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๏ Decays before hadronising: the 
only “naked” quark  
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Charge asymmetry = 
particle-antiparticle 
asymmetry 
A difference in the angular distribution of top 
quarks with respect to top antiquarks either 
at Tevatron or the LHC
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 a qualitative picture 
t

t̄

� Inclusive: the system is less perturbed if the 
colour field of the outgoing top quark (anti-top quark) 
flows in the direction of the colour field of the incoming 
quark (anti-quark): positive charge asymmetry
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� emission of extra radiation 
requires to decelerate the colour charge: 
negative charge asymmetry 
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[Kühn, GR, 1998]

At O(αS
2): top and antitop quarks have identical angular distributions 

However, a charge asymmetry arises at O(αS
3)
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[Kühn, GR, 1998]

At O(αS
2): top and antitop quarks have identical angular distributions 

However, a charge asymmetry arises at O(αS
3)

๏ color factor dabc
2 : top pair in color 

singlet, interference of C=+ with C=-  

๏ Loop (+soft) contribution larger than 
tree level                                             
top quarks are preferentially emitted 
in the direction of the incoming quark 
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SM charge asymmetry (aka FB) at Tevatron
๏ because of charge conjugation symmetry*:                                                           

equivalent to forward-backward

A lab =
N (yt > 0) ! N (yt̄ > 0)
N (yt > 0) + N (yt̄ > 0)

= 0.056(7)

At t̄ =
N (�y > 0) ! N (�y < 0)
N (�y > 0) + N (�y < 0)

=
0.087 (10) @ NLO
0.095 (7) @ NNLO

�y = yt ! yt̄

Nt̄(y) = Nt(�y)

* CP violation arising from electric or 
chromoelectric dipole moments does 
not contribute to the asymmetry
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๏        is equivalent to evaluate 
the asymmetry in the     rest 
frame because         is 
invariant under boost, but  

not a change in the SM 
prediction !!!

Alab < Att̄

tt̄
Att̄

! y

๏          needs to reconstruct either     or     , 
and it is the only “true” forward-backward 

๏          requires both top and anti-top, or  
๏ different systematics

Alab

Atøt ! y

yt yøt

Nt̄(y) = Nt(�y)

* CP violation arising from electric or 
chromoelectric dipole moments does 
not contribute to the asymmetry
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SM charge asymmetry (aka FB) at Tevatron

๏ Main difference among theoretical predictions due to choice of renormalization scale 
๏ asymmetry proportional to the strong coupling: BLM scale choice could increase the 

asymmetry 
๏ small dependence on PDFs / top quark mass: it´s a ratio 
๏ NNLO confirms consistency of theoretical predictions at NLO, with a light improvement 

of the theoretical error, and excludes a significant change of the central value (already 
anticipated by resummed predictions)
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maximal discrepancy with SM in 2011
๏ Since 2008, a systematic 1-2     positive discrepancy with the SM for the 

inclusive asymmetry 
๏ CDF [PRD83 (2011)112003 arXiv:1101.0034]          rest frame 5.3 fb-1

At t̄ (mt t̄ < 450 GeV) = �0.116± 0.146(stat)± 0.047(sys)

At t̄ (mt t̄ > 450 GeV) = 0.475± 0.101(stat)± 0.049(sys)

๏ below 450 GeV: negative asymmetry but 
still compatible with the SM within 1  

๏ above 450 GeV: positive asymmetry 
disagrees with the SM at 3.4  

๏ The deviation from the SM in the lab frame 
not as significant !!!!

�

�

!

tt̄



G. Rodrigo  Plank2016

New physics in the s-channel: Axigluons or KK 
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New physics in the t-channel

 

[Jung, Murayama, Pierce, Wells / Cheung, Keung,Yuan / Cao, Heng, Wu,Yang / Barger, Keung, Yu / Cao, McKeen, Rosner, 
Saughnessy, Wagner / Berger, Cao, Chen, Li, Zhang / Bhattacherjee, Biswal, Ghosh/ Zhou, Wang, Zhu / Aguilar-Saavedra, 
Perez-Victoria/ Buckley, Hooper, Kopp, Neil / Rajaraman, Surujon, Tait/ Duraisamy, Rashed, Datta, Shu, Tait,Wang / 
Cao,Heng,Wu,Yang / Dorsner, Faifer, Kamenik, Kosnik / Jung, Ko,Lee,Nam/ Patel, Sharma / Ligeti, Marques Tavares, 
Schmalz, …]
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Charge asymmetry at the LHC
๏ Asymmetry defined though 

‣                        determines whether the event is forward or backward 
‣                           same as at Tevatron 

AC =
N(�|y| > 0)�N(�|y| < 0)

N(�|y| > 0)�N(�|y| < 0)
=

8
>><

>>:

0.0115 (6) @ 7 TeV
0.0102 (5) @ 8 TeV
0.0059 (2) @ 14 TeV
0.026 (2) @ 8 TeV mtt̄ > 1.3 TeV

(yt + yøt )

�y = yt � yt̄

�|y| = |yt|� |yt̄| $ (yt + yt̄)�y
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๏ The LHC is       dominated (symmetric): asymmetry is diluted 
๏ in this sense Tevatron, which is a       collider was an unique place to probe 

the asymmetry, but no more data 
๏ introduce cuts to enrich the       sample: go differential 

‣ large         :        dominate at small x 
‣ large rapidities:       more central  
‣ tag quark events with initial-state         [Maltoni et al.]                      

gg

qq̄

qq̄

gg
gg

W±

mtt̄
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The asymmetry through the decay products

■ Direction of the lepton (anti-lepton) correlated with the direction of 
the top quark (anti-top quark), particularly for very boosted tops: 
same asymmetries  

!      leptons are well measured 
"  the asymmetry is diluted by a factor 2 (approx.) 

■ Top quarks are almost unpolarised in the SM
but BSM might polarise top quarks, and they                                        
decay before hadronising:                                                              
lepton asymmetries are sensible to BSM polarisation (angular distribution                                                      
of the lepton wrt the parent top) and spin correlations

[Godbole, Rao, Rindani,Singh / Jung, Ko, Lee/ Choudhury, Godbole, Rindani, Saha/ Cao, Wu, Yang / Melnikov, Schulze / 
Bernreuther, Si/ Krohn, Liu, Shelton, Wang / Bai, Han/ Baumgart, Tweedie, …]
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Are the Tevatron and LHC asymmetries correlated ?
๏ YES, in the SM (QCD): an excess at Tevatron predicts an excess at the LHC

๏ if the flavour asymmetries have opposite sign, the cancellation is different at 
Tevatron and the LHC 
– EW corrections at Tevatron > LHC (weak almost cancel, but are too small) 
– Sizable in BSM models [Brobnak, Kamenik, Zupan]

uøu d ød๏ BUT, at Tevatron the ratio of       wrt       events is 4:1 
๏ at the LHC it is 2:1
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current status
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Conclusions
▪ NNLO results confirm the stability of SM prediction to higher 

orders (already anticipated from resummed calculations). 

▪ Better agreement with the SM is not due to a change in the 
theory prediction but to a lower value of latest D0 
measurement, moreover CDF anomaly milder than before. 

▪ Tevatron anomalies have boosted a better understanding of 
the properties of the top quark in recent years, both for BSM 
model building and precision physics.  

▪ Plenty of room for further analysis of the top quark / lepton / 
and bottom asymmetries at the next run of the LHC.  

▪ Linear Collider: large EW asymmetry from Z exchange at tree-
level / probe of complementary BSM.
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Bottom quark asymmetry
 

 

 

[Hogan et. al., D0]


