstract

A saarch is presenied o e producion of new beaey quads hiat decay to 3 £ boson and &
tirdgenataion Standad Wodel quak. In he case of 3 new darge 002 quark (T, the decsy
fargeted iz T —+ %, whilz b2 dzcay wrgeed or 3 naw cdharge —1)f2 quark (B) is B 4+ 26, The
szarch is paroimed with a datasst coresponding o 20,2 161 ofyge collisions =t =2 TeY eoordad
in 2012 with fiz ATLAS detecior at b GEFM Large Hadmon Colider. Saeced 2vents contain 2 high
ranvares monEnunn 2 boson canddate reconstuced fom 3 par of oppositdy chargad sama-
ey lepiors (2leckons o muors), and are aralyzad n o channels dained by the absence or
przs=nce of 3 hid lepion. Hadmonic jats, in paricular fiosse wih propari=s consistantwith he decsy
ofa hadron, ars also raquired 1o be present n szlected 2vente. Ciferantraquiremants are mads
on thejet acivity in he sventin omdar o 2rhance he sercitiyvly o gher ez quark pair producion
riedated by ha shong inte=acion, or sAinge producion madiatad by e dackowsak neracion. ko
sigrificant sicess of svents above e Sandard WModal 2:apeciadon iz obszreed, and e limits are
dativad on the mass of veciorlike Tand 2 quares undsr wariows banching mio hypoheses, azwell
as upper limits on he niegritide of elactoweak couplng paraneters.
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Z boson candidate preselection
> 2 central jets
pr(Z) > 150 GeV

Dilepton channel

Trilepton channel

= 2 leptons

> 3 leptons

> 2 b-tagged jets

> 1 b-tagged jet

Pair production

Single production

Pair production

Single production

Hr(jets) > 600 GeV > 1 fwd. jet — > 1 fwd. jet
Final discriminant
m(Zb) Hr(jets+leptons)
/
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Discriminating Variables

Final discriminant

m(Zb)

Hr(jets+leptons)

Fraction of events / 50 GeV
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Systematic Uncertainties

* Trilepton channel
— WZ+jets cross section = 50%*H,(lep+jet)/TeV
— ttV cross section =30%
* Dilepton channel
— JES, JER
— B-tagging
— Background cross sections
— Z+jets scaling
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Expected and Observed Limits
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Conclusions

* A non-model specific search is the best way to
approach VLQ analyses

* Fourth Generation VLQ are an interesting
gateway to many new physics models

* Their discovery could be used to move beyond
the standard model
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