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EFT

•Assumption : Eexp <<Λ

•Model independent (i.e. parametrize a 
large class of models) : any HEAVY NP

Parametrize any NP but an ∞ number of coefficients

L = LSM +
∑
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EFT contribution

•Interference only :

•with the dominant (QCD) process
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Top pair production : The effective Lagrangian

Building the effective Lagrangian:

1 Top-philic ⇒ each operator contains at least one top quark.

2 The operators have to be invariant under the SM symmetries.

3 First order in the 1
Λ ⇒ dimension-six operators O

(
Λ−2

)
.

4 Interference with the SM (QCD process)

|M|2 = |MSM |2 + 2" (MSMM∗
dim6) +O

(
Λ−4

)

⇒ new operators must contain gluons or light quarks and top
quarks.

C. Degrande (UIUC/UCL) 7 June 2012, Vancouver 5 / 18
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(SM-like) Top decay

C. Zhang, S Willenbrock, PRD83, 034008

J.A. Aguilar-Saavedra, NPB843, 683
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+ one four-fermion operator for the hadronic decay
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Width and W helicities

* arXiv:1404.2292
** M.Jezabek and 
J.H. Kuhn, 
NPB314,1
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FB asymmetry
Aobs

FB = 0.162 ± 0.047

ASM
FB = 0.066± 0.007

cAa = cRa − cLa

! AF B = 0.047+0.016
−0.011cAa

(
1 TeV

Λ

)2

cAa

(
1 TeV

Λ

)2

= 2.04+2.12
−1.38TeV

−2

(CDF:1211.1003 )
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Same sign top pair production
•Almost no SM contribution

bottom quark mass. Lowest order contributions are thusO (Λ−4) contrary to
opposite sign top pair production for which the largest correctionsarise from
the O (Λ−2) interference. After integration over t, the cross-section grows
like s as expected from dimensional analysis. In fact, only the interference
between theLR operators is proportional tom2

t , see Eq. (4), and does not
have this behaviour. As a consequence, a large part of the total cross-section
at the LHC comes from the region wheremtt ∼ 1 TeV as shown on Fig. 2.
In this region, however, the 1/Λ expansion cannot be trusted for values of
Λ around 1 TeV we consider in our study. There is no such concern atthe
Tevatron as themtt distribution is peaked instead below 500 GeV. Figure 3
displays the cross-section with a upper cut onmtt at Λ/3 as a function of
Λ for ci = 1, where ci is a generic label for the coefficients in Eq. (2). This
choice ensures that themtt distribution is at most about 20% below (above)
its true value for ans- (t-) channel exchange. The general case can be easily
inferred since the coefficient dependences factorise in Eq. (4). At14 TeV,
the cross-section increases by a factor 2 forΛ ∼ 2 TeV up to a factor 4 for
Λ ∼ 14 TeV.

u d, s, b t

u d, s, b t

W W

Figure 1: SM contribution to uu → tt
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Figure 2: Normalized invariant mass distribution for same sign top pair production at the
LHC. The distribution can be trusted only for mtt # Λ. The interference between the
SM and the four-fermion operators as well as the SM for tt̄ production are also displayed
for comparison.

4

|M |2 ≈ 02 + 2" (0M !
dim 6) + |Mdim 6|2 +O

!
! " 6

"

very distinctive signatures at hadron colliders can be exploited to look for
new particles associated to its production or decay. This is of course natu-
ral if the masses of such new hypothetical states are in the range accessible
at the present collider energies, i.e., at the Tevatron and LHC. However,
it is important to consider also the possibility that these states are slightly
heavier and cannot be produced on shell. In this case new degrees of free-
dom enter only at the virtual level to modify the production and/or decay
properties of the top quark. One well known candidate for such effects is
the forward-backward asymmetry (AFB) measurement at the Tevatron [3],
possibly the first hint for new physics in the top sector. This is exactly
where a model-independent approach based on effective operator description
is mostly useful [4, 5, 6, 7, 8, 9, 10].

Recently, all the operators that could describe new physics effects in top
pair production both at the Tevatron and the LHC have been classified [11,
5, 6, 7], including those affecting AFB. At the LHC, the low probability to
have a quark-antiquark initial state prevents large contributions from the
four-fermion operators. In this work we start from the known observation
that this issue is avoided for same sign top pair production and we perform
a complete analysis, including the possible relation with resonant states.

After introducing a complete basis of effective operators, we compute the
total cross-section, the invariant mass distribution mtt and the spin correla-
tions in a model independent way. All possible t- and s-channel exchanges of
heavy particles are expressed in terms of those dimension-six operators. The
former may link same and opposite sign top pair productions. However, as
we will show, it is disfavored when the cross-section [12], the AFB [3] and the
invariant mass distribution [13] measurements are considered simultaneously.

2. The operators

Any operator contributing to same sign top pair production can be ex-
pressed as a linear combination of

ORR = [t̄Rγ
µuR] [t̄RγµuR]

O(1)
LL =

!
Q̄Lγ

µqL
" !

Q̄LγµqL
"

O(3)
LL =

!
Q̄Lγ

µσaqL
" !
Q̄Lγµσ

aqL
"

O(1)
LR =

!
Q̄Lγ

µqL
"
[t̄Rγµ uR]

O(8)
LR =

!
Q̄Lγ

µTAqL
" !

t̄Rγµ TAuR

"
(1)

2

∆F = 2 != ∆F = 0

!
!
!c(1)LL + c(3)LL

!
!
!

"
1 TeV

Λ

# 2

< 2.1 10−4

∝ m2
bVub

2

C.D. Gerard,Grojean,Maltoni,Servant,PLB703, 306
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Invariant mass

bottom quark mass. Lowest order contributions are thusO (Λ−4) contrary to
opposite sign top pair production for which the largest corrections arise from
the O (Λ−2) interference. After integration over t, the cross-section grows
like s as expected from dimensional analysis. In fact, only the interference
between the LR operators is proportional to m2

t , see Eq. (4), and does not
have this behaviour. As a consequence, a large part of the total cross-section
at the LHC comes from the region where mtt ! 1 TeV as shown on Fig. 2.
In this region, however, the 1/Λ expansion cannot be trusted for values of
Λ around 1 TeV we consider in our study. There is no such concern at the
Tevatron as the mtt distribution is peaked instead below 500 GeV. Figure 3
displays the cross-section with a upper cut on mtt at Λ/3 as a function of
Λ for ci = 1, where ci is a generic label for the coefficients in Eq. (2). This
choice ensures that the mtt distribution is at most about 20% below (above)
its true value for an s- (t-) channel exchange. The general case can be easily
inferred since the coefficient dependences factorise in Eq. (4). At 14 TeV,
the cross-section increases by a factor 2 for Λ ! 2 TeV up to a factor 4 for
Λ ! 14 TeV.
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Figure 1: SM contribution to uu " tt
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Figure 2: Normalized invariant mass distribution for same sign top pair production at the
LHC. The distribution can be trusted only for mtt # Λ. The interference between the
SM and the four-fermion operators as well as the SM for t t̄ production are also displayed
for comparison.
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Cross-section
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Figure 3: Cross-section ofpp → tt at the LHC with an upper cut on the invariant mass
at Λ

3 for ci = 1. Parameters: mt = 174.3 GeV, CTEQ6L1 pdf set [15],µF = µR = mt.

Figure 2 shows that the mtt shapes given by the different operators, ap-
pear to be quite similar. The maximal effect of the interference term corre-
sponds approximatively to the linear combination O(1)

LR−2O(8)
LR. As foreseen,

the interference can only give a sizeable effect for low mtt since it does not
grow with s. Again, there are no significant changes at 14 TeV. The distri-
bution is only stretched to the higher invariant mass region.

In contrast with the mtt distribution, the spin correlations provide in
principle a very efficient observable to discriminate among the contributions
from the various operators in Eq. (1). The main reason is that the latter
have a well defined chirality structure and no interference with the Standard
Model is possible. Let us define the normalized differential tt cross-section

1

σ

dσ

d cos θ1d cos θ2
=

1

4
[1 + C cos θ1 cos θ2

+b (cos θ1 + cos θ2)] , (5)

where θ1 (θ2) is the angle between the momentum in the top rest frame of
the charged lepton resulting from the first (second) top decay and the top
momentum in the tt rest frame. Then, the C and b parameters can be directly
computed from the helicity cross-sections, namely

C =
1

σ
(σ++ + σ−− − σ+− − σ−+)

b =
1

σ
(σ++ − σ−−) , (6)

where the first (second) indice refers to the helicity of the first (second) top

quark. For ORR, C = 1 and b = 0.997. For O(1)
LL and O(3)

LL, only the sign of b

5
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Spin correlations
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ν
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σ
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dcos θ1dcos θ2
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1

4
(1 + C cos θ1 cos θ2 + b(cos θ1 + cos θ2))

ORR ! C = 1 , b = 0 .997

OLL → C = 1, b = −0.997

OLR → C ∼ 1, b ∼ 0
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1

σ
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Concluding remarks
•EFT is complementary to searches 

of new particles

•EFT is predictive = guide NP 
searches

•Few operators have been 
neglected (small effects)

•No new operators for single top

•Common operators for other 
processes like tth

•Many other interesting processes 
with the top
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Conclusion

EFT is a model independent way
to search for heavy new physics

EFT can be probed/constrained
at hadron colliders

Top pair production is only one
example :

top decay
single top
same sign top pair production
Higgs production
weak boson pair production
...

Available in MG5
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