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We search for production of same-sign top quark at CDF in data with 6.1 fb−1 of luminosity.
The observed data agree with the standard model predictions. We present limits on same-sign top
quark pair production at CDF using effective operators.

I. INTRODUCTION

Flavour-changing neutral processes involving top quarks offer a clean window to new physics because they are
extremely suppressed within the Standard Model (SM). Searches for top (neutral) flavour violation involving SM
gauge bosons have already been performed, either in top decays [1, 2] or in single top production at Tevatron [3, 4],
LEP [5–9] and HERA [10, 11]. In this note we present the first search for like-sign top pair production, which involves
a double top flavour violation. This study is complementary to previous searches because, rather than probing
top flavour violation involving SM gauge bosons, tt production is sensitive to other types of new physics involving
new heavy resonances. In particular, it can probe the presence of flavour-violating Z ′ bosons, which have been
proposed [12–16] as a possible explanation of the discrepancy between the measured forward-backward asymmetry in
tt̄ production [17–19] and the SM prediction [20–22].

Like-sign top pairs can be produced in hadron collisions from initial charge 2/3 quarks, being uu → tt the most
important process which can be mediated by: (a) the exchange of a heavy s-channel vector boson, as depicted in
Fig. 1 (left), or a t-channel one, as shown on the right-hand side. In the former case the new particle can be a
colour-triplet or sextet (respectively labelled as Q5

µ, Y5
µ [23]) with charge 4/3, while in the latter it can be a colour

singlet Z ′ or octet g′, both with zero charge. Scalars exchanged in s or t channels can mediate tt production as well.
For heavy boson masses M much larger than the electroweak symmetry breaking scale v, all these possibilities can be
economically described by a gauge-invariant effective four-fermion interaction [24], as shown in Fig. 1 (middle). This
model-independent approach is adopted in this note, in order to obtain limits which can eventually be interpreted in
the context of various SM extensions.

This note is a companion to an inclusive analysis of the like-sign dilepton signature [25].
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FIG. 1: Production of like-sign top pairs via the exchange of an s-channel (left) or t-channel (right) vector

boson. For large resonance masses, both cases can be described by a four-fermion interaction (middle).

TABLE I: Predicted and observed event yields of same-sign dilepton events with at least two jets in data with

6.1 fb−1 fb of luminosity.

CDF RunII Preliminary
∫
Ldt = 6.1 fb−1

Process Total `` µµ ee eµ
tt̄ 0.1± 0.0 0.0± 0.0 0.0± 0.0 0.1± 0.0
Z → `` 5.9± 1.7 0.0± 0.0 4.8± 1.6 1.1± 0.8
WW,WZ,ZZ 7.2± 0.5 1.5± 0.2 2.0± 0.2 3.7± 0.4
W (→ `ν)γ 0.9± 0.7 0.0± 0.0 0.5± 0.5 0.4± 0.4
Fakes 13.8± 7.2 3.2± 2.4 4.6± 2.2 6.0± 3.1
Total 28.0± 7.5 4.7± 2.4 11.9± 2.8 11.3± 3.3
Data 27 2 16 9

II. DATASET, SELECTION AND BACKGROUNDS

A description of the dataset, selection and background model is provided in the companion note [25]. This study
uses the subset of the inclusive sample with at least two jets.

A. Event Yield

Table I shows the observed and predicted event yields, which are in good agreement. The dominant background
comes from misidentified leptons, followed by diboson production. See Ref. [25] for details on the background model.

B. Event Kinematics

In each event, we calculate the HT , the scalar sum of the lepton pT , the jet ET andthe missing transverse energy.
Figure 2 and Figure 3 show the observed missing energy and HT distributions in events with two same-sign leptons
and at least two jets.

III. EFFECTIVE MODEL

We use a complete set of effective four-fermion operators [24] to parameterise new heavy boson contributions to
like-sign top production (see Figure 1). They yield the effective Lagrangian relevant for this process,

L4F = 1
2

CLL
Λ2

(ūLγ
µtL)(ūLγµtL) + 1

2

CRR
Λ2

(ūRγ
µtR)(ūRγµtR)

− 1
2

CLR
Λ2

(ūLγ
µtL)(ūRγµtR)− 1

2

C ′LR
Λ2

(ūLaγ
µtLb)(ūRbγµtRa) + h.c. , (1)

where CLL, CRR, CLR and C ′LR are dimensionless constants and Λ is the scale of the new physics. (In the last
term the subindices a, b indicate the colour contractions.) The cross-section for tt production at the Tevatron can be
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FIG. 2: Distribution of missing transverse energy for observed events with two like-sign lepton and at least

two jets (points). Stacked histograms indicate the expected background contributions, see Table I.
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FIG. 3: Distribution of HT for observed events with two like-sign lepton and at least two jets (points).

Stacked histograms indicate the expected background contributions, see Table I.

written in term of these coefficients as [24, 28]

σtt+t̄t̄ = 2×
[

14.48

Λ4

(
|CLL|2 + |CRR|2

)
+

1.811

Λ4

(
|CLR|2 + |C ′LR|2

)
− 0.52

Λ4
Re (CLRC

′∗
LR)

]
fb · TeV4 . (2)

Signal events were generated with protos, showered with pythia and the detector response was simulated using
cdfsim. In order to test possible efficiency variations, three event samples were used correspoding to both quarks
left-handed (CLL = 1), both right-handed (CRR = 1) or mixed (CLR = 1).

IV. RESULTS

We present results for same-sign top quark production. Figure 4 shows the observed data and background prediction
for the analysis variable, HT in same-sign dilepton events with at least two jets, with the signal overlaid. Limits on
the production cross-section times dilepton branching ratio for the LL, LR and RR modes, as well as on individual
coefficients, are shown in Figure 5 and Table II. In Figure 6, we translate these to limits on two out of the four
coefficients (assuming the rest are zero).

The limits obtained can be compared to the Afb prediction [26] for various models of flavour-violating Z ′ bosons [12–
15], as a function of |CRR|/Λ2, see Figure 7.

Finally, assuming no significant efficiency or shape difference between the different modes, we can set a limit on
vector or axial-vector Z ′ bosons for which

CLL = CRR = ∓ 1
2CLR ≡ C (3)
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TABLE II: Upper limits (95% CL) on production cross-section times branching ratio BR(W → `ν)2 for

individual chirality modes left-left (LL), right-right (RR), or left-right (LR) assuming only one non-zero mode.

Also shown are limits (95% CL) on the coefficients of the four-fermion effective Lagrangian (see Eq. 1),

assuming one non-zero mode. Limits are shown graphically in Figure 5. Limits with two non-zero coefficients

are shown in Figure 6.

LL LR RR
σtt+t̄t̄ × BR(W → `ν)2 [fb] 54 51 44
|C|/Λ2 [TeV−2] 4.1 11.3 3.7
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FIG. 4: Distribution of expected and observed data in HT , with expected same-sign topquark pair signal overlaid.

using the result from the LL mode, which is the weakest. In this case, the cross section in Eq. 2 translates into

σtt+t̄t̄ = 2× (14.48× 2 + 1.811× 4)
|C|2
Λ4

fb · TeV4 ,

which gives a 95% CL limit of

|C|/Λ2 < 2.6 TeV−2

V. CONCLUSIONS

We have performed the first dedicated search for same-sign top quark pair production in hadron collisions. We see
no evidence for production and set limits on the cross-section using a Lagrangian of effective operators, which can be
applied to a broad set of models.

Future studies at the LHC will probe smaller values of the couplings.
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