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Top FB Asymmetry @ Tevatron

At zeroth order t-tbar production in QCD is FB symmetric, but an asymmetry may 
arise due higher order QCD corrections, and possibly new physics with chiral 
couplings to quarks

Longitudinal 
boost 

independent; in 
t-tbar rest frame 

reduces to 
forward-

backward top 
asymmetry
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Non SM processes can 
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(axigluon, Z' ...)

''the system is less perturbated if the 

outgoing positive electric charge field 

(colour field for tops) flows in the 

direction of the incoming positive 

electric charge field'' 
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At NLO, QCD predicts a tt production asymmetry via qq 

annihilation. Due to the interferences : 

Theory of the charge asymmetryTheory of the charge asymmetry
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CM ≈ LAB frame
quarkquark antiquarkantiquark
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Forward-BackwardForward-Backward

asymmetry

 → dominant production process at the 

Tevatron (there is no asymmetry in 

gluons fusion production)

Charge asymmetry at the TevatronCharge asymmetry at the Tevatron
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Inclusive asymmetry, naive CDF/D0 combination

Inclusive asymmetry @Tevatron, SM prediction

High mttbar asymmetry @CDF 9fb-1, 

High mttbar asymmetry @ Tevatron, SM prediction

∼2.5σ deviation from the SM
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Experimental Status

∼2σ deviation from the SM

Anomalous t-tbar forward-backward asymmetry at 
the Tevatron remains one of a few surviving hints of 
new physics

Not enough to claim evidence for new physics, but 
enough to warrant further investigation 

What is measured?
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SM predicts no asymmetry at LO in QCD, and a small asymmetry at NLO.
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• AFB = 5.0%

[KUHN, RODRIGO, PRL81(1998)]

• AFB = 7.3%

[AHRENS ET AL. PHYS.REV. D84 (2011) 074004]

• AFB ! 9.0%

[HOLLIK, PAGANI, ARXIV:1107.2606]
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Top charge asymmetry @LHC

FB asymmetry vanishes due to symmetric 
initial state 

But underlying FB asymmetry of quark-
antiquark collisions can show up as different 
rapidity distribution of top and anti-top  
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No hint of an excess... but still 
some room for new physics
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Experimental Status
Semileptonic: Dileptonic:

with the SM prediction around 0.01
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Figure 3. Measurements of AC (inclusive)
at the LHC.
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Figure 4. Comparison of predictions for
the inclusive asymmetries AFB and AC for
several simple models.

and AC within a given model brings important consequences for the model [29], as it is clearly
depicted in Fig. 4. In particular, the W 0 models are clearly disfavoured, as they predict values
of AC more than 3� above present data when accommodating the Tevatron asymmetry. For
the rest of simple models the fate is uncertain as they are consistent with data at the 2� level.
The di�culty to simultaneously reproduce the central values of AFB and AC has motivated the
appearance of several less simple models [30,31] that can accommodate the central values of the
Tevatron and LHC asymmetries, by introducing some type of cancellation among contributions.
(See also Refs. [32, 33].)

4. The parents: the collider-independent asymmetries.
The Tevatron asymmetry AFB and the LHC asymmetry AC originate from the “intrinsic”
partonic asymmetries in uū ! tt̄, dd̄ ! tt̄, which will be denoted hereafter as Au, Ad,
respectively [28]. At leading order (LO), these asymmetries only depend on the partonic CM
energy ŝ. As a consequence of this, for a suitably narrow interval of mtt̄ the asymmetries Au,
Ad are nearly the same at the Tevatron and the LHC. The “daughter” asymmetries AFB, AC

can be regarded as di↵erent combinations of Au and Ad, the di↵erences arising because

• at these two colliders the importance of uū ! tt̄ and dd̄ ! tt̄, relative to the total tt̄
production rate, changes due to parton density functions (PDFs);

• at the LHC the asymmetry AC su↵ers from a “dilution” because not always the initial
valence quark has larger momentum fraction than the sea antiquark. In case that the
antiquark has larger momentum fraction, a “forward” event, that is, with the top quark in
the direction of the incoming quark (cos ✓ > 0), has �|y| < 0 and contributes negatively to
AC .

Then, a possible experimental test of the consistency of AFB (higher than the SM prediction)
with AC (consistent with the SM) would be to measure the “collider-independent” asymmetries
Au and Ad.4 In experiments, the intrinsic asymmetries Au, Ad can be extracted by exploiting

4 Although we use the name “collider-independent” for Au and Ad, to be precise it must be noted that at next-
to-leading order (NLO) some di↵erences are introduced, of little relevance from a practical point of view. These
are mainly originated from the need to replace a fixed partonic CM energy ŝ by a narrow mtt̄ interval, which
introduces some deviations due to a residual dependence on PDFs. Besides, the asymmetries in gq ! tt̄j are

from Aguilar-Saavedra, Perez-Victoria 1302.6618 
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SM predicts no asymmetry at LO in QCD, and a small asymmetry at NLO.
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• AFB = 7.3%

[AHRENS ET AL. PHYS.REV. D84 (2011) 074004]
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Lepton-based FB Asymmetries

Lepton based asymmetries in t-tbar events 
are in principle independent observables that 
can reveal or constrain new physics 

Longitudinal boost independent; in 
t-tbar rest frame reduces to 

forward-backward top asymmetry
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Frame-dependent, 
here in the LAB frame

Tevatron

LHC

function of pT,` or mtt̄ to discriminate among them and with respect to the SM and we present
our conclusions in section 5. We present in an Appendix a test of the robustness of the ratio of
lepton-based and forward-backward asymmetries measured at the Tevatron as a function of the
tt̄ invariant mass and provide a comparison of the pT,` dependence of a lepton-based asymmetry
measured by DØ and the SM prediction.

2 Top Asymmetries at the LHC

The LHC cannot generate a forward-backward asymmetry in tt̄ production because the pp initial
state is symmetric. However, the di↵erent parton distribution functions of quarks and anti-quarks
inside the proton make it possible for the top and anti-top rapidity distributions to be di↵erent.
Therefore one can define a non-vanishing charge asymmetry,

Att̄
C =

N(�|y|tt̄ > 0)�N(�|y|tt̄ < 0)

N(�|y|tt̄ > 0) +N(�|y|tt̄ < 0)
, (8)

where �|y|tt̄ ⌘ |yt| � |yt̄|. Due to the dominant symmetric contribution from initial state gluons
the SM predicts a small charge asymmetry, Att̄

C(SM) = 0.0123± 0.0005 for
p
s = 7 TeV LHC and

Att̄
C(SM) = 0.0111 ± 0.0004 for

p
s = 8 TeV LHC [15]. In the semi-leptonic channel ATLAS and

CMS find the following (unfolded) values:

Att̄
C(ATLAS, 7 TeV) = 0.006± 0.010, [29],

Att̄
C(CMS, 7 TeV) = 0.004± 0.010± 0.011 [30],

Att̄
C(CMS, 8 TeV) = 0.005± 0.007± 0.006, [31], (9)

while in the di-leptonic channel the measured values are

Att̄
C(ATLAS, 7 TeV) = 0.057± 0.024± 0.015, [32],

Att̄
C(CMS, 7 TeV) = 0.050± 0.043+0.010

�0.039, [33]. (10)

A related leptonic asymmetry can be defined in events in which both tops decay leptonically,

A``
C =

N(�|⌘|l+l� > 0)�N(�|⌘|l+l� < 0)

N(�|⌘|l+l� > 0) +N(�|⌘|l+l� < 0)
, (11)

where �|⌘|l+l� ⌘ |⌘l+ |� |⌘l� |. This observable was measured by ATLAS and CMS

A``
C (ATLAS, 7 TeV) = 0.023± 0.012± 0.008, [32], (12)

A``
C (CMS, 7 TeV) = 0.010± 0.015± 0.006, [33], (13)

where the SM prediction is quoted as A``
C (SM) = 0.004.

Our goal is to define a new lepton-based asymmetry in semi-leptonic tt̄ events that maintains
the interesting properties of the lepton-based asymmetries at the Tevatron, namely a unique and
robust discriminating power when correlated with the charge asymmetry as a function of pT,` or
mtt̄. The following lepton-based asymmetry fulfills the requirements:

At`
C =

N(�|y|tl > 0)�N(�|y|tl < 0)

N(�|y|tl > 0) +N(�|y|tl < 0)
, (14)
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Consistently above the SM prediction but no 
significant excess here (previous 3 sigma excess 
SL Al in Dzero is gone)
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Experimental Status
Tevatron

LHC

What is measured?
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In SM lepton and top FB asymmetry are correlated: lepton 
tends to follow top direction, Al is smeared version of Att  

That’s because in SM top pair production is unpolarized: same 
number of tL and tR is produced (no final state polarization), 
and same number of qL and qR contribute to top production 
(no initial state polarization) 

Beyond SM, polarization effect in top pair production may be 
significant.  Then lepton direction is correlated not only with 
top kinematics but also with spins of incoming quarks and 
outgoing tops  

Lepton vs Top Asymmetry

θ = angle between 
top spin and lepton direction

 in top rest frame

8



Lepton Asymmetry: interpretation
Lepton asymmetry @Tevatron probes top production mechanism. 
Except on top asymmetry, its value depends on whether top pairs 
are produced dominantly by left-handed or by right-handed quarks 

The point can be made more precise at the top production 
threshold (@Tevatron most tops produced at threshold anyway)

At the threshold, tops are produced in s-wave. Therefore, the sum 
of the top spins equals the sum of the spins of the incoming quarks

For collisions of RH quarks and RH antiquark both spins are aligned 
along the proton beam. Thus top and antitop spins are both aligned 
along the proton beam. Therefore l+ from top decays will 
preferentially go along the proton beam (and l- from antitop - 
opposite to the proton beam). In an idealized situation 
(monochromatic quarks energies at ttbar threshold) lepton 
asymmetry would be 50%  

Analogously, for collisions of LH quarks and LH antiquarks both 
spins are aligned opposite to  the beam. Therefore l+ from top 
decays will be produced preferentially opposite to the proton beam.

AA,Perez,Schmaltz
 1110.3796Top Pair Spin Correlations

measurement method:

3S1
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In SM, lepton asymmetry in events is completely determined by top  asymmetry, 
in principle in a calculable way

This is also true differentially with respect to any kinematic variable x: in each 
bin of x lepton asymmetry can be determined knowing top asymmetry in that bin, 
such that Al(x)[Att(x)] traces a calculable curve as x is varied

Even if (for some reason) we got overall normalization of Att and Al predicted by 
SM wrong, we may expect that the slope of the Al(x)[Att(x)] curve is correctly 
predicted, since the latter depends on a relatively simple kinematics

Beyond SM, Al and Att become independent, therefore the shape  of the Al(x)
[Att(x)] curve may be completely different 

Robust and potentially interesting test of the SM !  

Lepton vs Top Asymmetry: getting more mileage

10

AA, Mangano, Martin, Perez, Winter,  [arXiv:1212.4003] 

Carmona et al.  [arXiv:1401.2443] 

http://arxiv.org/abs/1212.4003
http://arxiv.org/abs/1212.4003
http://arxiv.org/abs/1212.4003
http://arxiv.org/abs/1212.4003
http://arxiv.org/abs/1401.2443
http://arxiv.org/abs/1401.2443
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Lepton vs Top Asymmetry: example at Tevatron
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Individual top and lepton asymmetries as function of mttbar have large scale 
dependence

Ratio of the two has smaller uncertainty 

Many more robustness tests (cuts, reconstruction effects, additional radiation)

Also works when plotted against pT of the  lepton in semileptonic ttbar decays
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where the SM prediction is quoted as A``
C (SM) = 0.004.

Our goal is to define a new lepton-based asymmetry in semi-leptonic tt̄ events that maintains
the interesting properties of the lepton-based asymmetries at the Tevatron, namely a unique and
robust discriminating power when correlated with the charge asymmetry as a function of pT,` or
mtt̄. The following lepton-based asymmetry fulfills the requirements:

At`
C =

N(�|y|tl > 0)�N(�|y|tl < 0)

N(�|y|tl > 0) +N(�|y|tl < 0)
, (14)
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function of pT,` or mtt̄ to discriminate among them and with respect to the SM and we present
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lepton-based and forward-backward asymmetries measured at the Tevatron as a function of the
tt̄ invariant mass and provide a comparison of the pT,` dependence of a lepton-based asymmetry
measured by DØ and the SM prediction.

2 Top Asymmetries at the LHC

The LHC cannot generate a forward-backward asymmetry in tt̄ production because the pp initial
state is symmetric. However, the di↵erent parton distribution functions of quarks and anti-quarks
inside the proton make it possible for the top and anti-top rapidity distributions to be di↵erent.
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N(�|y|tt̄ > 0) +N(�|y|tt̄ < 0)
, (8)

where �|y|tt̄ ⌘ |yt| � |yt̄|. Due to the dominant symmetric contribution from initial state gluons
the SM predicts a small charge asymmetry, Att̄

C(SM) = 0.0123± 0.0005 for
p
s = 7 TeV LHC and

Att̄
C(SM) = 0.0111 ± 0.0004 for

p
s = 8 TeV LHC [15]. In the semi-leptonic channel ATLAS and

CMS find the following (unfolded) values:

Att̄
C(ATLAS, 7 TeV) = 0.006± 0.010, [29],

Att̄
C(CMS, 7 TeV) = 0.004± 0.010± 0.011 [30],

Att̄
C(CMS, 8 TeV) = 0.005± 0.007± 0.006, [31], (9)

while in the di-leptonic channel the measured values are

Att̄
C(ATLAS, 7 TeV) = 0.057± 0.024± 0.015, [32],

Att̄
C(CMS, 7 TeV) = 0.050± 0.043+0.010

�0.039, [33]. (10)

A related leptonic asymmetry can be defined in events in which both tops decay leptonically,

A``
C =

N(�|⌘|l+l� > 0)�N(�|⌘|l+l� < 0)

N(�|⌘|l+l� > 0) +N(�|⌘|l+l� < 0)
, (11)

where �|⌘|l+l� ⌘ |⌘l+ |� |⌘l� |. This observable was measured by ATLAS and CMS

A``
C (ATLAS, 7 TeV) = 0.023± 0.012± 0.008, [32], (12)

A``
C (CMS, 7 TeV) = 0.010± 0.015± 0.006, [33], (13)

where the SM prediction is quoted as A``
C (SM) = 0.004.

Our goal is to define a new lepton-based asymmetry in semi-leptonic tt̄ events that maintains
the interesting properties of the lepton-based asymmetries at the Tevatron, namely a unique and
robust discriminating power when correlated with the charge asymmetry as a function of pT,` or
mtt̄. The following lepton-based asymmetry fulfills the requirements:

At`
C =

N(�|y|tl > 0)�N(�|y|tl < 0)

N(�|y|tl > 0) +N(�|y|tl < 0)
, (14)
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Individual top and lepton asymmetries as function of mttbar have large 
scale dependence

Ratio of the two has smaller uncertainty 

Many more robustness tests (cuts, reconstruction effects, additional 
radiation)

Also works when plotted against pT of the  lepton 



Lepton vs Top Asymmetry

Overall, good theoretical control 
of the SM predictions 

How can this help discover BSM 
physics?  
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1) Mttbar dependence. Dependence of asymmetries on t-tbar 
invariant mass is typically different in BSM models, and then pT(l) 
dependence is also affected due to correlation between mtt and pT(l)

2) Initial state polarization. Different contribution of left- and 
right-handed quarks to t-tbar production leads to Al becoming 
uncorrelated from Att especially at low pT(l)

3) Final state polarization. Overall polarization of t-tbar pairs 
changes correlation between lepton and top direction for boosted top, 
and between  pT(l) and t-tbar invariant mass 

Lepton vs Top Asymmetry: pT(lepton) dependence

BSM physics may affect pT(l) distributions of asymmetries in 3 ways:
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Axigluon model
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New heavy colored octet with chiral couplings to quarks:   

Benchmarks

light

heavya



Ratio is a good discriminating variable, especially 
at low mttbar and also low pT lepton
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Axigluon model
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To Take Away
Top and leptonic FB asymmetries are strongly correlated in the SM 
but independent observables in the presence of BSM contributions 
to top pair production

Lepton asymmetry near the t-tbar threshold measures polarization 
of the light quarks that produce the t-tbar pairs 

Studying correlation of Att and Al as function of other kinematic 
observables, in particular as function of pT(lepton), provides 
another test of the SM and additional discriminating power for new 
physics 

Light Axigluon at the ILC? Axigluons radiated off final state quarks 
can be searched for 
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