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Introduction

 Motivated by the discovery of
the Higgs boson

- Which mechanism stabilizes the
Higgs mass?

« Composite Higgs model el S I L I I R L

+ Models with extra dimensions AN - %_1?
- j

« Little Higgs model

» All these models predict heavy vector-
like quarks

g
. © 1op .
« Vector-like quarks (VLQ): : o *
- Spin — % particles i’
- Left- and right-handed components i .
transform in the same way under the 10" 200 00 ‘800 700 1200 7400 1600 1800 2000
standard model symmetry group Mg (GeV) arxiv: 1306.0572

— Various particles: T (+2/3), B (-1/3),
X (+5/3), Y (-4/3)

- Production: single or pair production

- Single production can become
dominant at high VLQ masses



Introduction
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B/X
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Search for single vector-like
B/X_.. quarks

5/3



Search for single vector-like B/X, . quarks

Selection

» 1 Muon (Electron) with p_> 55 (120) GeV
« 2 AK4-Jets with p_> 50 GeV
1 AK8-Jet with p_> 175 GeV

MET > 50 (60) GeV
MET + lepton: HTLeIo > 240 (290) GeV

q

leptonically decaying W boson

hadronically decaying W boson




Search for single vector-like B/X,, quarks

Event reconstruction : q
with top tag

had. top quark

lep. W boson
MET <@ = o . -

Lepton Top tagged Softdrop Ak8 jet

AR > 2



E ) Search for single vector-like B/X, . quarks
without top tag
had. top quark \

lep. W boson

MET

> had. top quark
Lepton >1 jet
Jet permutations
Discriminator to chose best permutation: )
> _(met,—m) (3.14—AR(t0Pseco, Wiewo))” , (1= pr /D7)’
X had. top ™ top + AR + Pr
mass 0 O
lep. top quark
r had. W boson /
had. W b
a W je(:son ) MET
Jet permutations \ W boson
X Lepton
Discriminator to chose best permutation:
2 _<mf‘2}c)o_mtop)2 <m¥co_mw)2 (3'14_AR<t0precoawreco))2 (l_pl‘/}//p;?p)z 8
Xlep.top_ top + O_W + O_AR + O.PT

mass mass



Events

Data/MC
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Search for single vector-like T quarks

CMS Preliminary 35.9 fb~! (13 TeV)
T T

- - Bb, ¢, =1.0, BR(tW)=50% Workin
— - Bb, ¢, =0.5, BR(tW)=50% P'°9r¢ss
----- Exp 95% CL .
Bl -+ 1 std. deviation

+ 2 std. deviation

With data driven background

800 1000 1200 1400 1600 1800
VLQ mass (GeV)

Included syst. Uncertainties:

e Luminosity

* Pileup

* Lepton IDs

» Trigger

« Jet energy scale

« Jet energy resolution

« B-tagging

* t-/W-tagging

 PDFs

* Normalization and factorization
« Signal region kinematics

« Forward jet scale factor 9




Search for single vector-like T
quarks



Search for single vector-like T quarks

Event reconstruction % .
7O

Ak4 jet
Softdrop Ak8 jet
90<M, . <160 GeV
W boson AK8
Prlmary lepton

Top candldate Higgs candldate

Take the combination with the smallest X?

2 2 2
= () (3)"+ (o)

O Mg O My OdR(H,t)
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Search for single vector-like T quarks

Selection

> 1 lepton with p_ > 55 GeV
> 2 jets with p, > 185 (50) GeV
> 1 Higgs candidate

q

AR(top candidate, Higgs candidate > 2)

> 100 GeV ST =
p, of lepton with highest p_

pT,top candidate

ST > 400 GeV + MET
2D cut (AR(,)) > 0.4 || p,(l,]) > 40 GeV) +P; Of JetS, g,y
BT . i T L T e L L e e e e e
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min AR(lep., jet) min pT)rel(lep., jet)
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Search for single vector-like T quarks

Categories

Additional b-tags

/W
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events / 80 GeV
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Signal region, = 2 add. b-tag

~ Work in progress
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Search for single vector-like T quarks

Mass [GeV]

Included syst. Uncertainties:
* Pile up

e Lepton IDs

« Trigger

« Jet energy scale

» Jet energy resolution

* B-tagging

* Higgs mass smearing
 PDFs
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Summary

Searches for single vector-like T and B/X;,; quarks
with full 2016 dataset

Event reconstruction with substructure
techniques

Data driven background estimate

—orward jet discriminates well between signal
and background
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Back up

16



S I ) Search for single vector-like B/X, . quarks
» 1 Muon (Electron) with p_> 55 (120) GeV
« 2AK4-Jets with p_> 50 GeV
« 1AKS8-Jetwith p_>175 GeV
« MET > 50 (60) GeV
« MET + lepton: HTLep > 240 (290) GeV
20 CMS Prelz‘rfwnary | | | Signal‘ efficiency
| Selection Work in progress
efficiency for
16/ Signal
— B+tRH
8l — B+bRH |
— X553 RH
200 8(|)0 1600 12‘00 14|00 1600 1800 17

VLQ Mass



Search for single vector-like B/X

Event reconstruction :
with top tag

quarks

5/3

had. top quark

lep. W boson

MET
g
> _
Lepton Softdrop Ak8 jet
AR > 2 Top tag:

110 GeV <M, <210 GeV
1 subjet b-tag
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Search for single vector-like B/X

5/3

Event reconstruction
without top tag

had. top quark

lep. W boson
MET
- > had. W boson
PP >1 Jet
Lepton Jet permutations

Discriminator to chose best permutation

) (M, —m'”)" (3.14—=AR(t0P e, Wreeo))”  (1—p7/p7” )
Xhad.top: top + AR + p

mass o O

19
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Search for single vector-like B/X, . quarks

Event reconstruction e
without top tag /

lep. top quark

had. W boson

MET

~

Lepton

Discriminator to chose best permutation

»_(mpty=m )" (Mygee—m")" (3.14 —AR(t0Preco, W o)) (1—pr/p7°)’
Xlep.top: top + GW + OAR + GPT

mass mass

Selection by Prob.(x*,ng,) ?



Event reconstruction
without top tag

35.8fb" (13 TeV
——
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« Good selection efficiencies for low B/XS,
masses

« High number of background events

e Good mass resolution
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Search for single vector-like B/X_,, quarks

5/3

b-Jet

Signal region, signals normalized to 1 pb
E T T T | T T T T ‘ T T T T | T T T T | T T T

- Work in progress
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B mass [GeV]
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with top tag

Search for single vector-like B/X

s quarks

without top tag

Signal region
(signals normalized
to 1 pb)
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Signal and

Sideband region

Events

Data/MC

Sideband region

0 forward jets

Without top tag

> 1 forward jets
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Events

Data/MC
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CMS Preliminary 35.9 fb~! (13 TeV)
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Included syst. Uncertainties:

e Luminosity

* Pileup

* Lepton IDs

» Trigger

« Jet energy scale

« Jet energy resolution

« B-tagging

* t-/W-tagging

« PDFs

» Normalization and factorization
« Signal region kinematics
« Forward jet scale factor




Event reconstruction

g b.,t

t
T
7/ W \
Y H

q q

Goal: Reconstruction of the T quark mass

25



Event reconstruction

High T mass -
boosted top and
boosted Higgs

First:
« Reconstruction of the t quark
e Reconstruction of the Higgs

26



Event reconstruction

Ak4 je

MET

Primary lepton
\ - _J

Softdrop Ak8
jet

> 4

¥
Top candidate

v

Higgs candidate

Lepton with highest p_

+ MET
+ up to 2 jets

softdrop AkS8 jet
(90 <M, <160 GeV)

g

7/ W

bt
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Event reconstruction

- J%
q q
/Ie/ptOn

Top candldate

Lepton with highest p_

+ MET
+ up to 2 jets
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Event reconstruction

g bt

%@Q@
Y H
Ak4 jet

q q

)(A
@Q
@Q
Iepton Reconstruction of the neutrino
48

(lepton + MET + W mass)

Top candidate Y
Reconstruction of the W
Lepton with highest of (lepton + neutrino)
+ MET v
+ up to 2 jets t quark candidate
Reconstructed W + 1-2 Ak4 jets

29



Search for single vector-like T quarks

Baseline Selection
> 1 lepton with p. > 55 GeV
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Search for single vector-like T quarks

Baseline Selection

> 1 Higgs candidate
AR(top candidate, Higgs candidate > 2)
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Search for single vector-like T quarks

Baseline Selection

ST >400 GeV ST = o
p, of lepton with highest p_
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Search for single vector-like T quarks

Categories

Additional b-tags
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Search for single vector-like T quarks

Signal and
Sideband region

1 subjet b-tag 2 subjet b-tags

O forward jets  Sideband region

> 1 forward jets Signal region
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events / 80 GeV

events / 80 GeV

Search for single vector-like T quarks
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Softdrop

Softdrop

o Recursively declustering

o Remove subjets which do
not fullfill algorithm condition

min{pr,i.pT,j} (ﬁ)ﬁ
Pr,i+Pr,j cut

R

o Removes soft and wide-
angle radiation Oochst

arXiv:1402.2657v2

Ramove sub-
clusters not
satisfying
“omea
criterion
—
Stop when
both subets
satisfy
Canon
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N-subjettiness

Shape variable

Measures how consistent a jet is with
a hypothesis of having N subjets

n - :
Zichnszstuents pr i min{AR; ;AR i,...ARN i}

In = Z?’cansistuents priR

Ty is the pr weighted sum of the
angular seperation between each jet
consistuent and the closest subjet axis

Small t represent jets with N or fewer
jets = consistuents are closely aligned
with the subjet axis

More effective discriminator - ratio of
jet shapes

o Topjet is expected to have 3 subjets 2
T3/7;

0.06

o
=
o

=
=]
I

=]
o
]

Relative occurence
-]
-
Cad

145 GeV < mJ < 205 GeV

—po jets -
= QCD jets|

0 02 04 06 08 1

‘f31"'l.'_. of jet

arXiv:1011.2268v2
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