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Motivation

What new physics could we see?

I The LHC will not see without looking.
I Highlight new theoretical paradigms.



Rules of the Game

I Mass . TeV
I Large coupling to quarks/gluons
I Single production at LHC



Focus on scalar diquarks
I Yukawa interactions, y ijφqiqj

I New window on flavour physics.
I Conflict with myriad flavour and CP constraints.



∆F = 2 FCNCs

Operator Bounds on Λ in TeV (cij = 1) Bounds on cij (Λ = 1 TeV) Observables
Re Im Re Im

(s̄Lγ
µdL)2 9.8 × 102 1.6 × 104 9.0 × 10−7 3.4 × 10−9 ∆mK ; εK

(s̄R dL)(s̄LdR) 1.8 × 104 3.2 × 105 6.9 × 10−9 2.6 × 10−11 ∆mK ; εK
(c̄Lγ

µuL)2 1.2 × 103 2.9 × 103 5.6 × 10−7 1.0 × 10−7 ∆mD; |q/p|, φD

(c̄R uL)(c̄LuR) 6.2 × 103 1.5 × 104 5.7 × 10−8 1.1 × 10−8 ∆mD; |q/p|, φD

(b̄Lγ
µdL)2 5.1 × 102 9.3 × 102 3.3 × 10−6 1.0 × 10−6 ∆mBd

; SψKS

(b̄R dL)(b̄LdR) 1.9 × 103 3.6 × 103 5.6 × 10−7 1.7 × 10−7 ∆mBd
; SψKS

(b̄Lγ
µsL)2 1.1 × 102 7.6 × 10−5 ∆mBs

(b̄R sL)(b̄LsR) 3.7 × 102 1.3 × 10−5 ∆mBs

(t̄Lγ
µuL)2 12 7.1 × 10−3 pp → tt

Table 1: Bounds on representative dimension six ∆F = 2 operators (taken from [78], and the
last line is from [58, 59]). Bounds on Λ are quoted assuming an effective coupling 1/Λ2, or,
alternatively, the bounds on the respective cij’s assuming Λ = 1 TeV. Observables related to
CPV are separated from the CP conserving ones with semicolons. In the Bs system we only
quote a bound on the modulo of the NP amplitude derived from ∆mBs (see text). For the
definition of the CPV observables in the D system see Ref. [10].

To summarize this discussion, a detailed list of constraints derived from ∆F = 2 observables
is shown in Table 1, where we quote the bounds for two representative sets of dimension six
operators – the left-left operators (present also in the SM) and operators with a different
chirality, which arise in specific SM extensions (Q1 and Q4 from Eq. (59), respectively). The
bounds on the latter are stronger, especially in the Kaon case, because of the larger hadronic
matrix elements and enhanced renormalization group evolution (RGE) contributions. The
constraints related to CPV correspond to maximal phases, and are subject to the requirement
that the NP contributions are smaller than 30% (60%) of the total contributions [4, 5] in the Bd

(K) system (see Eq. (73)). Since the experimental status of CP violation in the Bs system is
not yet settled, we simply require that the NP contributions would be smaller than the observed
value of ∆mBs (for less naive treatments see e.g. [7, 81], and for a different type of ∆F = 2
analysis see [82]).

5.2 Robust bounds immune to alignment mechanisms

There are two interesting features for models that can provide flavor-related suppression factors:
degeneracy and alignment. The former means that the operators generated by the NP are flavor-
universal, that is diagonal in any basis, thus producing no flavor violation. Alignment, on the
other hand, occurs when the NP contributions are diagonal in the corresponding quark mass
basis. In general, low energy measurements can only constrain the product of these two factors.
An interesting exception occurs, however, for the left-left (LL) operators of the type defined in
Eq. (39), where there is an independent constraint on the level of degeneracy [23]. The crucial
point is that operators involving only quark doublets cannot be simultaneously aligned with
both the down and the up mass bases. For example, we can take XQ from Eq. (39) to be
proportional to AQd . Then it would be diagonal in the down mass basis, but it would induce
flavor violation in the up sector. Hence, these types of theories can still be constrained by
measurements. The “best” alignment is obtained by choosing the NP contribution such that it
would minimize the bounds from both sectors. The strength of the resulting constraint, which
is the weakest possible one, is that it is unavoidable in the context of theories with only one
set of quark doublets. Here we briefly discuss this issue, and demonstrate how to obtain such
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Consider a scalar diquark with quantum numbers (3,1,−4
3)

under SU(3)×SU(2)×U(1).



Consider a scalar diquark with quantum numbers (3,1,−4
3)

under SU(3)×SU(2)×U(1)

I It has a Yukawa coupling to a pair of uRs, with (3,1,+2
3)

I The colour indices are antisymmetric
I The flavour indices are antisymmetric



Theorem I: Flavour-changing processes involve all three
generations.

Proof
I With one generation, the Yukawa coupling is zero
I With two generations, the Yukawa coupling is ∝ εij



Corollary I.1: There are no ∆F = 2 processes at tree-level.

6

Name SU(3)c SU(2)L U(1)Y QQ Coupling LQ Coupling Tree-level ∆F = 2?
I 6 3 − 1

3
(qLqL) - Yes

II 3 3 − 1
3

[qLqL] qLlL No
III 6 1 − 1

3
[qLqL], uRdR - No

IV 3 1 − 1
3

(qLqL),uRdR qLlL, uReR No
V 6 1 − 4

3
(uRuR) - Yes

VI 3 1 − 4
3

[uRuR] dReR No
VII 6 1 2

3
(dRdR) - Yes

VIII 3 1 2
3

[dRdR] - No

TABLE I: Scalar diquarks and their couplings. The parentheses in the ‘QQ Coupling’ column indicate whether the relevant
coupling is symmetric () or anti-symmetric [] in flavour indices.

φ

ψl

ψi

ψk

ψj

λ∗
kl

λij

FIG. 1: Tree-level exchange of a diquark contributing to
∆F = 2 FCNCs.

action

L ⊃ −
λψ

ij

2
εabcφaψiT

RbCψj
Rc + h.c., (8)

where a,b, and c are colour indices, i and j are flavour
indices. This generates the dimension-six operator

Leff ⊃
λψ

ijλ
ψ∗
kl

4M2
ψla

R γµψj
Raψkb

R γµψi
Rb, (9)

where we have used the antisymmetry of the coupling

λψ
ij .
Similarly, for a colour-sextet, electroweak-singlet di-

quark, Φ, we use a matrix notation in colour space, writ-
ing

Φ =




Φ1
Φ4√

2

Φ5√
2

Φ4√
2

Φ2
Φ6√

2
Φ5√

2
Φ6√

2
Φ3


 ; (10)

the Yukawa coupling

L ⊃ − 1√
2
λψ

ijψ
iT
R ΦCψj

R + h.c. (11)

then generates, via tree-level exchange of the diquark, the

same operator (9), where now λψ
ij is symmetric. For any

diquark, tree-level ∆F = 2 processes can arise via such
diagrams only if the diquark can couple to two quarks
of the same generation and charge. As a result, five di-
quark states do not mediate such processes.5 They in-

5 This observation was previously made for state VI in [7] and for
states IV and VIII in [21].

clude the states VI and VIII, whose couplings are purely
antisymmetric in flavour indices in the mass basis. Two
more are III and IV, which can couple both to qLqL and
to uRdR, since both couplings only connect quarks of
different charge. The fifth and final state is II, which
couples antisymmetrically to the SU(2)L triplet combi-
nation of qLqL, in the gauge basis. This has components
coupled to uLuL or dLdL, but these couplings retain an-
tisymmetry in flavour indices in the mass basis. It also
contains a third component which couples to quarks of
different charges (but is no longer antisymmetric in the
mass basis).

We now wish to examine whether the three states
that mediate tree-level FCNCs are compatible with our
flavour paradigm, viz. a single, sizable coupling, together
with a hierarchical structure. Up until now, we have
been rather coy in specifying what we mean by a“sizable
coupling”. Since we are interested in the prospects for
flavourful production at hadron colliders, the most ap-
propriate definition of sizable would seem to be: large
enough to result in a statistically-significant signal sam-
ple of signal events at the Tevatron or LHC, after cuts
and in the presence of backgrounds and finite experimen-
tal resolution. Without entering into a detailed discus-
sion of the experimental analysis, which depends on the
specific diquark interaction, we shall simply take the siz-
able coupling to be unfixed, but of order unity. This will
enable readers to keep track in a simple way of the in-
terdependent scaling of the various indirect bounds and
direct production cross-sections.

For states mediating tree-level FCNCs, the least dan-
gerous possibility would be to start with the extreme case
where all of the diquark couplings vanish in the gauge
basis [22], except for a single sizable coupling, λu

33. The
rotation that is required to go to the mass basis will then
generate a diquark coupling between the first and second
quark generations. The smallest this can be is in the case
of asymmetric mixing (6), for diquark V, in which case
we estimate the 12 coupling to be ∼ 7λu

33 ×10−5. Adapt-
ing the bounds of [23] for D-meson mixing, we find that
such a diquark would need a mass of at least 200λu

33 GeV.
Whereas this is certainly within the reach of the LHC,
any other possibility would at best be marginal. For ex-
ample, if we moved the large coupling to the 23 entry,



Corollary I.2: Tree-level, flavour changing decays involve all 3
generations.

I e.g. bssd
I Charmless, strangeless: B→ φφ , B→ φπ



Corollary I.3: One-loop ∆F = 1,2 diagrams involve all three
generations
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FIG. 2: Loop-level exchange of diquarks contributing to neu-
tral meson mixing via chiral operators.

uLh
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λ′∗
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jk

FIG. 3: Loop-level exchange of diquarks contributing to neu-
tral meson mixing via non-chiral operators.

the bound on the mass would increase to 2λu
23 TeV. A

bound of 2λu
33 TeV is also obtained if we keep λu

33 as
the large coupling, but switch to CKM-like mixing. We
stress that these are only lower bounds, because one could
imagine that the original sub-dominant couplings in the
gauge basis were larger than the contributions generated
unavoidably by the rotation.

In summary, the most plausible possibility arising from
states I, V, and VII occurs when state V has a sizable
coupling to tRtR, in the case of asymmetric mixing.

IV. LOOP-LEVEL FLAVOUR-CHANGING
PROCESSES

A. Diquarks II, III, and IV

Even if ∆F = 2 mixing is forbidden at tree-level, it
will arise at loop level, albeit with a suppression factor,
as illustrated (at one-loop) in Fig. 2. Firstly, we note that
states III and IV are such that their gauge quantum num-
bers allow them to couple to quarks of both chiralities.
Unless one of these couplings is somehow suppressed, the
(4π)2 suppression of the amplitude relevant for ∆mK ,
that comes from the loop factor, will be overwhelmed
by the large (factor 400) enhancement coming from the
fact that one can now have contributions to non-chiral,
∆F = 2 operators (see, for example, Fig. 3), for which
the experimental bounds are stronger, due to hadronic
and RG effects. (There is, moreover, an enhancement
of 1-loop ∆F = 1 processes, such as b → sγ, since the
required helicity flip can be placed on an internal top
quark.) A suppression of one coupling is not unimagin-
able, however, in the context of our flavor philosophy: the
two couplings involve distinct pairs of SM fermion mul-
tiplets (qLqL and uRdR), which may have quite different
hierarchies. Moreover, whilst vanishing of one coupling

uLh

φ W

uLk

dLi

dLj

dLi

dLj

λ∗
ih V ∗

hi

Vkjλjk

FIG. 4: One-loop diagram contributing to neutral meson mix-
ing with an internal diquark and W -boson.

cannot be stable under radiative corrections, a suppres-
sion of one coupling relative to the other may be.

So we shall not discard these states just yet, but rather
consider the possibility that they couple sizeably only
to either qLqL or to dRuR. We thus need to consider
diagrams of the form in Fig. 2, together with diagrams
involving exchange of a virtual diquark and a virtual W -
boson, as illustrated in Fig. 4. In all cases, we compare
contributions to Kaon mixing, where the bound [23] is
strongest.

Again, we derive lower bounds by making the extreme
assumption [22] that all couplings but one vanish in the
gauge basis; all other couplings will then be generated
by the rotation required to go to the mass basis. If, on
the one hand, the dominant coupling is to qLqL (states
II, III, or IV), then the relevant rotations are always
CKM-like. The only safe possibility in this case is to
have the large coupling in the 33 entry, for which the
strongest bound comes from the diagram in Fig. 2 and
yields M ≥ 800(λq

33)
2 GeV. We note, however, that this

is only possible for state IV, since states II and III couple
antisymmetrically to qLqL in the gauge basis, such that
λq

33 ≡ 0. In contrast, if the large coupling involves only
one heavy quark, the same diagram (with a heavy quark
in the loop) gives a bound of M ≥ 300(λq

3i)
2 TeV, where

i ∈ {1, 2}. Similarly, if the large coupling involves two
light quarks, then the same diagram (but with a light
quark in the loop) also gives a bound of 300(λq

ij)
2 TeV,

but for two exceptions. The exceptions are states II and
III, which couple antisymmetrically in the large diquark
mass limit6 such that a light quark cannot be exchanged
in the loop. In these cases, the strongest bound comes
from the diagram in Fig. 4, which yields M ≥ 100λq

ij
TeV.

If, on the other hand, the dominant coupling is to uRdR

(states III and IV), we need to consider separately the
cases of symmetric or asymmetric mixing. With sym-
metric mixing, the rotations are CKM-like and we derive
bounds as above, except that the special cases due to an-

6 As previously mentioned, the rotation to the mass basis main-
tains the (anti)symmetry in couplings to uLuL and dLdL, but
not to uLdL. Nevertheless, an analogue of the GIM mechanism
operates in the diagram in Fig. 2 containing a loop of diquarks:
only the contribution of the antisymmetric parts of the couplings
survives in the limit of large diquark mass.

I Could imagine putting a large coupling anywhere.
I Can always get suppression
I Normal (23), inverted (12), or perverted (13) hierarchies



(



Theorem II: No quark-diquark contributions to nucleon EDMs.

(Slick) Proof.

I With g,g′ = 0, there are 3 phases and 3 re-phasings.
I EDMs at 3 loops or higher with g,g′ 6= 0.



)



Flavour/CP constraints allow a large coupling anywhere . . .



. . . and a large x-section at hadron colliders . . .



. . . provided there is a hierarchy.



Flavour philosophy.



Begin with the SM . . .



Curious pattern of masses and mixings.



Suggests a hierarchy in Yukawa couplings.



The Chiral Hierarchy

Ansatz:
I L = Σi ,j −yu

ij ε
q
i εu

j qiHuc
j −yd

ij ε
q
i εd

j qiHcdc
j

e.g. Davidson, Isidori, & Uhlig, 0711.3376

I ε
q
3 ,ε

u
3 ∼ 1

I =⇒ Vub/Vcb ∼ Vus



How could this pattern arise?



Hierarchical Yukawas

I E.g. extra dimensions
I E.g. Froggatt-Nielsen
I E.g. partial compositeness



e.g. Extra dimensions

I Scalars and fermions have extended wavefunctions in
extra dimensions

Arkani-Hamed & Schmaltz, 9903417

I Put diquark and Higgs in different places



Bounds, M = TeV
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Process Bound /(M/TeV)

εK

p

|Im(λd
1λ

d∗
2 )2| ≤ 2.8 × 10−3

∆mK

p

|Re(λd
1λ

d∗
2 )2| ≤ 4.6 × 10−2

D mixing
p

|Im(λu
1λu∗

2 )2| ≤ 6.1 × 10−3

D mixing
p

|Re(λu
1λu∗

2 )2| ≤ 1.5 × 10−2

Bd mixing
p

|Im(λd
1λ

d∗
3 )2| ≤ 2.0 × 10−2

Bd mixing
p

|Re(λd
1λ

d∗
3 )2| ≤ 3.6 × 10−2

Bs mixing
p

|Im(λd
2λ

d∗
3 )2| ≤ 1.6 × 10−1

ε′
K/εK

p

|Imλd
1λ

d∗
2 | ≤ 0.37

b → s + γ
p

|λd
2λd∗

3 | ≤ 1.8

b → d + γ
p

|λd
1λd∗

3 | ≤ 0.9
Rb |λd

1,2| ≤ 24
Ac |λu

3 | ≤ 24

B± → φπ± p

|λd
3λ

d
1∗| ≤ 9 × 10−2

TABLE II: Bounds in units of M/TeV on antisymmetrically-
coupled diquarks, valid at large diquark mass (see the text for
generally-valid bounds). The couplings are defined in eq’ns
(11-12).

Hierarchy CKM-like Chiral hierarchy

Inverted (λu
3 )2 ! 10 (D) (λu

3 )2 ! 90 (D)
Normal (λu

1 )2 ! 0.03 (D) (λu
1 )2 ! 0.7 (D)

Perverted (λu
2 )2 ! 0.03 (D) (λu

2 )2 ! 0.7 (D)

Inverted
(λd

3)
2 ! 2 (Bd) (λd

3)
2 ! 0.06 (K)

λd
3 ! 0.2 (B → φπ) λd

3 ! 0.02 (B → φπ)

Normal, Perverted
(λd

1,2)
2 ! 0.01 (K) (λd

1,2)
2 ! 0.01 (K)

λd
1,2 ! 0.2 (B → φπ) λd

1,2 ! 0.02 (B → φπ)

TABLE III: Bounds on the largest diquark coupling in units
of M/TeV, for each of the three hierarchies, for CKM-like
mixing and the chiral hierarchy. The couplings are defined in
eq’ns (11-12).

down quarks or both) without a contradiction with ex-
perimental constraints. Could we have, for example, one
diquark that couples predominantly to the first and sec-
ond generations and another that couples predominantly
to the first and third? At least for contributions of the
type we have discussed, this would appear to pose no
problem, provided the diquark mass eigenstates are not
strongly mixed. If they are strongly mixed, then a single
diquark mass eigenstate will have two sizable couplings,
which immediately poses a problem for flavour physics. If
they are not strongly mixed, then, for example, one-loop
contributions to ∆F = 2 processes containing one each of
the two diquarks in the loop will still be suppressed, since
to get a flavour-changing diagram each diquark propaga-
tor must begin and end on different vertices. Explicitly, a
contribution to Kaon mixing, for example, requires both
the 13 and 23 coupling for each diquark.

di

dj

qi

qj

qi

qj

qi

qj

FIG. 5: Two-loop diagrams contributing to neutral meson
mixing with an internal diquark and W -bosons.

D. Two-loop processes

For the diquarks coupled to uRuR or dRdR, there are
no one-loop contributions involving a diquark and a W -
boson. Nevertheless, we might worry that there might be
strong bounds from two-loop contributions of this type.
Such a process need not involve all three generations and
so there may be an enhancement that can overcome the
extra loop factor. In Fig. 5, we show two-loop contri-
butions to Kaon mixing that do not require one to go
through a small diquark coupling, in the case where the
coupling to the first and second generation quarks is of
order one. It is easy to see that these diagrams give small
contributions: the first is a dressing of a GIM-suppressed
SM FCNC, together with an insertion of ms and md; in
the second, the GIM mechanism does not operate, but in-
stead one has four mass insertions, giving a suppression
of (m2

sm
2
d).

VII. OTHER INDIRECT SEARCHES

A. Neutron electric dipole moment

The diquark couplings may contain new sources of CP
violation and, ergo, give new contributions to the elec-
tric dipole moment of the neutron. For example, for di-
quarks coupled antisymmetrically to three generations of
quarks, as in the SM, there are potentially three new
complex phases in the diquark couplings, with only one
new complex degree of freedom (the diquark) that can
be re-phased, leading to two CP -violating phases. Never-
theless, it is easy to see that, at least for three generations
of quarks or fewer, all relevant loop diagrams containing
only quarks and antisymmetrically coupled diquarks can



Bounds, M = TeV
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down quarks or both) without a contradiction with ex-
perimental constraints. Could we have, for example, one
diquark that couples predominantly to the first and sec-
ond generations and another that couples predominantly
to the first and third? At least for contributions of the
type we have discussed, this would appear to pose no
problem, provided the diquark mass eigenstates are not
strongly mixed. If they are strongly mixed, then a single
diquark mass eigenstate will have two sizable couplings,
which immediately poses a problem for flavour physics. If
they are not strongly mixed, then, for example, one-loop
contributions to ∆F = 2 processes containing one each of
the two diquarks in the loop will still be suppressed, since
to get a flavour-changing diagram each diquark propaga-
tor must begin and end on different vertices. Explicitly, a
contribution to Kaon mixing, for example, requires both
the 13 and 23 coupling for each diquark.
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D. Two-loop processes

For the diquarks coupled to uRuR or dRdR, there are
no one-loop contributions involving a diquark and a W -
boson. Nevertheless, we might worry that there might be
strong bounds from two-loop contributions of this type.
Such a process need not involve all three generations and
so there may be an enhancement that can overcome the
extra loop factor. In Fig. 5, we show two-loop contri-
butions to Kaon mixing that do not require one to go
through a small diquark coupling, in the case where the
coupling to the first and second generation quarks is of
order one. It is easy to see that these diagrams give small
contributions: the first is a dressing of a GIM-suppressed
SM FCNC, together with an insertion of ms and md; in
the second, the GIM mechanism does not operate, but in-
stead one has four mass insertions, giving a suppression
of (m2

sm
2
d).

VII. OTHER INDIRECT SEARCHES

A. Neutron electric dipole moment

The diquark couplings may contain new sources of CP
violation and, ergo, give new contributions to the elec-
tric dipole moment of the neutron. For example, for di-
quarks coupled antisymmetrically to three generations of
quarks, as in the SM, there are potentially three new
complex phases in the diquark couplings, with only one
new complex degree of freedom (the diquark) that can
be re-phased, leading to two CP -violating phases. Never-
theless, it is easy to see that, at least for three generations
of quarks or fewer, all relevant loop diagrams containing
only quarks and antisymmetrically coupled diquarks can

λ ≥O(1),M ∼ TeV



Phenomenology of diquarks.



Top forward-backward asymmetry
17

we assign a systematic uncertainty of 0.035 for this effect.

Additional systematic uncertainties are evaluated in
a manner similar to the inclusive case. These uncertain-
ties are estimated by repeating the analysis while varying
the model assumptions within their known uncertainties
for background normalization and shape, the amount of
initial- and final-state radiation (ISR/FSR) in pythia,
the calorimeter jet energy scale (JES), the model of fi-
nal state color connection, and parton distribution func-
tions (PDF). Table XII shows the expected size of all
systematic uncertainties. The physics model dependence
dominates.

TABLE XIII: Asymmetry Att̄ at high and low mass compared
to prediction.

selection Mtt̄ < 450 GeV/c2 Mtt̄ ≥ 450 GeV/c2

data −0.016 ± 0.034 0.210 ± 0.049
tt̄+bkg +0.012 ± 0.006 0.030 ± 0.007
(mc@nlo)
data signal −0.022 ± 0.039 ± 0.017 0.266 ± 0.053 ± 0.032
tt̄ +0.015 ± 0.006 0.043 ± 0.009
(mc@nlo)
data parton −0.116 ± 0.146 ± 0.047 0.475 ± 0.101 ± 0.049
mcfm +0.040 ± 0.006 0.088 ± 0.013

Table XIII compares the low and high mass asymme-
try to predictions for the data level, the background sub-
tracted signal-level, and the fully corrected parton-level.
The MC predictions include the 15% theoretical uncer-
tainty. At low mass, within uncertainties, the asymmetry
at all correction levels agrees with predictions consistent
with zero. At high mass, combining statistical and sys-
tematic uncertainties in quadrature, the asymmetries at
all levels exceed the predictions by more than three stan-
dard deviations. The parton-level comparison is summa-
rized in Fig. 14. For Mtt̄ ≥ 450 GeV/c2, the parton-level
asymmetry at in the tt̄ rest frame is Att̄ = 0.475 ± 0.114
(stat+sys), compared with the MCFM prediction of
Att̄ = 0.088 ± 0.013.

VIII. CROSS-CHECKS OF THE MASS
DEPENDENT ASYMMETRY

The large and unexpected asymmetry at high mass de-
mands a broader study of related effects in the tt̄ data.
We look for anomalies that could be evidence of a false
positive, along with correlations that could reveal more
about a true positive. In order to avoid any assumptions
related to the background subtraction, we make compar-
isons at the data level, appealing when necessary to the
full tt̄ + bkg simulation models.
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FIG. 14: Parton-level asymmetry in ∆y at high and low mass
compared to mcfm prediction. The shaded region represents
the total uncertainty in each bin.
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FIG. 15: Distribution of tt̄ reconstruction χ2. Black crosses
are data, histogram is sig+bkg prediction.The last bin on the
right contains all events with χ2 > 100.

A. Lepton Type

All of our simulated models predict asymmetries that
are independent of the lepton type: pythia predicts
asymmetries that are consistent with zero, and the Octet
models predict asymmetries that are consistent with each
other. The data are shown in Table XIV. At high mass,
both lepton types show positive asymmetries consistent
within errors.

CDF, 1101.0034



3.4σ



Top forward-backward asymmetry

I Several authors have proposed diquarks Shu, Tait & Wang, 0911.3237

Dorsner & al., 0912.0972, 1007.2604

Gresham, Kim & Zurek, 1102.0018

Patel & Sharma, 1102.4736

Arnold & al., 0911.2225

Grinstein & al., 1102.3374

Ligeti, Schmaltz & Tavares, 1103.2757

I Need λ13 ∼ few, mass . TeV



D mixing: generic state would need mass ≥ 800 TeV!



Other pheno

I Di-jet resonances
I Contact Interactions
I Heavy-light jet resonances
I Charm tagging
I Distinguishing qq from qq resonances @ LHC



Di-jet resonances CDF
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Di-jet resonances CMS

10
-2

10
-1

1

10

10 2

10 3

200 300 400 500 600 700 800 900 1000
Mass/GeV

!
A/

pb

CMS 3.1/pb excluded

uc diquark, "2 = 1, 0.1, 0.01

ds diquark, "2 = 1, 0.1, 0.01

CMS, 1010.0203



Summary

I Anti-symmetrically coupled diquarks
I Flavour/CP safe
I LHC pheno.


