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• Working hypothesis: AFB is due to New Physics

• since the effects are large ⇒ tree level

• t-channel? s-channel?

• Here: I review models where t-channel is 
important

• “light NP” ~ O(300-500 GeV)

the scope
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• Models have to be nontrivial

• no significant effect in dσ/dMtt

• constraints from dijets 

• same sign tops

• single top production

• flavor constraints

see also talks by T. Schwarz, A. Harel, B. Pecjak

nontrivial 

3

see a talk by A. Kagan this afternoon
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• First question: does it have to interfere 
with SM?

• cross section agrees with the SM

new physics?
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model indep. fit
• σB is large and negative

• it has to interfere with 
the SM

• if s-channel resonance:

• to interfere with 
one-gluon exchange 
has to be color-octet

• cannot be a scalar ⇒ “axigluon”
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three sets of “t-
channel”models

• “t-channel” models

• large flavor violation

• flavor conserving

• not exactly ttbar, but ttbar+X (so no 
inteference)
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for heavy modes and AFB see a talk by O. Gedalia
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Gresham, Kim, Zurek, 1103.3501

comparing with data

• CDF quotes also “deconvoluted”AFB and dσ/dmtt 
• maybe easiest to compare with the NP models 

• but deconvolution done assuming SM ttbar 
production 

• for very forward ttbar production this may be a 
problem

• especially for dσ/dmtt where deconvolution 
using η integrated efficiencies

7
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400 GeV ZH

600 GeV scalar 
triplet

LO SM
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several comments

• effect most important for light t-channel
• expected bigger for vectors than scalar
•  Gresham et al. compare with cross section in 1101.0034 not in 

0903.2850

• implicitly cuts(0903.2850)=cuts(1101.0034)
• have performed a new analysis

• approach that is useful for “Mathematica based “ studies 

• easier to scan over many models

• Madgraph+Pythia+PGS need to be run only ones

• exact in the limit of small bins and no spill-over

9

Grinstein, Kagan, Trott, JZ, in preparation
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• make a 2D set of bins in mtt and Δy
• use Madgraph to generate SM ttbar partonic cross section

• but restricted to a particular bin in mtt and Δy

• trick: implement cuts directly in Subprocesses/
cuts.f

• run through Pythia+PGS to obtain efficiencies κij (i- bin 
in mtt, j-bin in Δy)

• the “correction factor” to be used when comparing with 
CDF dsigma/dmtt measurement is

details
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large flavor violation

• large flavor violation: e.g. only t-u coupling

• example: non-Abelian model of Jung et al.

• tR and uR are in a doublet of SU(2)X

• W’ and Z’ gauge bosons of SU(2)X (EM neutral)

• this avoids same sign tt constraints that kill the 
Abelian model 

• if SU(2)X broken by a scalar doublet ⇒ “SU(2)X 
custodial symmetry” ⇒ mW’=mZ’

• custodial symm. needs to be broken for viable 
phenomenology

12

t

u

t̄

ū

S. Jung, A. Pierce, J. D. Wells 1103.4835

S. Jung, H. Murayama, A. Pierce, J. D. Wells, 0907.4112
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non-custodial 
lagrangian

• θ≠0 ⇒ tR and uR numbers are broken
• cosθ  needs to be close to one so that large AFB from u-t-W’ 

and small u-u-W’ ( 0.92 < cosθ )
• but dijets require cosθ<1 so that reduced u-u-Z’ coupling
• their prefered choice is 

• gives AFB(>450)=0.22 (0.30)
13



Weizmann, mini-t workshop, May 28, 2011J. Zupan   AFB and light physics (a mini review)

non-custodial 
lagrangian

• θ≠0 ⇒ tR and uR numbers are broken
• cosθ  needs to be close to one so that large AFB from u-t-W’ 

and small u-u-W’ ( 0.92 < cosθ )
• but dijets require cosθ<1 so that reduced u-u-Z’ coupling
• their prefered choice is 

• gives AFB(>450)=0.22 (0.30)
13

uncorrected xsecs



Weizmann, mini-t workshop, May 28, 2011J. Zupan   AFB and light physics (a mini review)

flavor structure
• if there is an SU(2)X doublet with vev.

• generates (only) top mass from dim 5 operator

• unspecified in their paper, but potentially

• charm quark a mass from dim 4 operator (SM yukawa)

• u-quark mass from higher dim. ops.?
• vacuum alignment problem:

• the charm quark direction needs to be aligned finely so that no 
uR-cR-W’ or uR-cR-Z’ couplings

• the direction of scalars giving mass to W’-Z’ need to be aligned 
with top-quark mass direction to ~5% (note: these are 
necessarily different scalars)

• also extra states so that the SU(2)X is not anomalous
14

S. Jung, A. Pierce, J. D. Wells 1103.4835
another example: Shelton, Zurek 1101.5392
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Afb from guts
• non-SUSY SU(5) model

• 45-dim higgs rep. is split

•  two light scalars at TeV: Δ6~(3,1,-4/3), Δ1~(8,2,1/2)

• these do not mediate proton decay at tree level

• the remaining part of the multiplet heavy
• to have gauge coupl. unif.: similar split in 24-dim fermionic mutiplet 

•  also gives neutrino masses through type I and III see-saw
• to have positive AFB m(Δ6)~300 GeV, m(Δ1)~1 TeV

• Δ1 is making   AFB more negative
• the couplings to fermions are nontrivial 

• u-c-Δ6,1 have to be small so that no D-Dbar mixing contribs.

• they arise at 1-loop then

• also dijets constraints 
15

Dorsner, Fajfer, Kamenik, Kosnik, 0912.0972; 1007.2604
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Giudice, Gripaios, Sundrum, 1105.3161

“Flavourful Production 
at Hadron Colliders”

• another example of large flavor violation

• focus on diquarks

• assume that couplings to quarks hierarchical in the 
same basis as yukawas are hierachical

• depending on color assignment there may or may 
not be tree level FCNCs

• for AFB most interesting the diquarks that couple 
antisymmetrically 

• “perverted hierarchy”

• one needs “chiral hierarchy”

16
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•     production is not flavor violating

• so why flavor violating models?
• in s-channel: to have AFB>0 ⇒ coupl. to       opposite to    

• is flavor diagonal but not flavor universal!

• so inherent flavor violation to the model is likely 
• in t-channel: large u-t (d-t) couplings 

• in concrete models one has to worry about FCNCs

• option 1): make c-t and u-c coupls. small 

• option 2): protected by flavor symmetry

flavor conserving 
models

17

Shelton, Zurek, 1101.5392
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Grinstein, Kagan, Trott, JZ, 1102.3374

Generally
• a quick general analysis:

• assume SM flavor symmetries

• list all possible scalar and vector fields that can couple to 
quarks renormal.

• vectors: 22 possibilites
• scalars: 14 possibilities
• most of these could contribute to/generate AFB

• will focus only on two 

• vector color octet, octet of flavor

• scalar color sextet, sextet of flavor

• for concreteness for flavor breaking we can assume MFV

• the exact form not really essential, just that is small
18
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Case SU(3)c SU(2)L U(1)Y SU(3)UR × SU(3)DR × SU(3)QL Couples to
I 1 2 1/2 (3,1,3̄) ūR QL

II 8 2 1/2 (3,1,3̄) ūR QL

III 1 2 -1/2 (1,3,3̄) d̄R QL

IV 8 2 -1/2 (1,3,3̄) d̄R QL

V 3 1 -4/3 (3,1,1) uR uR

VI 6̄ 1 -4/3 (6̄,1,1) uR uR

VII 3 1 2/3 (1,3,1) dR dR

VIII 6̄ 1 2/3 (1,6̄,1) dR dR

IX 3 1 -1/3 (3̄,3̄,1) dR uR

X 6̄ 1 -1/3 (3̄,3̄,1) dR uR

XI 3 1 -1/3 (1,1,6̄) QL QL

XII 6̄ 1 -1/3 (1,1,3) QL QL

XIII 3 3 -1/3 (1,1,3) QL QL

XIV 6̄ 3 -1/3 (1,1,6̄) QL QL

MFV scalars
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MFV scalars

Case SU(3)c SU(2)L U(1)Y SU(3)UR × SU(3)DR × SU(3)QL Couples to
Is,o 1,8 1 0 (1,1,1) d̄R γµ dR

IIs,o 1,8 1 0 (1,1,1) ūR γµ uR

IIIs,o 1,8 1 0 (1,1,1) Q̄L γµ QL

IVs,o 1,8 3 0 (1,1,1) Q̄L γµ QL

Vs,o 1,8 1 0 (1,8,1) d̄R γµ dR

VIs,o 1,8 1 0 (8,1,1) ūR γµ uR

VIIs,o 1,8 1 -1 (3̄,3,1) d̄R γµ uR

VIIIs,o 1,8 1 0 (1,1,8) Q̄L γµ QL

IXs,o 1,8 3 0 (1,1,8) Q̄L γµ QL

X3̄,6 3̄,6 2 -1/6 (1,3,3) d̄R γµ Qc
L

XI3̄,6 3̄,6 2 5/6 (3,1,3) ūR γµ Qc
L

MFV vectors
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• these fields have O(1) coupls. to quarks (all gens.)
• an example: flavor singlet vector (s-channel)

• need breaking : yukawas can flip the sign of ttbar coupling 

• our example: flavor octet vector (s-channel)

• the sign of coupl. to top pair is opposite to the one for u,c

• this is without any flavor violation (no yukawa insertions)

forward backward 
asymmetry

19

Q̄L γµ QLVµ = t̄L γµ tL + ūL γµ uL + · · ·

Q̄L γµ Y †
UYUQLVµ = y2

t t̄L γµ tL

(
Q̄L TAγµQL

)
V A

µ = 1√
3
V 8

µ

(
ūL γµ uL + c̄L γµ cL − 2t̄L γµ tL

)
+ . . .

t t̄

u ū
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forward backward 
asymmetry

• flavor octet: t-channel

• O(1) flavor changing term (no CKMs) 
• so why no FCNCs?
• in the flavor symmetric limit the propagator

 

• there are no ΔF=2 amplitudes unless GF broken

• e.g. for Bs mixing would need 
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vector octet
• an example: vector, octet of color,  (8,1,1) of flavor (couples to              )
• plots  (mV,  (ηabη33)1/2, ηa3, ΓV/mV): 

• (300 GeV, 1,1.33, 0.08); (1200 GeV, 2.2, 4.88, 0.5)
• note: no large hierarchy in couplings

• the difference natural due to yt breaking
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sextet scalar
• an example: scalar, sextet of color,  (6,1,1) of flavor (couples to              )
• plots  (mS,  ηa3, ΓS/mS): 

• (390 GeV, 1.95, 0.1); (1300 GeV, 4.9, 0.5)
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other observations

• if V,S in nontrivial flavor representation ⇒ no 
like-sign top pairs (t-channel)

• since O(1) couplings to all generations: dijet 
constraints are potentially important

• but small enough/below bounds

• need some flavor breaking for the sextet scalars
• can we explain Bs mixing anomaly?

• using just one set of fields?

• need to couple to QL
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Bs mixing

• the set of models that involve QL: possible to 
generate Bs mixing anomaly

• need flavor breaking (here from MFV)

• these MFV theories are protected against 
large FCNCs

• effects naturally of the right order

• need large tanβ (i.e. yb~O(1)) for large phase

• flavor universal phases needed
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• three classes of models

• type-I operators: universal Bd and Bs

• type-II operators: contribute just to Bs

• linear in ys

• quadratic in ys

• the couplings are different than in      production

typical scales
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Isidori, Kamenik, 1103.0016

incoherent production
• AFB due to incoherent production of ttbar+invisible

• at present cannot give better than 2σ agreement with exp.

• somewhat comparable with other t-channel models
• one needs large AFB in new sector (ideally ~100%)

• necessarily from light t-channel

• stop (200 GeV) + SU(2)LxU(1)Y singlet (2 GeV)

• the production process is

• extra MET changes ttbar spectrum, could be used for 
detection - at present not sensitive yet

• χ can be a dark matter candidate, but not a simple thermal relic

26
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additional signals at 
colliders

• some signals are quite generic for many t-channel 
models

• a t+j resonance in pp→t tbar+j

• in addition use also distrib. in cosθtj
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additional signals at 
colliders

• measurement of the ~AFB directly at LHC

• LHC: symmetric init. 
state

• but the distribution in 
η is different

• so one can define charge asymmetry in the central 
region
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additional signals at 
colliders

• with LHCb also possible to  measure 
charge assymm. in very forward region

• very forward region

• another definition: asymmetry with 
respect to boost direction

29
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additional signals

• other signals that may depend on the models

• pair production of new states

• single top production

• if the states very light: top decays

• potential for a signal in the presently constraining 
observables

• dijets

• like-sign tops

• FCNCs

• t tbar+X (e.g. t tbar +MET)
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conclusions

• if AFB due to light O(300 GeV) states

• vectors slightly preferred

• models with large flavor breaking and 
flavor conserving models
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• CDF announced evidence for FBA in     prod.

• for Mtt>450 GeV Att = 0.475 ± 0.114 vs. SM@NLO:  
Att = 0.088 ± 0.013 (3.4σ discr.)

• a new meaurm. in dileptonic channel (CDF@La Thuille 
2011), inclusive:

• the challenge: cross section agrees well with the SM

Att̄
FB =

σF − σB

σF + σB

forward-backward 
asymmetry

33
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