Hunting New Physics in Top Pair Production
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Measurements of the forward-backward asymmetry (FBA) in tf production at the Tevatron
significantly deviate from expectations within the standard model. Several new physics
(NP) scenarios have been proposed as explanations of this anomaly. I briefly review the
tt production observables at the LHC which could shed light on to the origin of the large
FBA, whether it is mostly due to NP resonances exchanged in the s—, t— or u— channel,
or even due to incoherent effects.

1 Introduction

The forward-backward asymmetry (FBA) in ¢ production at the Tevatron has been measured
by both the CDF [Il 2] and D@ [3] collaborations and found to be significantly larger than
the standard model (SM) predictions. The naive average of the inclusive FBA, adding the

uncertainties in quadrature, is
App =0.187£0.037, (1)

while the NLO QCD prediction [I, 4] including leading electroweak (EW) contributions [5] is
ASM = 0.07(2). Both CDF and D@ have also measured the FBA in bins of m,; and t-f rapidity
differences. Only CDF [I}, 2], however, unfolds to the partonic (“truth") level obtaining

Ay = App(my < 450 GeV) = 0.078 + 0.054,

AY o = App(my; > 450 GeV) = 0.296 + 0.067 (2)
to be compared with the SM (NLO QCD and EW) predictions (AR;)SM = 0.05(1) and
(Al S = 0.11(2) [1, 8 B},

A related observable at the LHC is the charge asymmetry (CA) in ¢ production, Ac. In

contrast to the FBA, the measurements of the CA at the LHC agree with the SM expectations.
The average of ATLAS [6] and CMS [7] results,

Ac = 0.001 £0.014, (3)

agrees within errors with the SM prediction ASM = 0.007(1) [6] @, 5]. Recently, the ATLAS
collaboration also presented the first results for the CA binned in my; [8]

Al = Ac(myr < 450 GeV) = —0.053 4 0.088,
Al = A (my; > 450 GeV) = —0.008 + 0.047 , (4)
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in agreement with the corresponding SM predictions, A% = 0.002(2) and A% = 0.009(2) [6, 4, 5].
Together with inclusive ¢f production cross-section and my; spectrum measurements at the
Tevatron and the LHC, the measured CA already represents a significant constraint on NP
models trying to address the anomalously large FBA values.

2 New physics models for the FBA

The large size of the observed non standard contributions to the FBA, points to NP affecting
the ¢t production at hadronic colliders at the tree level and typically requires on-shell new
degrees of freedom below the TeV scale. A reliable model-independent analysis of NP effects in
tt production using effective field theory methods is thus not possible [9]. Alternatively, one can
consider a single NP amplitude interfering with the SM contributions at a time. Such scenarios
can then be classified according to the new resonances coupling to quarks and exchanged in
s—, t— or u—channel. Among the plethora of possible spin, weak isospin, charge and color
assignments, only a few of such states can produce a sizable positive FBA at the Tevatron
without being in gross conflict with the measurements of the total cross-section and/or the
myz spectrum [I0]. These include an s—channel exchanged (axial-)vector color octet boson
(axigluon) [I1, 12} [13], neutral (Z’) [14] or charged (W’) [I5] vector bosons, coupling chirally
to quarks and exchanged in the t—channel, a scalar isodoublet [I6] whose neutral component
contributes in the t—channel, as well as scalar color triplet [I7,[I8] or sextet [I7] bosons coupling
chirally to up-type quarks and contributing in the u—channel (c.f. [I9] for a recent review).

3 LHC constraints

In t— and u—channel models, the new FBA contributions are mainly driven by kinematics.
In particular, they exhibit a forward Rutherford scattering peak. Due to the resulting strong
correlations between the FBA and CA, the existing LHC CA measurements alone already
exclude the Z’ and W’ models from addressing the FBA puzzle [20]. Another consequence
is an enhanced tf production cross-section in the forward region, which could be probed with
dedicated analyses at ATLAS and CMS [2I] or even at the LHCb [22]. On the other hand,
while same-sign top pair production [23] as well as electroweak [24] 25] and precision flavor
observables [24] [26] [27] can be a problem, the relevance of such constraints is model-dependent
and dangerous effects can be suppressed systematically e.g. by use of symmetries [27]. Similarly,
if the new resonances are massive enough and not too broad, sizable flavor violating t+jet
resonance production can be expected in tt+jet final states [18| 28].

With s—channel NP, the FBA is essentially due to spin interference effects. Close to thresh-
old, top quark spins effectively probe initial parton chiralities and possible non-standard contri-
butions can be tested for using angular lepton asymmetries in leptonic top decay channels [29].
In general one expects strong correlations with ¢¢ spin correlation observables (c.f. [20] and
references therein). On the other hand the singular features in the m;; spectrum expected from
s—channel NP (resonance in the cross-section and a flip in sign of the FBA and CA) can be
suppressed if the resonance appears below t¢ production threshold [12] [13] and/or if it is very
broad, as also required by dijet (resonance) constraints [I3} [30}, B1]. Another interesting related
channel is (resonant) four top production at the LHC [32] which already provides a significant
constraint [33].
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4 Incoherent NP ¢t production

At present, the tt production cross-section at the Tevatron and the LHC is still subject to
significant O(10%) uncertainty. Thus, inclusive t¢ production observables like the FBA and CA
could also be affected by NP contributions not interfering with the leading QCD ¢t amplitudes.
An example is the production of “top partners" (#) decaying to top quarks and additional
light invisible particles (x°) [34]. In order to pass experimental tf reconstruction and escape
searches for tt+ MET (missing transverse energy) ¢ should be almost degenerate with the top
and x° approximately massless. This puts strong preference for scalar ¢ candidates whose QCD
production cross-section is mostly p-wave and is thus suppressed close to threshold [35]. The
FBA is in this case driven by strongly asymmetric t—channel x° mediated contributions [34].
Since the relevant interactions are flavor violating and involve couplings to light quarks, one
would generically also expect effects in jets+MET final states.

5 Conclusions

The most significant hints of physics beyond the standard model at the Tevatron have been
reported in the top sector. The large observed value of the FBA could still be due to new
O(TeV) (s—channel) resonances, in which case one generically expects excesses in the t¢ and
di-jet (pair) spectra. Alternative interesting possibilities are represented by sub TeV NP con-
tributions in the u— or t—channel, in which case one predicts interesting signatures in tt+jets
final states. At the LHC, the FBA is manifested in terms of a rapidity dependent CA. Presently
measured inclusive values are well consistent with SM predictions, introducing some tension in
almost all existing NP proposals (see however [31]). In the near future top spin correlation and
polarization observables could provide more complementary constraints. Finally, an enhanced
tt production cross-section in the forward region in such NP scenarios represents an opportunity
for an interesting top physics program at the LHCD.
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