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Forward-backward asymmetry in tt̄ production

Charge-(a)symmetric cross section
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Measurement at Tevatron: inclusive and in bins of invariant mass Mtt̄

(At
FB)pp̄

exp = (15.0 ± 5.0stat ± 2.4syst)%

(At
FB)Mtt̄ > 450 GeV

exp ≡ (At,>
FB )exp = (47.5 ± 11.4)%

[CDF ’11]
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Standard Model predictions versus Tevatron data
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Asymmetric observables lie significantly below the measurement.

Standard deviations δOSM and δOexp added in quadrature. 3



A large charge asymmetry from New Physics

Vector V (axial-vector A) current is odd (even) under charge conjugation.

Standard Model: At
FB at NLO

σa ∼ α3
s

New physics: At
FB at tree level

σa ∼ −αs g
q
Ag t
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+ 10% electroweak corrections

NLO+NNLL: [Ahrens et al. ’11]

(At
FB)pp̄

SM = 4% − 5.6%
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+ t- and u-channel new physics

Tree-level effects in cross section:

σs ∼ αs g
q
V g t

V .

Good fit to tt̄ observables expected for g
q
Ag t

A < 0 and |gV /gA| < 1.
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Top-quark pair production in Randall-Sundrum models

Massive Kaluza-Klein (KK) gluons G (k)

with effective vector and axial-vector couplings to quarks,

C
qq̄
V =

∑

X ,Y=L,R

C
qq̄
XY , C

qq̄
A =

∑

X 6=Y

C
qq̄
XX − C

qq̄
XY .

Interference with Standard-Model gluon:

q

q

t

t
G (k)

u

u

t

t

G (k)

u

u

t

t

Z , Z (k) γ(k)

u

u

t

t

H

Effective theory for MG & 1 TeV:

Leff =
∑

X ,Y=L,R

C
qq̄
XY Q

qq̄
XY , Q

qq̄
XY = (q̄X γµT aqX )(t̄Y γµT a tY )
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Quark mass hierarchy from a warped extra dimension

The masses and mixings of quarks follow from their localization along the
extra dimension: [Grossman, Neubert ’99, Gherghetta, Pomarol ’00]

IRUV
F (ctR )

F (ctL)
G

tL

tR
qL,R

These quark field “profiles” depend on the bulk mass parameters cqL,R
.

For anarchic 5D Yukawa couplings one has

ctL,R
> −1

2 : F 2(ct) ≈ (1 + 2ct) ,

cqL,R
< −1

2 : F 2(cq) ≈ (−1 − 2cq) eL(2cq+1) , L = log MPl

MW
≈ 37
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Couplings of quarks to Kaluza-Klein gluons

The vector coupling C
qq̄
V is governed by the top-quark profiles:

C
qq̄
V ∼

4παs

M2
G

[

F 2(ctL) + F 2(ctR ) + F 2(cqL
) + F 2(cqR

)
]

=
4παs

M2
G

O(1)

The axial-vector coupling C
qq̄
A is doubly suppressed:

• Light quarks reside in the UV → exponential.

• Left- and right-handed light quarks exhibit similar profiles → linear.

C
qq̄
A ∼

4παs

M2
G

[

F 2(ctL) − F 2(ctR )
][

F 2(cqL
) − F 2(cqR

)
]

=
4παs

M2
G

O(10−3)

(ctL − ctR ) (cqL
− cqR

) eL(1+cqL
+cqR

)

No increase of At
FB by tree-level KK gluon exchange ∼ C

qq̄
A .

l l
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Vector contributions to At
FB at next-to-leading order

The suppression of the asymmetry in qq̄ → tt̄ at tree level is lifted at
next-to-leading order (NLO) by vector contributions. [Bauer et al. ’10]
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(At
FB)pp̄

RS =

[

1 + 0.22C̃uū
A + 0.034C̃uū

V

1 + 0.053C̃uū
V

]

(

5.6+0.8
−1.0

)

%

Tree-level contributions in σs (over-)compensate NLO contributions in σa.

No enhanced asymmetry at NLO: (At
FB)RS . (At

FB)SM.

C̃uū
V = 1 TeV2 Cuū

V = O(1) , C̃uū
A = 1 TeV2 Cuū

A = O(10−3)
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Generalization: Heavy colour-octet bosons in tt̄ production

Combined fit to At
FB, σtt̄ , and dσtt̄/dMtt̄ in the bin Mtt̄ ∈ [0.8, 1.4]TeV.
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Best fit point (×):

(C̃A
uū, C̃

V
uū) = (8.3, 1.4)

Improvement w.r.t. SM (•) for

• large axial-vector couplings
at tree level (At

FB, A
t,>
FB )

• moderate vector couplings
(σtt̄ , dσtt̄/dMtt̄)

At
FB

σtt̄

For MG . 1TeV, width effects and contributions ∼ M−4
G are important.
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Constraints on massive colour octets in qq̄ → tt̄

• Dijet production at the LHC [ATLAS, CMS ’10,’11]

Resonances in pp → G → jj spectrum and angular distribution

• Electroweak precision observables

Zbb̄ coupling, decay width ΓZ

q

q̄

G
Z

• Flavour-changing neutral currents at tree level (model-dependent)

Neutral meson mixing (ǫK ) qj

qi

qi

qjG

[Bai, Hewett, Kaplan, Rizzo ’11, Haisch, Westhoff ’11, et al.]
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Charge asymmetry at the LHC

The process pp → tt̄ is symmetric ⇒ no forward-backward asymmetry.

Top quarks are preferentially emitted along the beam axis at large rapidity:

q̄ q

t

t̄
q q̄

t̄

t

Charge-asymmetric contributions to qq̄ → tt̄ can be probed by an
asymmetry in pseudo-rapidities η, [Antunano, Kühn, Rodrigo ’98,’08]

Aη =
N(∆η > 0) − N(∆η < 0)

N(∆η > 0) + N(∆η < 0)
, ∆η = |ηt | − |ηt̄ | ,

(Aη)exp = (6.0 ± 13.4stat ± 2.6syst)% (36pb−1) [CMS ’11]

(Aη)SM = (1.3 ± 0.1)%
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To be taken home

No large forward-backward asymmetry in Randall-Sundrum models
with anarchic flavour structure:

• Axial-vector couplings of KK gluons to light quarks are
strongly suppressed.

• Vector contributions at NLO are constrained by the tt̄ cross
section.

Dijet production at the LHC sets strong constraints on new physics
in tt̄ production.

The tt̄ charge asymmetry can be probed at the LHC with
rapidity-dependent observables.
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