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b′: A vector-like
charge −1/3 quark

IPredicted in BSM scenarios as top or

bottom quark partner.

ISymmetric left- and right-handed

couplings to SM vector bosons.

IMostly pair-produced pp→ b′b′ for

mass M(b′) < 1 TeV/c2.

IDecay processes:

b' b'
t b

-W Z/H

Charged current Neutral current

We search for the b′ quark in the
neutral current b′→ bZ process.

Search methodology

IReconstruct b′ candidates using high pT
Z→ e+e− or µ+µ− and b-tagged jets.

IMeasure SM backgrounds: Z+jets, tt+jets,

dibosons, using the data.

ISearch for a bump in the invariant mass

M(bZ) of the Z boson and b jets.

Event display of a b′ quark candidate
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 pair-production cross sections (HATHOR)b'b'

Cross sections at the LHC
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Normalised to 19.6/fb

CMS Simulation Preliminary  = 8 TeVs

Simulated signal invariant mass

Background estimation

IABCD method used. Fully data-driven.

INB = NA×ND/NC. A,C,D are control regions.

IB = signal region with NB background events.
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-e+ e→Data: Z

-µ+µ →Data: Z

Signal and control regions

IABCD variables:

Njets and

b-tagging

discriminator

value.

ICorrelations

between variables

accounted for.

2
E

ve
nt

s/
 5

0 
G

eV
/ c

1

10

210

310
Data

)2b' (450 GeV/c

)2b' (700 GeV/c

Background

 Syst.)⊕Background uncertainty (Stat. 

 -1CMS Preliminary 2012, L = 19.6 fb  = 8 TeVs

)2M(eeb) (GeV/c
400 500 600 700 800 900 1000

Pu
ll

-2
0
2

 -1CMS Preliminary 2012, L = 19.6 fb  = 8 TeVs

b′ candidate mass spectrum: Z→ee channel
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b′ candidate mass spectrum: Z→ µµ channel

Good agreement between observation and estimated
SM background events.

Results

Limit set on σ(pp→ b′b′) for BR(b′→ bZ) = 100% and
on mass of the b′ quark for mixed decays to the neutral
current b′→ bZ and the charged-current b′→ tW.
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b′ quark cross section limit
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Mass limit when
BR(b’→bZ)+BR(b’→tW)= 1

b′ quarks of mass below
700 GeV/c2 ruled out for
BR(b′→ bZ) = 100%.

Channel Z→ee Z→ µµ
Expected background in data 379± 70 534± 79
Observed events 334 542

Observed and expected background events

BR(b′→ bZ) 100% 50%
Channel Z→ e+e− Z→ µ+µ− Z→ e+e− Z→ µ+µ−

M(b′) = 450 GeV/c2 214± 13 336± 16 102± 4 162± 5
M(b′) = 500 GeV/c2 122± 7 209± 9 56± 2 94± 3
M(b′) = 550 GeV/c2 76± 4 114± 5 33± 1 54± 2
M(b′) = 600 GeV/c2 36± 2 66± 3 17.6± 0.7 30.8± 0.9
M(b′) = 650 GeV/c2 23± 1 41± 2 11.0± 0.4 19.5± 0.6
M(b′) = 700 GeV/c2 14.1± 0.7 25.9± 1.0 6.5± 0.2 12.0± 0.3
M(b′) = 750 GeV/c2 7.6± 0.4 15.5± 0.6 3.6± 0.1 7.4± 0.2
M(b′) = 800 GeV/c2 4.8± 0.3 9.9± 0.4 2.20± 0.10 4.6± 0.1

Expected signal yields

Background estimation ∼ 34%
Jet energy corrections ∼ 23%
Integrated luminosity 4.4%
Others < 1%

Sources of systematic uncertainties
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