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Outline

• New physics contributing to        and          
production

• Forward-backward asymmetry @ Tevatron 

•       tail @ LHC

• Like-sign constraints

tt̄ tt

tt̄
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•Total Cross Section (shape)  ✓ 

•FB Asymmetry (shape)  ??!!  ☺

Top pair 
production
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New Bosons at 
Tree Level
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Vectors Rep Channel
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Vectors Rep Channel
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Opposite sign tops @ Tevatron

σt = σF + σB

!= ASM
FB

= σSM
t

(CDF)

σF,B = σF,B
SM + σF,B

int + σF,B
new

AFB =
σF − σB

σF + σB

∼ g2
new

M2
new

∼ g4
new

M4
new
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Opposite sign tops @ Tevatron

(CDF)

σF
int + σB

int = 0

σF
int + σB

int = −(σF
new + σB

new)

New physics must satisfy one of the following eqs.

σF,B = σF,B
SM + σF,B

int + σF,B
new

σt = σF + σB

!= ASM
FB

= σSM
t

AFB =
σF − σB

σF + σB
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Opposite sign tops @ Tevatron

(CDF)

σF
int + σB

int = 0

σF
int + σB

int = −(σF
new + σB

new)

New physics must satisfy one of the following eqs.

Large coupling/mass Large effects elsewhere

σF,B = σF,B
SM + σF,B

int + σF,B
new

At given mtt̄

E.g.        axial G

σt = σF + σB

!= ASM
FB

= σSM
t

AFB =
σF − σB

σF + σB
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Tail @ LHCtt̄

If AFB is due to new physics, we should notice it 
in the cross section distribution at large mtt

10



Tail @ LHCtt̄

If AFB is due to new physics, we should notice it 
in the cross section distribution at large mtt

Talk by J.A. Aguilar-Saavedra on Friday 
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Like-sign constraints

uu→ tt very small in SM   ⇒  σ(tt) = σnew(tt)
(no interference)

CDF (6.1 fb-1)

LHC (1 fb-1)

LHC (35 pb-1)

estim
ated

σ(tt + t̄t̄) < 0.49 pb

σ(tt) < 7.5 pb

σ(tt) < 1.4 pb
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Limits on Couplings/Masses   (heavy)

Z’ (t-channel) Gluon’ (t-channel)

−Bµ (gq
13q̄L1γ

µqL3 + gu
13ūR1γ

µuR3) −Ga
µ

(
gq
13q̄L1γ

µ λa

2
qL3 + gu

13ūR1γ
µ λa

2
qL3uR3

)
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LHC expected
CDF limit 35 pb−1 1 fb−1

Wµ |g13|/Λ < 2.02+0.07
−0.08 0.827+0.020

−0.021 0.544+0.013
−0.014 TeV−1

Hµ |g13|/Λ < 3.50+0.13
−0.13 1.433+0.034

−0.037 0.942+0.022
−0.024 TeV−1

Q5
µ |g11g33|/Λ2 < 3.72+0.26

−0.27 0.716+0.038
−0.039 0.310+0.017

−0.017 TeV−2

Y5
µ |g11g33|/Λ2 < 8.6+0.7

−0.9 1.32+0.06
−0.06 0.568+0.025

−0.027 TeV−2

φ |gu13g
u
31|/Λ

2 < 11.2+0.8
−0.8 1.94+0.09

−0.10 0.838+0.040
−0.043 TeV−2

Φ |gu13g
u
31|/Λ

2 < 21.3+1.6
−1.6 3.67+0.18

−0.19 1.59+0.08
−0.08 TeV−2

Ω4 |g11g33|/Λ2 < 3.79+0.27
−0.28 0.684+0.033

−0.035 0.296+0.014
−0.015 TeV−2

Σ |g11g33|/Λ2 < 2.04+0.15
−0.15 0.342+0.017

−0.017 0.148+0.007
−0.008 TeV−2

Table 3: Upper limits on the couplings for the remaining vector boson and scalar

representations.

brevity (see also Ref. [16], and Refs. [17] for 1/Λ2 calculations). On the other hand,

the explicit operator coefficients corresponding to all possible vector boson and scalar

representations have been obtained in Ref. [9]. (For vector bosons they were previously

given in Ref. [4].) We collect them in Tables 4–7, but including only the representations

relevant for like-sign top production. A comparison with the coefficients of operators

mediating tt production in Table 2 allows to find the relation between both processes,

if any.

For the singlets Bµ (Z ′ bosons), the operators O3113
qq , O3113

uu contributing at first

order to tt̄ production depend on the couplings gq13 and gu13 (see Table 4), which are

the very same couplings appearing in like-sign tt. (These and other couplings which

are involved in tt production are displayed in blue for a better identification.) This

relation comes from the fact that these operators correspond to t-channel exchange of

the vector boson in uū → tt̄, which is related to tt production by conjugation of the

ūγµtBµ vertex (Bµ is real). At the quadratic level we find, for example, the operators

O1133
qq , O1133

uu , which involve diagonal couplings g11, g33. They correspond to s-channel

exchange of the new boson and have no counterpart in tt production. Therefore, a

direct relation among tt̄ and tt production exists when s-channel contributions to the

former are absent or negligible.4 This is indeed the case in several models proposed

4It is possible to get around this relation and evade the constraints from tt production by intro-

ducing two bosons in the same irreducible representation with degenerate masses and couplings that

differ by a factor of i. Then, the respective contributions to tt production cancel each other. This

mechanism can be natural if both bosons belong to a multiplet of an extended (flavour) symmetry of

7

Limits on Couplings/Masses   (heavy)
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tt vs tt̄
• Some common couplings, different combinations in 
general 

• Direct relation only for t-channel exchange of real 
field with neutral component: B, W, G, H,

u u

u

t t

tt̄ū

• No direct relation for t-channel exchange of 
complex reps: φ, Φ
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tt vs tt̄
Further remarks:

• These strong constraints can be avoided in models 
with an additional degenerate boson with coupling 
differing by factor of i  (to build a complex field).

• Scalar doublets:                          vs                 .|gu
13|2, |gu

31|2 |gu
13g

u
31|
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Conclusions
• Intriguing hints of new physics in top pair 
production at Tevatron

•  Also, robust constraints from top pairs at Tevatron 
and LHC (more results in Aguilar-Saavedra’s talk)

• Using gauge symmetries, it is possible to discuss 
new physics in a general model-independent fashion.

• More (exciting?) news from CERN and Fermilab 
very soon
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Label Rep. Interaction Lagrangian Sym.

Bµ (1, 1)0 −
(

gqij q̄Liγ
µqLj + guijūRiγµuRj + gdijd̄RiγµdRj

)

Bµ g = g†

Wµ (1, 3)0 −gij q̄Liγµτ IqLj WI
µ g = g†

B1
µ (1, 1)1 −gijd̄RiγµuRj B1†

µ + h.c. –

Gµ (8, 1)0 −
(

gqij q̄Liγ
µ λa

2
qLj + guijūRiγµ λa

2
uRj + gdij d̄Riγµ λa

2
dRj

)

Ga
µ g = g†

Hµ (8, 3)0 −gij q̄Liγµτ I λa

2
qLj HaI

µ g = g†

G1
µ (8, 1)1 −gijd̄Riγµ λa

2
uRj G1a†

µ + h.c. –

Q1
µ (3, 2) 1

6
−gijεabcd̄RibγµεqcLjcQ

1a†
µ + h.c. –

Q5
µ (3, 2)− 5

6
−gijεabcūRibγµεqcLjcQ

5a†
µ + h.c. –

Y1
µ (6̄, 2) 1

6
−gij

1

2

[

d̄RiaγµεqcLjb + d̄RibγµεqcLja
]

Y1ab†
µ + h.c. –

Y5
µ (6̄, 2)− 5

6
−gij

1

2

[

ūRiaγµεqcLjb + ūRibγµεqcLja
]

Y5ab†
µ + h.c. –

φ (1, 2)− 1
2

−guij q̄LiuRj φ− gdij q̄LidRj φ̃+ h.c. –

Φ (8, 2)− 1
2

−guij q̄Li
λa

2
uRj Φa − gdij q̄Li

λa

2
dRj Φ̃a + h.c. –

ω1 (3, 1)− 1
3

−gijεabcd̄Ribuc
Rjc ω

1a† + h.c. –

Ω1 (6̄, 1)− 1
3

−gij
1

2

[

d̄Riauc
Rjb + d̄Ribuc

Rja

]

Ω1ab† + h.c. –

ω4 (3, 1)− 4
3

−gijεabcūRibuc
Rjc ω

4a† + h.c. g = −gT

Ω4 (6̄, 1)− 4
3

−gij
1

2

[

ūRiauc
Rjb + ūRibuc

Rja

]

Ω4ab† + h.c. g = gT

σ (3, 3)− 1
3

−gijεabcq̄Libτ IεqcLjc σ
a† + h.c. g = −gT

Σ (6̄, 3)− 1
3

−gij
1

2

[

q̄Liaτ IεqcLjb + q̄Libτ IεqcLja
]

ΣIab† + h.c. g = gT

Table 1: Vector bosons and scalar representations mediating uū, dd̄ → tt̄.

4

Same sign 

 (Color , Isospin)Hypercharge of new fields

21



Kinematics

Heavy particles

Light particles
s

t

u

Effective Operators

Propagator
Enhances asymmetry

Resonance!

Propagator
Reduces asymmetry
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