
Search for heavy 4th generation quarks in final states with
same-sign charged dileptons at the ATLAS experiment

Motivation

The Standard Model (SM) of particle physics describes the elementary particles and their
interactions. The fermions are grouped into families where three generations have been
experimentally verified.
4th generation quarks could play an interesting role in electroweak symmetry breaking [1].
A SM with four generations has also the property to generate gauge coupling unification at a scale of
order 1015 − 1016 GeV [2].There are also discussions in the literature if a fourth generation of quarks
could play a central role in baryogenesis [3].
We look for b′b̄′ pair production and assume the decay chain b′ → tW → bWW with a 100%
branching fraction. This leads to final states with 4 W bosons (see graph below) and allows for
selecting same-sign dilepton events which is a rare SM signature.

The recent discovery of a Higgs-like boson at
m = 126 GeV excludes a sequential 4th
generation with a significance of more than 5σ
[4]. However, a 4th generation is still in
accordance with experimental constraints when
extending the Higgs sector [5]. Therefore, 4th
generation searches are still of interest and the
search topology with same-sign leptons is also
relevant for exotic quarks searches.

ATLAS experiment

Inner detector: Inside solenoid magnet, consists of silicon pixels, silicon strips
and transition radiation tracker,
provides reconstruction of charged particle tracks and vertices

Calorimeters: Electromagnetic (liquid Argon) and hadronic (iron + scintillating plastic)
calorimeters, reconstruction of particle showers

Muon spectrometer: Resistive plate chambers,
drift tube chambers within toroidal magnetic field

Recent Results (ATLAS-CONF-2012-130)

Our most recent result was published in 2012 as a conference
note [6] using the full 2011 dataset (L ≈ 4.7 fb−1) taken with
ATLAS. This note contains searches of exotic signatures in final
states with same-sign dileptons, namely the 4th generation b′,
the top partner T5/3 and four tops production.
Selection:
There are several possible final states resulting from the
production of these exotic states, but requiring at least two
same-sign charged leptons is a good compromise between high
branching ratio and low background. Additional requirements are
at least two jets where at least one of them needs to be
identified as a b-jet, large missing transverse energy
EMiss

T ≥ 40 GeV and a large scalar sum of the jets and leptons
transverse momenta HT ≥ 550 GeV.
Backgrounds:
Several background processes can contribute to the signal region
of same-sign dileptons. On the one hand there are irreducible
SM processes with real same-sign dileptons, namely W±Z+jets,
ZZ+jets, W±W±+2 jets, tt̄ +W+jets, tt̄ + Z+jets and
tt̄+W±W∓. The contributions of these processes are estimated

using simulated MC samples. On the other hand there are false
same-sign dilepton pairs coming from charge mis-identification
(ChargeMisid) and lepton mis-reconstruction (Fakes). The
ChargeMisid comes from mis-reconstructed lepton charges and
hard Bremsstrahlung producing trident electrons and is
estimated by measuring the ChargeMisid rate within the Z-peak
of di-electron events. The Fakes mainly come from hadron
decays or photons mis-reconstructed as leptons and are
estimated using the so called ”matrix-method”.
Result:
After the final event selection and comparing the data and
background yields, no data excess has been observed. Therefore
we have set limits on the production cross-section times
branching ratio (here b′ → tW with 100%) using the CLS

method, where we used the data and signal/BG estimates after
simple cut and count as input. The right plot shows the
expected and observed limits as a function of the b′ mass. By
comparing to the theoretical production cross-section we can set
a limit on the b′ mass of 0.67 TeV (expected: 0.64 TeV).

[TeV]
5/3b’/Tm

0.3 0.4 0.5 0.6 0.7 0.8

tW
)

→
 B

R
(b

’
×

 [p
b]

 
σ

-310

-210

-110

1

E
xp

ec
te

d

O
bs

er
ve

d

Expected limit at 95% CL

Observed limit

σ 1 ±Expected limit 

σ 2 ±Expected limit 

Theory approx. NNLO

 = 7 TeVs,  
-1

 Ldt =  4.7 fb∫
ATLAS Preliminary

Expected and observed upper limits on the pair-production
cross section of the b′, as a function of its mass
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