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Outline

The resulst of the today’s talk has already been published JHEP 01 (2016)
166. CMS@IHEP group performed measurement in Lepton+jets channel thus
made a major contribution.

Motivation
Theoretical overview
Event Selection, backgound estimation and limit setting in:

All-hadronic
lepton+jets
Dilepton Channels

Combination
Systematics
Results and summary

2 / 21

http://link.springer.com/article/10.1007%2FJHEP01%282016%29166


Motivation

Standard Model is not the whole story of high energy physics.

still need answers for:
Neutrino mass
Dark matter/ dark energy
Hierarchy Problems
Gravity
for which SM offers no explanation.

The existance of excited quarks has been predicted by a variety of models.
Warped Extra Dimensions: JHEP 0801 (2008) 069
Randall-Sundrum models: Phys.Rev.Lett. 100 (2008) 171604
Composite Higgs models: JHEP 1207 (2012) 158, Phys.Rev. D86 (2012)
Composite quark models: Phys.Lett. B396 (1997) 161-166

Today’s talk will cover the first search for an excited third-generation bottom
quark(b∗) at CMS using 8TeV data using the tW decay mode.

Searches b∗quark has been perfromed by CMS in gb decay mode resulting in an
exclusion region between 1.2 and 1.6 TeV. Phys. Rev. D 91 (2015) 052009

Searches have also been carried out by ATLAS with a lower limit on b∗quark mass of
about 1 TeV. Phys. Lett. B 721 (2013) 171
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http://iopscience.iop.org/article/10.1088/1126-6708/2008/01/069/meta;jsessionid=1B42168EA54D42AE143ED9B01E245E33.c4.iopscience.cld.iop.org
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.171604
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.115011
http://www.sciencedirect.com/science/article/pii/S037026939700097X
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052009
http://www.sciencedirect.com/science/article/pii/S0370269313002281


Theoretical Overview

A strong interaction of gluon and bottom quark can produce b∗.
The following Langrangian explains the corresponding interaction.

L =
gs

2Λ
Gµυbσµυ(κb

LPL + κb
RPR)b∗ + h.c

where Λ is the scale of compositness choosen to be the b∗mass, h.c is hermitian
conjugate.
Phys. Rev. D 42 (1990) 815
The weak decay of b∗ can be explained by the langrangian:

L =
g2√
2
W +

µ tγµ(gLPL + gRPR)b∗ + h.c

Can be left-handed, right-handed or vector-like.

b∗g

b

t

W
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Analysis Approach

b∗can decay to gb, bZ, bH and tW.
Increasing branching ratio for tW compels to search for b∗in tW decay mode.

The tW final states results in the
following channels.
All hadronic
Lepton+jets
Dilepton

Used the signal samples:

Left-handed: which requires
gL = 1, κb

L = 1, gR = 0, κb
R = 0

Right-handed requiring:
gL = 0, κb

L = 0, gR = 1, κb
R = 1

Vector-like:
gL = 1, κb

L = 1, gR = 1, κb
R = 1

The results have been performed for the
unit coupling(gL, κb

L, gR , κb
R = 1) and

have been extrapolated for κ-g plane.

Phys. Rev. D 86 (2012) 094006
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All Hadronic Channel

All hadronic channel
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Event Selection and Background Estimation
Characterized by a top and W boson decaying hadronically.

Top and W daughters are highly boosted. thus reconstructed as a
single jet.

used trigger with HT>750, where HT is the scaler sum of
transverse momenta of the all the jet candidates.

Two CA(Cambridge-Aachen) jets with pT at least 425 GeV.

One jet is W-tagged and other is t-tagged. W and t-tagging
algorithems are used.

Main backgrounds are multijet and t̄t event.

Multijet background estimated from data.
Control region has been defined by selecting a W-tagged jet
in the region 30 < mjet < 70GeV or mjet > 100GeV.
Measure the top-mistagging rate for multijets in control
region.
Apply this top-mistagging rate to the pre top-tagged
sample in the Signal region.

t̄t background is estimated from data
The control region has been defined by invering W tagging
requirements(mjet > 130GeV and τ2/τ1 > 0.5)..
Performed a fit to the invariant mass of the top quark
candidate.

Single top from MC prediction
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Limit Setting
A binned maximum likelihood fit to the tW invariant mass has been perfromed to
extract the signal cross section. Basyesian method has been used to set the limits
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The limit at 95% CL, for the
case of unit couplings, on
b∗quark mass in the
all-hadronic case.

Left-handed Right-handed Vector-like
Expected 890 - 1460 889 - 1520 842 - 1670
Observed 858 - 1390 803 - 1430 1540

The observed distributions are
consistent with those from the
background only prediction.
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Lepton+Jets Channel

Lepton+Jets Channel
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Event Selection and Background Estimation
Event Selection

Exactly one isolated electron or muon + a b jet, at least two light flavor jets.
Signal is defined by requiring:
exactly three jets with pT > 40 GeV, |η| < 2.4. One of the three jets must be a b jet
which satisfies the b-tagging selection:
exactly one electron with pT > 130 GeV and |η| < 2.4 (Electron Channel) or:
exactly one muon with pT > 130 GeV and |η| < 2.1(Muon Channel).
Veto on additional loose electron/muon.

Background Estimation
Contributions of Single top, ttbar, diboson, Z+jets processes are taken from MC.
Multijet background is estimated from data:

Electron channel:by performing a fit to the Emiss
T

Muon channel: by performing a fit to the transverse mass of W boson decaying
leptonically.

Multijet background from control sample is normalized to the fitted yield.
W+jets background is estimated by performing a template fit to the reconstructed
invariant mass of W boson and a b jet.
W+jets template is taken from simulation and normalized to fitted yield.
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Event yield and data/MC Comparison

The following table showes the event yield
after the final selection, normalized to an
integrated luminosity of 19.7 fb−1.

Invariant mass in data
compared with the SM
background estimation
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Limit Setting
A binned maximum likelihood fit to the tW(lepton+jets+MET) invariant mass has
been perfromed to extract the signal cross section. Basyesian method has been used
to set the limits.
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The limit at 95% CL, for the
case of unit couplings, on
b∗quark mass in lepton+jet
channel.

Left-handed Right-handed Vector-like
Expected 935 985 1130
Observed 1030 1070 1170

The observed distributions are
consistent with those from the
background only prediction.
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Dilepton

Dilepton Channel
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Event selection and background estimation

Event selection
Characterized by two isolated, oppositely charged electrons or muons and at least one
jet.
Signal region is defined by having:
jet with pT > 30 and |η| < 2.5
Two leptons having pT > 30 and |η| < 2.5(2.4) for electrons(Muons)
Required to have opposite charge, ∆R(l,l) > 0.3

Background Estimation
Main backgrounds are t̄t, single top quark, W+jets, Z+Jets and diboson.
Dominating backgrounds are predicted by simulation.
Emiss

T > 40 GeV to reduce top quark background(30%), W+jets(50%), diboson(60%)
and Z+jets(95%)
Most of diboson background is removed by requiring: m(2l)>120 GeV
Multijet and W+jets background:
Study has been performed using the same sign events.
Multijet is found to be negligible.
W+jets agrees well with the MC simulation prediction.
Confirmation of the correct simulation of the dominant background sources has been
made by comparing the control regions with the data.
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Background estimation
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Limit Setting
A binned maximum likelihood fit to the scaler sum ST of the pT of the two leading leptons,
the jet with the highest pT and Emiss

T has been performed to extract signal cross section.
Basyesian method has been used to set the limits.
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The limit at 95% CL, for the case
of unit couplings, on b∗quark
mass in dilepton channel.

Left-handed Right-handed Vector-like
Expected 1120 1170 1290
Observed 1140 1180 1290

The observed distributions are
consistent with those from the
background only prediction.
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Limit Combination

All the channels are combined to enhance the sensitivity of the upper
limit on the gb → b∗→ tW production cross section.
The overlap of the signal region events is negligible. No overlapping for
all hadronic and other channels.
Bayesian method(as implemented in the Theta framework) using
likelihood composed of Poisson probabilities for each bin.
Systematic uncertainties, for all the channels and their combination can
be divided into:
theoretical uncertainty
background normalization uncertainty
instrumental uncertainty and
measurement-related uncertainty.
Systematic uncertainties affecting both shape and event yield are taken
into account.
Shape of each distribution in each channel is determined and
normalization is set to 1 and then estimate is made.
Upper and lower distributions are obtained(normalized to one) and event
yield is estimated for the two limiting cases.
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Systematic Uncertainty
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Limit Setting
A binned maximum likelihood fit to the scaler sum ST of the pT of the two leading leptons,
the jet with the highest pT and Emiss

T has been performed to extract signal cross section.
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The limit at 95% CL, for the case
of unit couplings, on b∗quark
mass in all-hadronic, lepton+jets
and dilepton channel.

Left-handed Right-handed Vector-like
Expected 1480 1560 1690
Observed 1390 1430 1530

The observed distributions are
consistent with those from the
background only prediction.
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Limits in κ and g plane
The upper limits on the cross section times branching fraction generalized as a
function of couplings κ and g.
Top: Observed
Bottom:Expected

Left Handed

L
g

-0.2 0 0.2 0.4 0.6 0.8 1

Lb κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Observed 95% CL limit
 tW→ b* →gb 

 = 0)
R

 = gR
bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m

800 
900 
1000 
1100 
1200 
1300 

Right Handed

R
g

-0.2 0 0.2 0.4 0.6 0.8 1

Rb κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Observed 95% CL limit
 tW→ b* →gb 

 = 0)
L

 = gL
bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m
800 
900 
1000 
1100 
1200 
1300 
1400 

Vector Like

L/R
g

-0.2 0 0.2 0.4 0.6 0.8 1

L/
R

b κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Observed 95% CL limit
 tW→ b* →gb 

)
R

 = g
L

; gR
bκ = L

bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 

L
g

-0.2 0 0.2 0.4 0.6 0.8 1

Lb κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Expected 95% CL limit
 tW→ b* →gb 

 = 0)
R

 = gR
bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m
800 
900 
1000 
1100 
1200 
1300 
1400 

R
g

-0.2 0 0.2 0.4 0.6 0.8 1

Rb κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Expected 95% CL limit
 tW→ b* →gb 

 = 0)
L

 = gL
bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 

L/R
g

-0.2 0 0.2 0.4 0.6 0.8 1

L/
R

b κ

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1  (8 TeV)-119.7 fb

CMS

Expected 95% CL limit
 tW→ b* →gb 

)
R

 = g
L

; gR
bκ = L

bκb* (

All-hadronic + Lepton+jets + Dilepton

 [GeV]b*m
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 

20 / 21



Summary

A search for b∗→tW has been performed in all-hadronic, lepton+jets and
dilepton channel in tW final state.
Results are found consistent with SM expectations.
Upper limits are set at 95% confidence level on the product of cross
section and branching fraction.
Sensitivity on the upper limit has been increased by performing the
combination of all-hadronic, lepton+jets and dilepton channel in tW final
state.
Excited bottom quarks are excluded with masses below 1390, 1430, and
1530 GeV for left-handed, right-handed, and vector-like b∗quark.
Mass limits are also extrapolated to the two dimensional κ-g coupling
plane.
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