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The Top-Bottom Connection in SMEFT
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Adding the B to the SM
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Where should we look for UV physics?

LHC

b factories

Standard Model as Effective Field Theory

BSM

SM
⇠ Ci

E2

⇤2
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high energies:

broken symmetries:
BSM

SM
⇠ Ci

m2
W

m2
b

, Ci
4⇡

↵VtbV ⇤
ts

, . . .
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Local operators preserve SM symmetries.

LSMEFT = LSM +
C

(5)

⇤
O

(5) +
X

i

C
(6)
i

⇤2
O

(6)
i + . . .
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2-2 scattering amplitude (dim. 6): Hagiwara et al. 1987

Maltoni, Mantani, Mimasu 1904.05637
m vevs; n GoldstonesM ⇠ vm

⇤2

E2�m+n

mn
V
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quadratic growth

linear growth (longitudinal mode)

helicity suppression (ffV)
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Figure 3. Contribution of OtG and O8

tu to total tt̄ rates (left) and the normalized pT distribution
of a hadronically decaying top (right). The shaded regions correspond to the 68% CL from a
simultaneous fit to the two rates and the distribution. The grey shaded regions show the contribution
from OtG (rates) and O8

tu (distribution) at order ⇤�2. The red and blue shaded regions show the
contribution from OtG and O8

tu to order ⇤�4, respectively.

Here 2mt denotes the invariant mass close to the production threshold, which dominates

in the total cross section, while mtt̄ can be much higher in di↵erential distributions. Since

the OtG�QCD interference does not feature an energy enhancement, it cancels almost

completely in normalized distributions. Kinematic distributions are therefore expected to

lead to relatively weak constraints driven by the |CtG|
2 term. In contrast, the four-quark

contribution of O8
tu features an energy enhancement already at O(⇤�2). This leads to a

good sensitivity at high energies, despite the relative suppression by the parton luminosity.

Total rates and distributions are thus complementary in probing dipole operators and

four-quark operators. Notice that in our numerical analysis we keep the full operator

contributions in the normalization of distributions.

The reach of measurements of total cross sections at 8 TeV and 13 TeV and a pT
distribution at 13 TeV is estimated for OtG and O8

tu in Fig. 3.

The upper-left panel shows the averaged cross section measurements with their com-

bined uncertainties. Similarly, the upper-right panel shows the normalized pT distribution

for the hadronically decaying top at 13 TeV from Ref [69] (see Tab. 5). The two lower

panels show the relative deviations from the SM prediction and the 68% CL limits from a

combined analysis of CtG and C8
tu to the small data set consisting of only the observables

shown in Fig. 3. The grey panels show the result from the new physics interference at order

⇤�2 for CtG in terms of the total rates and for C8
tu in terms of the kinematic distribution,

corresponding to the 68% CL ranges

CtG/⇤
2

2 [�0.19, 0.78]/TeV2 C8
tu/⇤

2
2 [�6.77,�0.57]/TeV2 . (4.3)

The limits are slightly asymmetric, because the top quarks in the normalized distribution

– 19 –

Brivio, Westhoff et al. 1910.03606;  see also Englert et al. 1607.04304

• 8 four-quark operators with LL and RR chiral structure

O1,8
Qq = (Q̄�µT

AQ)(q̄i�
µTAqi) O1,1

Qq = (Q̄�µQ)(q̄i�
µqi)

O3,8
Qq = (Q̄�µT

A⌧ IQ)(q̄i�
µTA⌧ Iqi) O3,1

Qq = (Q̄�µ⌧
IQ)(q̄i�

µ⌧ Iqi)

O8
tu = (t̄�µT

At)(ūi�
µTAui) O1

tu = (t̄�µt)(ūi�
µui)

O8
td = (t̄�µTAt)(d̄i�µT

Adi) O1
td = (t̄�µt)(d̄i�µdi) ; (2.3)

• 6 four-quark operators with LR and RL chiral structure

O8
Qu = (Q̄�µTAQ)(ūi�µT

Aui) O1
Qu = (Q̄�µQ)(ūi�µui)

O8
Qd = (Q̄�µTAQ)(d̄i�µT

Adi) O1
Qd = (Q̄�µQ)(d̄i�µdi)

O8
tq = (q̄i�

µTAqi)(t̄�µT
At) O1

tq = (q̄i�
µqi)(t̄�µt) ; (2.4)

• 8 operators with two heavy quarks and bosons [40]

O1
�Q = (�† i

 !
Dµ �)(Q̄�µQ) ‡OtB = (Q̄�µ⌫t) e�Bµ⌫

O3
�Q = (�† i

 !
DI

µ �)(Q̄�µ⌧ IQ) ‡OtW = (Q̄�µ⌫t) ⌧ I e�W I
µ⌫

O�t = (�† i
 !
Dµ �)(t̄�µt) ‡ObW = (Q̄�µ⌫b) ⌧ I�W I

µ⌫

‡O�tb = (e�†iDµ�)(t̄�
µb) ‡OtG = (Q̄�µ⌫TAt) e�GA

µ⌫ . (2.5)

The di↵erent color structures of the operators will eventually lead to di↵erent color factors

in the LHC observables and di↵erent limits on the Wilson coe�cients, as we will see later.

In Appendix A, we list the relations between these operators and the operators in the

Warsaw basis [41]. Gauge invariance imposes relations between e↵ective top couplings to

gauge bosons. We define

C��Q ⌘ C1
�Q � C3

�Q CtZ ⌘ �swCtB + cwCtW (2.6)

C+
�Q ⌘ C1

�Q + C3
�Q = C��Q + 2C3

�Q CtA ⌘ cwCtB + swCtW =
1

sw

�
CtW � cwCtZ

�
,

We choose C3
�Q, C

�
�Q and CtW , CtZ as degrees of freedom in our analysis. With this choice,

C��Q and CtZ modify the tt̄Z coupling, CtW modifies the tbW vertex, while C3
�Q a↵ects

both.

The Wilson coe�cients of the operators in Eqs. (2.3), (2.4), and (2.5) define the 22

parameters in our global analysis. Further operators either do not leave visible e↵ects in

the observables we have selected (like operators with four heavy quarks) or are strongly

constrained by more sensitive observables (like the Yukawa operator at dimension six, which

is constrained by Higgs measurements). We therefore do not include them in our analysis,

but mention them whenever they are relevant.

Experimentally, we focus on observables in top pair and electroweak single top pro-

duction at the LHC. These processes are precisely predicted and measured, both at the

– 4 –

CtG

g
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q
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q̄

q

t̄
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Figure 1. Examples of Feynman diagrams contributing to top pair production in SMEFT at
leading order. The dots indicate possible insertions of a dimension-6 operator.

2.1 Top pair production

Hadronic top pair production involves gg ! tt̄ and qq̄ ! tt̄ partonic processes. In SMEFT,

e↵ective operators contribute to both processes, as shown in Fig. 1. At the LHC, top

pair production is dominated by incoming gluons. At leading order in QCD two operators

contribute to this rate,

‡OtG = (Q̄�µ⌫TAt) e�GA
µ⌫ and OG = fabcG

a⌫
µ Gb⇢

⌫ Gcµ
⇢ . (2.7)

However, OG is strongly constrained by multi-jet production [42, 43],

⇤p
gs|CG|

> 5.2 TeV . (2.8)

Since this sensitivity is beyond the reach of top pair production, we neglect OG in our

analysis. Unfortunately, multi-jet features which lead to this reach in jet production do

not help significantly in the top sector [43, 44].

The contribution of OtG to the partonic di↵erential cross section is given by [15]⇤

d�(gg ! tt̄)

dct
=

↵3/2
s

p
⇡

12
p
2

�tt̄
s

mtv

⇤2

7 + 9�2
tt̄ c

2
t

1 � �2
tt̄ c

2
t

CtG + O

⇣sv2

⇤4
C2
tG

⌘
, (2.9)

where �tt̄ =
p

1 � 4m2
t , mt = mt/

p
s, and ct = cos ✓t with the scattering angle ✓t of the

top against one of the incoming gluons in the partonic center-of-mass (CM) frame. Due

to the large gluon luminosity, we expect a high sensitivity to OtG in inclusive top pair

production. At high energies
p
s � mt, the OtG �QCD and OtG �OtG interferences scale

as mtv/⇤2 and v2s/⇤4 relative to the QCD rate, respectively. In the collinear limit, ct ⇡ 1,

OtG contributions feature the same logarithmic enhancement as QCD. The kinematics of

OtG–QCD interference is thus similar to QCD, while squared OtG contibutions grow with

energy relative to the SM. We will discuss the impact of OtG on kinematic distributions in

detail in Sec. 4.1.

Compared to the gg ! tt̄ contribution, qq̄ scattering is suppressed by the parton

luminosities. However, the quark-antiquark luminosity is enhanced in the production of

boosted tops, where the partons carry a large fraction of the proton’s energy. In this regime,

⇤Notice that in Ref. [15] the top-gluon operator is defined as twice the OtG in Eq. (2.5).

– 6 –

C8
tu
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Figure 1. Examples of Feynman diagrams contributing to top pair production in SMEFT at
leading order. The dots indicate possible insertions of a dimension-6 operator.

2.1 Top pair production

Hadronic top pair production involves gg ! tt̄ and qq̄ ! tt̄ partonic processes. In SMEFT,

e↵ective operators contribute to both processes, as shown in Fig. 1. At the LHC, top

pair production is dominated by incoming gluons. At leading order in QCD two operators

contribute to this rate,

‡OtG = (Q̄�µ⌫TAt) e�GA
µ⌫ and OG = fabcG

a⌫
µ Gb⇢

⌫ Gcµ
⇢ . (2.7)

However, OG is strongly constrained by multi-jet production [42, 43],

⇤p
gs|CG|

> 5.2 TeV . (2.8)

Since this sensitivity is beyond the reach of top pair production, we neglect OG in our

analysis. Unfortunately, multi-jet features which lead to this reach in jet production do

not help significantly in the top sector [43, 44].

The contribution of OtG to the partonic di↵erential cross section is given by [15]⇤

d�(gg ! tt̄)

dct
=

↵3/2
s

p
⇡

12
p
2

�tt̄
s

mtv

⇤2

7 + 9�2
tt̄ c

2
t

1 � �2
tt̄ c

2
t

CtG + O

⇣sv2

⇤4
C2
tG

⌘
, (2.9)

where �tt̄ =
p
1 � 4m2

t , mt = mt/
p
s, and ct = cos ✓t with the scattering angle ✓t of the

top against one of the incoming gluons in the partonic center-of-mass (CM) frame. Due

to the large gluon luminosity, we expect a high sensitivity to OtG in inclusive top pair

production. At high energies
p
s � mt, the OtG �QCD and OtG �OtG interferences scale

as mtv/⇤2 and v2s/⇤4 relative to the QCD rate, respectively. In the collinear limit, ct ⇡ 1,

OtG contributions feature the same logarithmic enhancement as QCD. The kinematics of

OtG–QCD interference is thus similar to QCD, while squared OtG contibutions grow with

energy relative to the SM. We will discuss the impact of OtG on kinematic distributions in

detail in Sec. 4.1.

Compared to the gg ! tt̄ contribution, qq̄ scattering is suppressed by the parton

luminosities. However, the quark-antiquark luminosity is enhanced in the production of

boosted tops, where the partons carry a large fraction of the proton’s energy. In this regime,

⇤Notice that in Ref. [15] the top-gluon operator is defined as twice the OtG in Eq. (2.5).
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,
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loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,
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which contribute to b ! s transitions at tree level. We find a smaller sensitivity to

a(�)
�q , a(3)�q , AuW , AuB, F

(�)
qq , F (3)

qq , and F (1)
qu ,

which first contribute at the one-loop level.

4 Flavor e↵ects in top observables

Top quark physics at the LHC is a perfect environment to probe SMEFT couplings that

involve top quarks. Precise predictions and measurements of cross sections and kinematic

distributions allow us to probe top couplings in detail. In this work we build on a recent

global analysis of top data from the LHC Runs I and II [41]. This analysis was aimed

at identifying the gauge structure and quark chirality of e↵ective operators. Here we

use the same dataset and observables, but focus on the flavor structure of operators in top

observables. In Sec. 5 we combine top and flavor observables in parameter fits that connect

SMEFT e↵ects at the electroweak scale and the bottom mass scale.

In top physics, as for most LHC observables, cross sections and event bins in kinematic

distributions depend on the SMEFT coe�cients as

� = �SM +
X

a

Ca

⇤2
�a +

X

a,b

CaCb

⇤4
�ab . (4.1)

Here �SM is the SM prediction, �a denote contributions from one operator insertion, and

�ab are contributions from two interfering amplitudes with one operator insertion each.

The sum is over all relevant operators from Eqs. (2.2) and (2.3). Below we summarize the

main SMEFT contributions to top-antitop production and electroweak top processes. For

details, we refer the reader to Ref. [41].

The focus of our analysis is on the flavor pattern of operator contributions to top

observables. To derive the flavor structure of a UV theory from top and bottom

observables, we need to test two key features:

1) flavor universality;

2) flavor alignment, i.e., the orientation of flavor breaking sources in flavor space.

In top observables, the flavor universality of e↵ective interactions can be tested by

combining observables that involve either light-quark couplings or top-quark couplings or

both of them. If new sources of flavor breaking are present, their alignment with the

Yukawa couplings can be probed in FCNCs with top quarks [69]. In this work we focus

on tests of flavor universality and leave flavor alignment for future work.

In MFV, flavor universality is strongly broken by the top Yukawa coupling, with significant

e↵ects in top and bottom observables. As the Yukawa couplings are the only source of flavor

symmetry breaking, our choice of up-alignment is not physical and leads to the same e↵ects

as down-alignment. Moreover, in MFV FCNCs are suppressed by small Yukawa couplings
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<latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="agwrYMpjGbyHkMnN0WIhMfPa6cY="></latexit><latexit sha1_base64="agwrYMpjGbyHkMnN0WIhMfPa6cY="></latexit><latexit sha1_base64="+tXROzQkDKsTy/CNSREIpsUfgRs="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit><latexit sha1_base64="V0E7yOx1RCsU9GX1Ue3MVsdwtcQ="></latexit>

f
<latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mPruwqR7C4GKVm+uPk57t8s6dmY="></latexit><latexit sha1_base64="mPruwqR7C4GKVm+uPk57t8s6dmY="></latexit><latexit sha1_base64="9Q9UTCxX1OKWr+nu7nfLHdE0jN8="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit>

f
<latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mPruwqR7C4GKVm+uPk57t8s6dmY="></latexit><latexit sha1_base64="mPruwqR7C4GKVm+uPk57t8s6dmY="></latexit><latexit sha1_base64="9Q9UTCxX1OKWr+nu7nfLHdE0jN8="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit><latexit sha1_base64="8+PGFaiuUZwVkLrnmPWtLFEOK+A="></latexit>

H,V
<latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="wKnB9OgXZu5BTAad9YA94JGlYcU="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit>

H,V
<latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="wKnB9OgXZu5BTAad9YA94JGlYcU="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit> H,V

<latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="wKnB9OgXZu5BTAad9YA94JGlYcU="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit>

H,V
<latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="Wc3534IUNsmK5vY2J0htczbNYUk="></latexit><latexit sha1_base64="wKnB9OgXZu5BTAad9YA94JGlYcU="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit><latexit sha1_base64="o8bivnUFJm+kv9cGfxWCoRxEgbg="></latexit>



Probing the SMEFT at dim 6

 7Aoude, Hurth, Renner, Shepherd 2003.05432 (Warsaw basis)

CHe
<latexit sha1_base64="OUD/b3D/pU2svyUfUVIjMvirbT0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyCXHCOYByRJmJ51kzOzOMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftLRMFMMmk0KqTkA1Ch5h03AjsBMrpGEgsB1ManO//YRKcxk9mGmMfkhHER9yRo2VWrV+WsdZv1hyy+4CZJ14GSlBhka/+NUbSJaEGBkmqNZdz42Nn1JlOBM4K/QSjTFlEzrCrqURDVH76eLaGbmwyoAMpbIVGbJQf0+kNNR6Gga2M6RmrFe9ufif103M8NZPeRQnBiO2XDRMBDGSzF8nA66QGTG1hDLF7a2EjamizNiACjYEb/XlddKqlL2rcuX+ulS9y+LIwxmcwyV4cANVqEMDmsDgEZ7hFd4c6bw4787HsjXnZDOn8AfO5w9iBI79</latexit> CHD

<latexit sha1_base64="sGo8bgD1BNU4B/dKVrObGV1JGr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoR56rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fL9+O3A==</latexit>

CHu
<latexit sha1_base64="i53tf615CbJy6eFjjkgRhbjoda8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvJfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AelSPDQ==</latexit>

CHd
<latexit sha1_base64="1SWYvIRhPMPdE1YzGxnoAL7znIo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzJrhbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYH+O/A==</latexit>

CW
<latexit sha1_base64="KgSNc3k8orurVChqKpgTxb8BcJk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcp9OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1w0pj77SeujYjVI04THkR0pMRQMIpW8hv9rD3rlytu1V2ArBMvJxXI0eyXv3qDmKURV8gkNabruQkGGdUomOSzUi81PKFsQke8a6miETdBtjh2Ri6sMiDDWNtSSBbq74mMRsZMo9B2RhTHZtWbi/953RSHt0EmVJIiV2y5aJhKgjGZf04GQnOGcmoJZVrYWwkbU00Z2nxKNgRv9eV10qpVvatq7eG6Ur/L4yjCGZzDJXhwA3W4hyb4wEDAM7zCm6OcF+fd+Vi2Fpx85hT+wPn8Abj2jp0=</latexit>

C(1)
Hq

<latexit sha1_base64="nFm+GTpIohps2fFGYeJmcMo3JE4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKTuX6bBYsiv2AmidOBkpQYbWsPg1GIUkDqjQhGOl+o4daTfBUjPCaVoYxIpGmEzxmPYNFTigyk0WN6fowigj5IfSlNBoof6eSHCg1CzwTGeA9UStenPxP68fa//GTZiIYk0FWS7yY450iOYBoBGTlGg+MwQTycytiEywxESbmAomBGf15XXSqVacWqV6d1Wq32Zx5OEMzqEMDlxDHZrQgjYQiOAZXuHNiq0X6936WLbmrGzmFP7A+vwBMEWRHQ==</latexit>

C(3)
Hq

<latexit sha1_base64="q8/3b6gwz0x3FyypOe55UgArQPI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKdcu02GxZFfsBdA6cTJSggytYfFrMApJHFChCcdK9R070m6CpWaE07QwiBWNMJniMe0bKnBAlZssbk7RhVFGyA+lKaHRQv09keBAqVngmc4A64la9ebif14/1v6NmzARxZoKslzkxxzpEM0DQCMmKdF8ZggmkplbEZlgiYk2MRVMCM7qy+ukU604tUr17qpUv83iyMMZnEMZHLiGOjShBW0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDM1GRHw==</latexit>

C(3)
Hl

<latexit sha1_base64="p6te76poBjycY6bA4ihW1kC8p7w=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSFvQkhV56rGA/oI1ls920SzebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKbW3v7O7l9wsHh0fHJ8XTs64KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vFlz4feeqFQsFA96HlE3wBPBfEawNtKwOUpaPH1MyrXrdFQs2RV7CbRJnIyUIEN7VPwajkMSB1RowrFSA8eOtJtgqRnhNC0MY0UjTGZ4QgeGChxQ5SbLm1N0ZZQx8kNpSmi0VH9PJDhQah54pjPAeqrWvYX4nzeItX/rJkxEsaaCrBb5MUc6RIsA0JhJSjSfG4KJZOZWRKZYYqJNTAUTgrP+8ibpVitOrVK9r5cad1kcebiASyiDAzfQgBa0oQMEIniGV3izYuvFerc+Vq05K5s5hz+wPn8AK5qRGg==</latexit>

C(1)
Hl

<latexit sha1_base64="0GIzB/LuUp72rFGcMZE+ndD+6rQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoZceK9gPaGPZbDft0s0m7G6EEvI3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPC/iTGnb/rYKG5tb2zvF3dLe/sHhUfn4pKvCWBLaISEPZd/DinImaEczzWk/khQHHqc9b9bM/N4TlYqF4kHPI+oGeCKYzwjWRho2R0mLp49J1blMR+WKXbMXQOvEyUkFcrRH5a/hOCRxQIUmHCs1cOxIuwmWmhFO09IwVjTCZIYndGCowAFVbrK4OUUXRhkjP5SmhEYL9fdEggOl5oFnOgOsp2rVy8T/vEGs/Vs3YSKKNRVkuciPOdIhygJAYyYp0XxuCCaSmVsRmWKJiTYxlUwIzurL66RbrzlXtfr9daVxl8dRhDM4hyo4cAMNaEEbOkAggmd4hTcrtl6sd+tj2Vqw8plT+APr8wcojpEY</latexit>

CHWB
<latexit sha1_base64="9HcKvhTX0QYBVMDOZ/mMivUkYpQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQU9S7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANeyjzs=</latexit>

CG
<latexit sha1_base64="vGgMoo2RPBZ4+jiUTqay8KkwOcY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFHvRYwbSFtpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OmyZONeM+i2Ws2wE1XArFfRQoeTvRnEaB5K1gXJ/5rSeujYjVI04S3ovoUIlQMIpW8uv97G7aL5XdijsHWSVeTsqQo9EvfXUHMUsjrpBJakzHcxPsZVSjYJJPi93U8ISyMR3yjqWKRtz0svmxU3JulQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVIMb3qZUEmKXLHFojCVBGMy+5wMhOYM5cQSyrSwtxI2opoytPkUbQje8surpFmteJeV6sNVuXabx1GAUziDC/DgGmpwDw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB6Cmjo0=</latexit> CuH

<latexit sha1_base64="ep0+Ysub3jdNaBUu8YAEUOkyoPg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJPmfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AeoGPDQ==</latexit>

CHB
<latexit sha1_base64="urZ+bcZY/XBid5oP75DwDgCFj48=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JsZceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek/rc7zxRpZkUD2YaUz/CI8FCRrCxUrs+SBt3s0Gx5JbdBdA68TJSggzNQfGrP5QkiagwhGOte54bGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ8urp2hC6sMUSiVLWHQQv09keJI62kU2M4Im7Fe9ebif14vMeGNnzIRJ4YKslwUJhwZieavoyFTlBg+tQQTxeytiIyxwsTYgAo2BG/15XXSrpS9q3Llvlqq3WZx5OEMzuESPLiGGjSgCS0g8AjP8ApvjnRenHfnY9mac7KZU/gD5/MHLNWO2g==</latexit>

CHW
<latexit sha1_base64="Ms2/8Vyr9yrTxWvF18OKxCpB27U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvd+bBccatuBrROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7afZtXN0YZURCqWyJQzK1N8TKY60nkWB7YywmehVbyH+5/UTE976KRNxYqggy0VhwpGRaPE6GjFFieEzSzBRzN6KyAQrTIwNqGRD8FZfXiedWtW7qtburyv1uzyOIpzBOVyCBzdQhya0oA0EHuEZXuHNkc6L8+58LFsLTj5zCn/gfP4ATL6O7w==</latexit>

CH⇤
<latexit sha1_base64="aBD5rYwODOiR8HuCslz2ZBSNgYU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k2EuPFeyHtEvJptk2NJssSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcW3mtx+p0kyKezOJqR/hoWAhI9hY6aHWT+u9W/k07RdLbtmdA60SLyMlyNDoF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n84Ck6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE177KRNxYqggi0VhwpGRaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtStm7KFfuLkvVmyyOPJzAKZyDB1dQhTo0oAkEIniGV3hzlPPivDsfi9ack80cwx84nz+MyJA7</latexit>

CHG
<latexit sha1_base64="4JppD2oAR6Aj4CVmidfOs9anR+w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoQd7rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fNG6O3w==</latexit>

C(1)
lq

<latexit sha1_base64="e5VNB8tfLWKUalR21gLlu7q04vQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoRePFewHtLFstpt26WYTdzdCCfkbXjwo4tU/481/46bNQVsfDDzem2FmnhdxprRtf1uFtfWNza3idmlnd2//oHx41FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN21mfveJSsVCca9nEXUDPBbMZwRrIw2aw4Q/pg9J1TlPh+WKXbPnQKvEyUkFcrSG5a/BKCRxQIUmHCvVd+xIuwmWmhFO09IgVjTCZIrHtG+owAFVbjK/OUVnRhkhP5SmhEZz9fdEggOlZoFnOgOsJ2rZy8T/vH6s/Ws3YSKKNRVksciPOdIhygJAIyYp0XxmCCaSmVsRmWCJiTYxlUwIzvLLq6RTrzkXtfrdZaVxk8dRhBM4hSo4cAUNuIUWtIFABM/wCm9WbL1Y79bHorVg5TPH8AfW5w9n9ZFB</latexit>

C(3)
lq

<latexit sha1_base64="caAZmTIB6WePAJn3i0cCJs+d0JQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCR8mj4m5dplOiiW7Iq9AFonTkZKkKE5KH71hyGJAyo04VipnmNH2k2w1Ixwmhb6saIRJhM8oj1DBQ6ocpPFzSm6MMoQ+aE0JTRaqL8nEhwoNQs80xlgPVar3lz8z+vF2r9xEyaiWFNBlov8mCMdonkAaMgkJZrPDMFEMnMrImMsMdEmpoIJwVl9eZ20qxWnVqneX5Xqt1kceTiDcyiDA9dQhztoQgsIRPAMr/BmxdaL9W59LFtzVjZzCn9gff4AawGRQw==</latexit>

Clu
<latexit sha1_base64="yCGZsQ0UBwCES1zWYrOAIvthyBM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBBMDyRJmJ7PJmNmZZR5CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RXW1jc2t4rbpZ3dvf2D8uFRW0urCG0RyaXqRFhTzgRtGWY47aSK4iTi9CEaN2b+wxNVmklxbyYpDRM8FCxmBBsntRv9jNtpv1zxq/4caJUEOalAjma//NUbSGITKgzhWOtu4KcmzLAyjHA6LfWspikmYzykXUcFTqgOs/m1U3TmlAGKpXIlDJqrvycynGg9SSLXmWAz0sveTPzP61oTX4cZE6k1VJDFothyZCSavY4GTFFi+MQRTBRztyIywgoT4wIquRCC5ZdXSbtWDS6qtbvLSv0mj6MIJ3AK5xDAFdThFprQAgKP8Ayv8OZJ78V79z4WrQUvnzmGP/A+fwCxLI8x</latexit>

Ceu
<latexit sha1_base64="OD+MdDHb5uOpJyTYTSnOaHsFXTQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwSJGibFSu9HPMJ32yxWv6s3hrhI/JxXI0eyXv3oDSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrDNxIKlvCuHP190RGYq0ncWg7Y2JGetmbif953dRE10HGRJIaFHSxKEq5a6Q7e90dMIXU8IklhCpmb3XpiChCjQ2oZEPwl19eJe1a1b+o1u4uK/WbPI4inMApnIMPV1CHW2hCCyg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AGmgo8q</latexit>

Cqe
<latexit sha1_base64="Jf3HjerYzZq02AIdh6VARtqwzWk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBPOAZAmzk04yZnZ2nZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY12Z+6wmV5pG8N5MY/ZAOJR9wRo2VmrVe+ojTXrHklt05yCrxMlKCDPVe8avbj1gSojRMUK07nhsbP6XKcCZwWugmGmPKxnSIHUslDVH76fzaKTmzSp8MImVLGjJXf0+kNNR6Ega2M6RmpJe9mfif10nM4NpPuYwTg5ItFg0SQUxEZq+TPlfIjJhYQpni9lbCRlRRZmxABRuCt/zyKmlWyt5FuXJ3WareZHHk4QRO4Rw8uIIq3EIdGsDgAZ7hFd6cyHlx3p2PRWvOyWaO4Q+czx+geo8m</latexit>

CuG
<latexit sha1_base64="AnohwivuZNyoZTzhXzZr6fsEoUc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0IMeK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJo3M7zxRpZkUD2YaUz/CI8FCRrCxUrsxSJPb2aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjtp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEratap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQhBYQeIRneIU3RzovzrvzsWgtOPnMMfyB8/kDePyPDA==</latexit>

CuB
<latexit sha1_base64="+pRVa2ZqObci52u4sla5YqGTYqw=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT1JsRePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvhuD7z209UaSbFg5kkNIjxULCIEWys1Kr3s/R22nfLXsWbA60SPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIh+Msvr5JWteJfVKr3l+XaTR5HEU7gFM7BhyuowR00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AcWOPBw==</latexit>

CuW
<latexit sha1_base64="cUji435kzIIwNX8IqeTin/b/V6c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QLGF2MpuMmZ1Z5iGEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmGnuLu3f3BYOjpuaWkVoU0iuVSdCGvKmaBNwwynnVRRnESctqNxfea3n6jSTIoHM0lpmOChYDEj2DipVe9ntj3tl8p+xZ8DrZIgJ2XI0eiXvnoDSWxChSEca90N/NSEGVaGEU6nxZ7VNMVkjIe066jACdVhNr92is6dMkCxVK6EQXP190SGE60nSeQ6E2xGetmbif95XWvimzBjIrWGCrJYFFuOjESz19GAKUoMnziCiWLuVkRGWGFiXEBFF0Kw/PIqaVUrwWWlen9Vrt3mcRTgFM7gAgK4hhrcQQOaQOARnuEV3jzpvXjv3seidc3LZ07gD7zPH5FMjxw=</latexit>

CdW
<latexit sha1_base64="zkzzdwzDmTX+OlDMsh3gufhqToc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zMLubFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE934GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv39UrjNo+jCGdwDpfgwTU04A5a0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8Ad2aPCw==</latexit>

CHud
<latexit sha1_base64="hpr1wqO+PNKsn34pVNz435I+8pY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFXnqsYD+gDWWz2bZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gUp/7nSeujYjVI04T7kd0pMRQMIpW6tQHWSMNZ4NS2a24C5B14uWkDDmag9JXP4xZGnGFTFJjep6boJ9RjYJJPiv2U8MTyiZ0xHuWKhpx42eLc2fk0iohGcbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulOLzzM6GSFLliy0XDVBKMyfx3EgrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10m7WvGuK9WHm3LtPo+jAOdwAVfgwS3UoAFNaAGDCTzDK7w5ifPivDsfy9YNJ585gz9wPn8AOR+Pew==</latexit>

C(1)
quqd

<latexit sha1_base64="UGT5F/1EyRhJXLQpyqz5m8Lxkw0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUS0mqoCcp9OKxgv2ANi2bzaZdutmkuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzz4s5U9q2v6219Y3Nre3cTn53b//gsHB03FRRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN6rN/NYjlYpF4kFPYuqGeCBYwAjWRurV+uk4GfvTXlpyLqb9QtEu23OgVeJkpAgZ6v3CV9ePSBJSoQnHSnUcO9ZuiqVmhNNpvpsoGmMywgPaMVTgkCo3nV89RedG8VEQSVNCo7n6eyLFoVKT0DOdIdZDtezNxP+8TqKDGzdlIk40FWSxKEg40hGaRYB8JinRfGIIJpKZWxEZYomJNkHlTQjO8surpFkpO5flyv1VsXqbxZGDUziDEjhwDVW4gzo0gICEZ3iFN+vJerHerY9F65qVzZzAH1ifPw0PkjM=</latexit>

C(8)
quqd

<latexit sha1_base64="xE/OmIwwS3/jEKKisFFyXeatvRg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWpgj1JoRePFewHtGnZbDbt0s0m3d0oJeR/ePGgiFf/izf/jds2B219MPB4b4aZeW7EqFSW9W3kNja3tnfyu4W9/YPDo+LxSVuGscCkhUMWiq6LJGGUk5aiipFuJAgKXEY67qQx9zuPREga8gc1i4gToBGnPsVIaWnQGCbTeOqlg6Rcu0yHxZJVsRYw14mdkRJkaA6LX30vxHFAuMIMSdmzrUg5CRKKYkbSQj+WJEJ4gkakpylHAZFOsrg6NS+04pl+KHRxZS7U3xMJCqScBa7uDJAay1VvLv7n9WLl15yE8ihWhOPlIj9mpgrNeQSmRwXBis00QVhQfauJx0ggrHRQBR2CvfryOmlXK/ZVpXp/XarfZnHk4QzOoQw23EAd7qAJLcAg4Ble4c14Ml6Md+Nj2ZozsplT+APj8wcXuZI6</latexit>

Flavor

Z-pole EWPOs

Higgs

Ced
<latexit sha1_base64="3//HsJUsQEdol+ZCJtw0H7BWPyw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmM23XbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwQaMEmOldqOfYTTtlyte1ZvDXSV+TiqQo9kvf/UiSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrRO5AKlvCuHP190RGYq0ncWg7Y2JGetmbif953dQMroOMiSQ1KOhi0SDlrpHu7HU3Ygqp4RNLCFXM3urSEVGEGhtQyYbgL7+8Stq1qn9Rrd1dVuo3eRxFOIFTOAcfrqAOt9CEFlB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOMrY8Z</latexit>

Cld
<latexit sha1_base64="fenDVPwpb6w5E+AWDQTAxqGzkuk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zHg4G5YrbtVdAK0TLycVyNEalr8GoSRpTIUhHGvd99zE+BlWhhFOZ6VBqmmCyQSPaN9SgWOq/Wxx7QxdWCVEkVS2hEEL9fdEhmOtp3FgO2NsxnrVm4v/ef3URDd+xkSSGirIclGUcmQkmr+OQqYoMXxqCSaK2VsRGWOFibEBlWwI3urL66RTq3pX1dp9vdK4zeMowhmcwyV4cA0NuIMWtIHAIzzDK7w50nlx3p2PZWvByWdO4Q+czx+XV48g</latexit>

C 0
ll

<latexit sha1_base64="cr+TOKXpXBvH0I9sEsY1nDcuIfw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QrGF20kmGzOyuM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHDR0limGdRSJSrYBqFDzEuuFGYCtWSGUgsBmMqjO/OUaleRQ+mEmMvqSDkPc5o8ZKfrWbCjF97MSKS+wWim7JnYOsEi8jRchQ6xa+Or2IJRJDwwTVuu25sfFTqgxnAqf5TqIxpmxEB9i2NKQStZ/Oj56Sc6v0SD9StkJD5urviZRKrScysJ2SmqFe9mbif147Mf0bP+VhnBgM2WJRPxHERGSWAOlxhcyIiSWUKW5vJWxIFWXG5pS3IXjLL6+SRrnkXZbK91fFym0WRw5O4QwuwINrqMAd1KAODJ7gGV7hzRk7L86787FoXXOymRP4A+fzBw3UkkU=</latexit>

C(1)0
qq

<latexit sha1_base64="hk7rKT/Os5W+JiXSITB+nuv4qlc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0JUUunFZwT6gjWEynbRDZybpzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9uFneLu3v7BoX1UaqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBszv/NIpKKRuNfTmHgcDQUNKUbaSL5davjpZJI9pBX3vB9Lyknm22Wn6swBV4mbkzLI0fTtr/4gwgknQmOGlOq5Tqy9FElNMSNZsZ8oEiM8RkPSM1QgTpSXzm/P4JlRBjCMpCmh4Vz9PZEirtSUB6aTIz1Sy95M/M/rJTq89lIq4kQTgReLwoRBHcFZEHBAJcGaTQ1BWFJzK8QjJBHWJq6iCcFdfnmVtGtV96Jau7ss12/yOArgBJyCCnDBFaiDW9AELYDBE3gGr+DNyqwX6936WLSuWfnMMfgD6/MHpRCULA==</latexit>

C(3)0
qq

<latexit sha1_base64="I1j/LLWjCJUeSIha9qUfeIZsO/A=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzHBDZkBE10ZEjYuMZFHAuOkUwo0tJ2h7RjJZH7FjQuNceuPuPNvLDALBU9yk5Nz7s299wQRo0o7zreV29jc2t7J7xb29g8Oj+zjYluFscSkhUMWym6AFGFUkJammpFuJAniASOdYNKY+51HIhUNxb2eRcTjaCTokGKkjeTbxYafTKfpQ1KuXfQjSTlJfbvkVJwF4DpxM1ICGZq+/dUfhDjmRGjMkFI914m0lyCpKWYkLfRjRSKEJ2hEeoYKxInyksXtKTw3ygAOQ2lKaLhQf08kiCs144Hp5EiP1ao3F//zerEeXnsJFVGsicDLRcOYQR3CeRBwQCXBms0MQVhScyvEYyQR1iauggnBXX15nbSrFbdWqd5dluo3WRx5cArOQBm44ArUwS1oghbA4Ak8g1fwZqXWi/VufSxbc1Y2cwL+wPr8AagolC4=</latexit>

C(3)
qq

<latexit sha1_base64="VeuMWqFXb58yiZ1GzTeNLoOcQwU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCTTafqYlGuX6aBYsiv2AmidOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk0WN6fowihD5IfSlNBoof6eSHCg1CzwTGeA9VitenPxP68Xa//GTZiIYk0FWS7yY450iOYBoCGTlGg+MwQTycytiIyxxESbmAomBGf15XXSrlacWqV6f1Wq32Zx5OEMzqEMDlxDHe6gCS0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDcr2RSA==</latexit>

4-fermion

LEP II/LHC VV

CdH
<latexit sha1_base64="R8QZErKeDGwhPnrVaKPEgqKC/+s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzMLmbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYJuO/A==</latexit>

atomic parity violation
sl. meson decays, …

e+e� ! q̄q

<latexit sha1_base64="68yulGjffvwSH+Amo6dTAAtxa3I=">AAAB/XicdVDJSgNBEO2JW4xbXG5eGoMgiGEmJtG5Bb14jGAWyCShp1NJmvQs6e4R4hD8FS8eFPHqf3jzb+wsgoo+KHi8V0VVPTfkTCrT/DASC4tLyyvJ1dTa+sbmVnp7pyqDSFCo0IAHou4SCZz5UFFMcaiHAojncqi5g8uJX7sFIVng36hRCE2P9HzWZZQoLbXTe9A6xtA6wY4KsOMSgYd42E5nzGyxaFv5AjazVt4q5GxNTm3bsgvYyppTZNAc5Xb63ekENPLAV5QTKRuWGapmTIRilMM45UQSQkIHpAcNTX3igWzG0+vH+FArHdwNhC5f4an6fSImnpQjz9WdHlF9+dubiH95jUh1z5sx88NIgU9ni7oRx/rTSRS4wwRQxUeaECqYvhXTPhGEKh1YSofw9Sn+n1RzOp9s4TqfKV3M40iifXSAjpCFzlAJXaEyqiCK7tADekLPxr3xaLwYr7PWhDGf2UU/YLx9AoStlAQ=</latexit>

Bs � B̄s

<latexit sha1_base64="hV4Zzmp3em+7KvSU1WIT16bTMF4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwY5jU1LS7ohuXFWwtNKFMppN26GQSZiZCCf0NNy4UcevPuPNvnD4EFT1w4XDOvdx7T5hypjRCH1ZhZXVtfaO4Wdra3tndK+8fdFSSSULbJOGJ7IZYUc4EbWumOe2mkuI45PQuHF/N/Lt7KhVLxK2epDSI8VCwiBGsjeRf9tWZH2IJDemXK8h2ash1qhDZ5xc1t+4Yguqe1/CgY6M5KmCJVr/87g8SksVUaMKxUj0HpTrIsdSMcDot+ZmiKSZjPKQ9QwWOqQry+c1TeGKUAYwSaUpoOFe/T+Q4VmoSh6Yzxnqkfnsz8S+vl+moHuRMpJmmgiwWRRmHOoGzAOCASUo0nxiCiWTmVkhGWGKiTUwlE8LXp/B/0qnajms3btxKs76MowiOwDE4BQ7wQBNcgxZoAwJS8ACewLOVWY/Wi/W6aC1Yy5lD8APW2ydms5FI</latexit>

K0 � K̄0

<latexit sha1_base64="aAi6SMAxd9TG4OH4/25J+CXAh4U=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4ccjUqdPuim4ENxVsLXTGkkkzbWgmMyQZoZT+hhsXirj1Z9z5N6YPQUUPXDiccy/33hOmnCmN0IeVW1peWV3Lrxc2Nre2d4q7ey2VZJLQJkl4ItshVpQzQZuaaU7bqaQ4Djm9DYcXU//2nkrFEnGjRykNYtwXLGIEayP5V3foxA+xhIZ0iyVkOxXkOmWI7NOzilt1DEFVz6t50LHRDCWwQKNbfPd7CcliKjThWKmOg1IdjLHUjHA6KfiZoikmQ9ynHUMFjqkKxrObJ/DIKD0YJdKU0HCmfp8Y41ipURyazhjrgfrtTcW/vE6mo2owZiLNNBVkvijKONQJnAYAe0xSovnIEEwkM7dCMsASE21iKpgQvj6F/5NW2XZcu3btlurnizjy4AAcgmPgAA/UwSVogCYgIAUP4Ak8W5n1aL1Yr/PWnLWY2Qc/YL19ArTdkNw=</latexit>

b ! sl+l�

<latexit sha1_base64="W/nQPqM+G9nVlxOhuWmyI9pia9U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSII4pCpU2fcFdy4rGAf0E5LJs20oZmHSaZQhn6HGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWV1b38hvFra2d3b3ivsHDRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0R9czvzmmQrI4ulOThHohHkQsYAQrLXl+R8VQQt49493zXrGETKuCbKsMkXlxWbFdSxPkOs6VAy0TzVECS9R6xfdOPyZpSCNFOJaybaFEeRkWihFOp4VOKmmCyQgPaFvTCIdUetn86Ck80UofBrHQFSk4V79PZDiUchL6ujPEaih/ezPxL6+dqsD1MhYlqaIRWSwKUg71p7MEYJ8JShSfaIKJYPpWSIZYYKJ0TgUdwten8H/SKJuWbVZu7VLVXcaRB0fgGJwCCzigCm5ADdQBAffgATyBZ2NsPBovxuuiNWcsZw7BDxhvn+e5kYg=</latexit>

b ! s�

<latexit sha1_base64="Zp5lnkCMgLOwr1iJorXAKFDoRvI=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKamrgruHFZwT6gCWUynbZDZyZxZlIood/hxoUibv0Yd/6N04egogcuHM65l3vviVNGlXacD6uwtr6xuVXcLu3s7u0flA+PWirJJCZNnLBEdmKkCKOCNDXVjHRSSRCPGWnH4+u5354QqWgi7vQ0JRFHQ0EHFCNtpCgOdQIVDIeIc9QrVxzbrTmeW4WOfXFZ8wLXECfw/SsfurazQAWs0OiV38N+gjNOhMYMKdV1nVRHOZKaYkZmpTBTJEV4jIaka6hAnKgoXxw9g2dG6cNBIk0JDRfq94kccaWmPDadHOmR+u3Nxb+8bqYHQZRTkWaaCLxcNMgYNJ/OE4B9KgnWbGoIwpKaWyEeIYmwNjmVTAhfn8L/Satqu55du/Uq9WAVRxGcgFNwDlzggzq4AQ3QBBjcgwfwBJ6tifVovVivy9aCtZo5Bj9gvX0ClpuR+w==</latexit>

K ! ⇡⌫̄⌫

<latexit sha1_base64="wyK17ksxeVJ7fJfAGtB4wo5QwPo=">AAAB/nicdVBNS8NAEN3Ur1q/ouLJy2IRPIWkpqbeCl4ELxVsKzShbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aSuo6IOBx3szzMwLU0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdmWQCkzZOWCJuQyQJo5y0FVWM3KaCoDhkpBuOLwq/e0eEpAm/UZOUBDEachpRjJSW+ubBla8S6KcU+iES0OdZUX2zaltO3XadGrSt07O623A0sRued+5Bx7JnqIIFWn3z3R8kOIsJV5ghKXuOnaogR0JRzMi04meSpAiP0ZD0NOUoJjLIZ+dP4bFWBjBKhC6u4Ez9PpGjWMpJHOrOGKmR/O0V4l9eL1NRI8gpTzNFOJ4vijIG9cdFFnBABcGKTTRBWFB9K8QjJBBWOrGKDuHrU/g/6dQsx7Xq12612VjEUQaH4AicAAd4oAkuQQu0AQY5eABP4Nm4Nx6NF+N13loyFjP74AeMt09Wj5UX</latexit>

B ! K(⇤)⌫̄⌫

<latexit sha1_base64="PW/92jbc/YEXEkLTlWmWP/0vHMk=">AAACAnicdVDLSgMxFM34rPVVdSVugkWoLoaZ2jp1V3QjuKlgH9AZSyZN29BMZkgyQhmKG3/FjQtF3PoV7vwbM20FFT1w4XDOvSTn+BGjUlnWhzE3v7C4tJxZya6urW9s5ra2GzKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0h+ep37wlQtKQX6tRRLwA9TntUYyUljq53TNXhfDyJikcHY6h6yMBXR6n08nlLdMuWyW7CC3z+KRcqtiaWBXHOXWgbVoT5MEMtU7u3e2GOA4IV5ghKdu2FSkvQUJRzMg468aSRAgPUZ+0NeUoINJLJhHG8EArXdgLhR6u4ET9fpGgQMpR4OvNAKmB/O2l4l9eO1a9ipdQHsWKcDx9qBczqFOnfcAuFQQrNtIEYUH1XyEeIIGw0q1ldQlfSeH/pFE07ZJZvirlq5VZHRmwB/ZBAdjAAVVwAWqgDjC4Aw/gCTwb98aj8WK8TlfnjNnNDvgB4+0TUrmWHQ==</latexit>

K ! µ⌫

<latexit sha1_base64="zMepZ5GMtvNDauqe8tajkaB7Uks=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJT026k4EZwU8E+oAllMp20QyeTMA+hhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8oYlcpxPqyV1bX1jc3CVnF7Z3dvv3Rw2JapFpi0cMpS0Y2QJIxy0lJUMdLNBEFJxEgnGl/N/M49EZKm/E5NMhImaMhpTDFSRgpuApXCINEw4LpfKju2W3U8twId+/yi6tVcQ5ya79d96NrOHGWwRLNfeg8GKdYJ4QozJGXPdTIV5kgoihmZFgMtSYbwGA1Jz1COEiLDfH7zFJ4aZQDjVJjiCs7V7xM5SqScJJHpTJAayd/eTPzL62kV18Kc8kwrwvFiUawZNI/OAoADKghWbGIIwoKaWyEeIYGwMjEVTQhfn8L/Sbtiu55dv/XKjctlHAVwDE7AGXCBDxrgGjRBC2CQgQfwBJ4tbT1aL9bronXFWs4cgR+w3j4BzCaRjw==</latexit>
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CHe
<latexit sha1_base64="OUD/b3D/pU2svyUfUVIjMvirbT0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyCXHCOYByRJmJ51kzOzOMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftLRMFMMmk0KqTkA1Ch5h03AjsBMrpGEgsB1ManO//YRKcxk9mGmMfkhHER9yRo2VWrV+WsdZv1hyy+4CZJ14GSlBhka/+NUbSJaEGBkmqNZdz42Nn1JlOBM4K/QSjTFlEzrCrqURDVH76eLaGbmwyoAMpbIVGbJQf0+kNNR6Gga2M6RmrFe9ufif103M8NZPeRQnBiO2XDRMBDGSzF8nA66QGTG1hDLF7a2EjamizNiACjYEb/XlddKqlL2rcuX+ulS9y+LIwxmcwyV4cANVqEMDmsDgEZ7hFd4c6bw4787HsjXnZDOn8AfO5w9iBI79</latexit> CHD

<latexit sha1_base64="sGo8bgD1BNU4B/dKVrObGV1JGr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoR56rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fL9+O3A==</latexit>

CHu
<latexit sha1_base64="i53tf615CbJy6eFjjkgRhbjoda8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvJfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AelSPDQ==</latexit>

CHd
<latexit sha1_base64="1SWYvIRhPMPdE1YzGxnoAL7znIo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzJrhbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYH+O/A==</latexit>

CW
<latexit sha1_base64="KgSNc3k8orurVChqKpgTxb8BcJk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcp9OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1w0pj77SeujYjVI04THkR0pMRQMIpW8hv9rD3rlytu1V2ArBMvJxXI0eyXv3qDmKURV8gkNabruQkGGdUomOSzUi81PKFsQke8a6miETdBtjh2Ri6sMiDDWNtSSBbq74mMRsZMo9B2RhTHZtWbi/953RSHt0EmVJIiV2y5aJhKgjGZf04GQnOGcmoJZVrYWwkbU00Z2nxKNgRv9eV10qpVvatq7eG6Ur/L4yjCGZzDJXhwA3W4hyb4wEDAM7zCm6OcF+fd+Vi2Fpx85hT+wPn8Abj2jp0=</latexit>

C(1)
Hq

<latexit sha1_base64="nFm+GTpIohps2fFGYeJmcMo3JE4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKTuX6bBYsiv2AmidOBkpQYbWsPg1GIUkDqjQhGOl+o4daTfBUjPCaVoYxIpGmEzxmPYNFTigyk0WN6fowigj5IfSlNBoof6eSHCg1CzwTGeA9UStenPxP68fa//GTZiIYk0FWS7yY450iOYBoBGTlGg+MwQTycytiEywxESbmAomBGf15XXSqVacWqV6d1Wq32Zx5OEMzqEMDlxDHZrQgjYQiOAZXuHNiq0X6936WLbmrGzmFP7A+vwBMEWRHQ==</latexit>

C(3)
Hq

<latexit sha1_base64="q8/3b6gwz0x3FyypOe55UgArQPI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKdcu02GxZFfsBdA6cTJSggytYfFrMApJHFChCcdK9R070m6CpWaE07QwiBWNMJniMe0bKnBAlZssbk7RhVFGyA+lKaHRQv09keBAqVngmc4A64la9ebif14/1v6NmzARxZoKslzkxxzpEM0DQCMmKdF8ZggmkplbEZlgiYk2MRVMCM7qy+ukU604tUr17qpUv83iyMMZnEMZHLiGOjShBW0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDM1GRHw==</latexit>

C(3)
Hl

<latexit sha1_base64="p6te76poBjycY6bA4ihW1kC8p7w=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSFvQkhV56rGA/oI1ls920SzebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKbW3v7O7l9wsHh0fHJ8XTs64KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vFlz4feeqFQsFA96HlE3wBPBfEawNtKwOUpaPH1MyrXrdFQs2RV7CbRJnIyUIEN7VPwajkMSB1RowrFSA8eOtJtgqRnhNC0MY0UjTGZ4QgeGChxQ5SbLm1N0ZZQx8kNpSmi0VH9PJDhQah54pjPAeqrWvYX4nzeItX/rJkxEsaaCrBb5MUc6RIsA0JhJSjSfG4KJZOZWRKZYYqJNTAUTgrP+8ibpVitOrVK9r5cad1kcebiASyiDAzfQgBa0oQMEIniGV3izYuvFerc+Vq05K5s5hz+wPn8AK5qRGg==</latexit>

C(1)
Hl

<latexit sha1_base64="0GIzB/LuUp72rFGcMZE+ndD+6rQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoZceK9gPaGPZbDft0s0m7G6EEvI3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPC/iTGnb/rYKG5tb2zvF3dLe/sHhUfn4pKvCWBLaISEPZd/DinImaEczzWk/khQHHqc9b9bM/N4TlYqF4kHPI+oGeCKYzwjWRho2R0mLp49J1blMR+WKXbMXQOvEyUkFcrRH5a/hOCRxQIUmHCs1cOxIuwmWmhFO09IwVjTCZIYndGCowAFVbrK4OUUXRhkjP5SmhEYL9fdEggOl5oFnOgOsp2rVy8T/vEGs/Vs3YSKKNRVkuciPOdIhygJAYyYp0XxuCCaSmVsRmWKJiTYxlUwIzurL66RbrzlXtfr9daVxl8dRhDM4hyo4cAMNaEEbOkAggmd4hTcrtl6sd+tj2Vqw8plT+APr8wcojpEY</latexit>

CHWB
<latexit sha1_base64="9HcKvhTX0QYBVMDOZ/mMivUkYpQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQU9S7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANeyjzs=</latexit>

CG
<latexit sha1_base64="vGgMoo2RPBZ4+jiUTqay8KkwOcY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFHvRYwbSFtpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OmyZONeM+i2Ws2wE1XArFfRQoeTvRnEaB5K1gXJ/5rSeujYjVI04S3ovoUIlQMIpW8uv97G7aL5XdijsHWSVeTsqQo9EvfXUHMUsjrpBJakzHcxPsZVSjYJJPi93U8ISyMR3yjqWKRtz0svmxU3JulQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVIMb3qZUEmKXLHFojCVBGMy+5wMhOYM5cQSyrSwtxI2opoytPkUbQje8surpFmteJeV6sNVuXabx1GAUziDC/DgGmpwDw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB6Cmjo0=</latexit> CuH

<latexit sha1_base64="ep0+Ysub3jdNaBUu8YAEUOkyoPg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJPmfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AeoGPDQ==</latexit>

CHB
<latexit sha1_base64="urZ+bcZY/XBid5oP75DwDgCFj48=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JsZceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek/rc7zxRpZkUD2YaUz/CI8FCRrCxUrs+SBt3s0Gx5JbdBdA68TJSggzNQfGrP5QkiagwhGOte54bGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ8urp2hC6sMUSiVLWHQQv09keJI62kU2M4Im7Fe9ebif14vMeGNnzIRJ4YKslwUJhwZieavoyFTlBg+tQQTxeytiIyxwsTYgAo2BG/15XXSrpS9q3Llvlqq3WZx5OEMzuESPLiGGjSgCS0g8AjP8ApvjnRenHfnY9mac7KZU/gD5/MHLNWO2g==</latexit>

CHW
<latexit sha1_base64="Ms2/8Vyr9yrTxWvF18OKxCpB27U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvd+bBccatuBrROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7afZtXN0YZURCqWyJQzK1N8TKY60nkWB7YywmehVbyH+5/UTE976KRNxYqggy0VhwpGRaPE6GjFFieEzSzBRzN6KyAQrTIwNqGRD8FZfXiedWtW7qtburyv1uzyOIpzBOVyCBzdQhya0oA0EHuEZXuHNkc6L8+58LFsLTj5zCn/gfP4ATL6O7w==</latexit>

CH⇤
<latexit sha1_base64="aBD5rYwODOiR8HuCslz2ZBSNgYU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k2EuPFeyHtEvJptk2NJssSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcW3mtx+p0kyKezOJqR/hoWAhI9hY6aHWT+u9W/k07RdLbtmdA60SLyMlyNDoF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n84Ck6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE177KRNxYqggi0VhwpGRaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtStm7KFfuLkvVmyyOPJzAKZyDB1dQhTo0oAkEIniGV3hzlPPivDsfi9ack80cwx84nz+MyJA7</latexit>

CHG
<latexit sha1_base64="4JppD2oAR6Aj4CVmidfOs9anR+w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoQd7rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fNG6O3w==</latexit>

C(1)
lq

<latexit sha1_base64="e5VNB8tfLWKUalR21gLlu7q04vQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoRePFewHtLFstpt26WYTdzdCCfkbXjwo4tU/481/46bNQVsfDDzem2FmnhdxprRtf1uFtfWNza3idmlnd2//oHx41FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN21mfveJSsVCca9nEXUDPBbMZwRrIw2aw4Q/pg9J1TlPh+WKXbPnQKvEyUkFcrSG5a/BKCRxQIUmHCvVd+xIuwmWmhFO09IgVjTCZIrHtG+owAFVbjK/OUVnRhkhP5SmhEZz9fdEggOlZoFnOgOsJ2rZy8T/vH6s/Ws3YSKKNRVksciPOdIhygJAIyYp0XxmCCaSmVsRmWCJiTYxlUwIzvLLq6RTrzkXtfrdZaVxk8dRhBM4hSo4cAUNuIUWtIFABM/wCm9WbL1Y79bHorVg5TPH8AfW5w9n9ZFB</latexit>

C(3)
lq

<latexit sha1_base64="caAZmTIB6WePAJn3i0cCJs+d0JQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCR8mj4m5dplOiiW7Iq9AFonTkZKkKE5KH71hyGJAyo04VipnmNH2k2w1Ixwmhb6saIRJhM8oj1DBQ6ocpPFzSm6MMoQ+aE0JTRaqL8nEhwoNQs80xlgPVar3lz8z+vF2r9xEyaiWFNBlov8mCMdonkAaMgkJZrPDMFEMnMrImMsMdEmpoIJwVl9eZ20qxWnVqneX5Xqt1kceTiDcyiDA9dQhztoQgsIRPAMr/BmxdaL9W59LFtzVjZzCn9gff4AawGRQw==</latexit>

Clu
<latexit sha1_base64="yCGZsQ0UBwCES1zWYrOAIvthyBM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBBMDyRJmJ7PJmNmZZR5CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RXW1jc2t4rbpZ3dvf2D8uFRW0urCG0RyaXqRFhTzgRtGWY47aSK4iTi9CEaN2b+wxNVmklxbyYpDRM8FCxmBBsntRv9jNtpv1zxq/4caJUEOalAjma//NUbSGITKgzhWOtu4KcmzLAyjHA6LfWspikmYzykXUcFTqgOs/m1U3TmlAGKpXIlDJqrvycynGg9SSLXmWAz0sveTPzP61oTX4cZE6k1VJDFothyZCSavY4GTFFi+MQRTBRztyIywgoT4wIquRCC5ZdXSbtWDS6qtbvLSv0mj6MIJ3AK5xDAFdThFprQAgKP8Ayv8OZJ78V79z4WrQUvnzmGP/A+fwCxLI8x</latexit>

Ceu
<latexit sha1_base64="OD+MdDHb5uOpJyTYTSnOaHsFXTQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwSJGibFSu9HPMJ32yxWv6s3hrhI/JxXI0eyXv3oDSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrDNxIKlvCuHP190RGYq0ncWg7Y2JGetmbif953dRE10HGRJIaFHSxKEq5a6Q7e90dMIXU8IklhCpmb3XpiChCjQ2oZEPwl19eJe1a1b+o1u4uK/WbPI4inMApnIMPV1CHW2hCCyg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AGmgo8q</latexit>

Cqe
<latexit sha1_base64="Jf3HjerYzZq02AIdh6VARtqwzWk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBPOAZAmzk04yZnZ2nZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY12Z+6wmV5pG8N5MY/ZAOJR9wRo2VmrVe+ojTXrHklt05yCrxMlKCDPVe8avbj1gSojRMUK07nhsbP6XKcCZwWugmGmPKxnSIHUslDVH76fzaKTmzSp8MImVLGjJXf0+kNNR6Ega2M6RmpJe9mfif10nM4NpPuYwTg5ItFg0SQUxEZq+TPlfIjJhYQpni9lbCRlRRZmxABRuCt/zyKmlWyt5FuXJ3WareZHHk4QRO4Rw8uIIq3EIdGsDgAZ7hFd6cyHlx3p2PRWvOyWaO4Q+czx+geo8m</latexit>

CuG
<latexit sha1_base64="AnohwivuZNyoZTzhXzZr6fsEoUc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0IMeK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJo3M7zxRpZkUD2YaUz/CI8FCRrCxUrsxSJPb2aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjtp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEratap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQhBYQeIRneIU3RzovzrvzsWgtOPnMMfyB8/kDePyPDA==</latexit>

CuB
<latexit sha1_base64="+pRVa2ZqObci52u4sla5YqGTYqw=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT1JsRePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvhuD7z209UaSbFg5kkNIjxULCIEWys1Kr3s/R22nfLXsWbA60SPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIh+Msvr5JWteJfVKr3l+XaTR5HEU7gFM7BhyuowR00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AcWOPBw==</latexit>

CuW
<latexit sha1_base64="cUji435kzIIwNX8IqeTin/b/V6c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QLGF2MpuMmZ1Z5iGEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmGnuLu3f3BYOjpuaWkVoU0iuVSdCGvKmaBNwwynnVRRnESctqNxfea3n6jSTIoHM0lpmOChYDEj2DipVe9ntj3tl8p+xZ8DrZIgJ2XI0eiXvnoDSWxChSEca90N/NSEGVaGEU6nxZ7VNMVkjIe066jACdVhNr92is6dMkCxVK6EQXP190SGE60nSeQ6E2xGetmbif95XWvimzBjIrWGCrJYFFuOjESz19GAKUoMnziCiWLuVkRGWGFiXEBFF0Kw/PIqaVUrwWWlen9Vrt3mcRTgFM7gAgK4hhrcQQOaQOARnuEV3jzpvXjv3seidc3LZ07gD7zPH5FMjxw=</latexit>

CdW
<latexit sha1_base64="zkzzdwzDmTX+OlDMsh3gufhqToc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zMLubFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE934GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv39UrjNo+jCGdwDpfgwTU04A5a0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8Ad2aPCw==</latexit>

CHud
<latexit sha1_base64="hpr1wqO+PNKsn34pVNz435I+8pY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFXnqsYD+gDWWz2bZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gUp/7nSeujYjVI04T7kd0pMRQMIpW6tQHWSMNZ4NS2a24C5B14uWkDDmag9JXP4xZGnGFTFJjep6boJ9RjYJJPiv2U8MTyiZ0xHuWKhpx42eLc2fk0iohGcbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulOLzzM6GSFLliy0XDVBKMyfx3EgrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10m7WvGuK9WHm3LtPo+jAOdwAVfgwS3UoAFNaAGDCTzDK7w5ifPivDsfy9YNJ585gz9wPn8AOR+Pew==</latexit>

C(1)
quqd

<latexit sha1_base64="UGT5F/1EyRhJXLQpyqz5m8Lxkw0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUS0mqoCcp9OKxgv2ANi2bzaZdutmkuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzz4s5U9q2v6219Y3Nre3cTn53b//gsHB03FRRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN6rN/NYjlYpF4kFPYuqGeCBYwAjWRurV+uk4GfvTXlpyLqb9QtEu23OgVeJkpAgZ6v3CV9ePSBJSoQnHSnUcO9ZuiqVmhNNpvpsoGmMywgPaMVTgkCo3nV89RedG8VEQSVNCo7n6eyLFoVKT0DOdIdZDtezNxP+8TqKDGzdlIk40FWSxKEg40hGaRYB8JinRfGIIJpKZWxEZYomJNkHlTQjO8surpFkpO5flyv1VsXqbxZGDUziDEjhwDVW4gzo0gICEZ3iFN+vJerHerY9F65qVzZzAH1ifPw0PkjM=</latexit>

C(8)
quqd

<latexit sha1_base64="xE/OmIwwS3/jEKKisFFyXeatvRg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWpgj1JoRePFewHtGnZbDbt0s0m3d0oJeR/ePGgiFf/izf/jds2B219MPB4b4aZeW7EqFSW9W3kNja3tnfyu4W9/YPDo+LxSVuGscCkhUMWiq6LJGGUk5aiipFuJAgKXEY67qQx9zuPREga8gc1i4gToBGnPsVIaWnQGCbTeOqlg6Rcu0yHxZJVsRYw14mdkRJkaA6LX30vxHFAuMIMSdmzrUg5CRKKYkbSQj+WJEJ4gkakpylHAZFOsrg6NS+04pl+KHRxZS7U3xMJCqScBa7uDJAay1VvLv7n9WLl15yE8ihWhOPlIj9mpgrNeQSmRwXBis00QVhQfauJx0ggrHRQBR2CvfryOmlXK/ZVpXp/XarfZnHk4QzOoQw23EAd7qAJLcAg4Ble4c14Ml6Md+Nj2ZozsplT+APj8wcXuZI6</latexit>

Flavor

Z-pole EWPOs

Higgs

Ced
<latexit sha1_base64="3//HsJUsQEdol+ZCJtw0H7BWPyw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmM23XbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwQaMEmOldqOfYTTtlyte1ZvDXSV+TiqQo9kvf/UiSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrRO5AKlvCuHP190RGYq0ncWg7Y2JGetmbif953dQMroOMiSQ1KOhi0SDlrpHu7HU3Ygqp4RNLCFXM3urSEVGEGhtQyYbgL7+8Stq1qn9Rrd1dVuo3eRxFOIFTOAcfrqAOt9CEFlB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOMrY8Z</latexit>

Cld
<latexit sha1_base64="fenDVPwpb6w5E+AWDQTAxqGzkuk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zHg4G5YrbtVdAK0TLycVyNEalr8GoSRpTIUhHGvd99zE+BlWhhFOZ6VBqmmCyQSPaN9SgWOq/Wxx7QxdWCVEkVS2hEEL9fdEhmOtp3FgO2NsxnrVm4v/ef3URDd+xkSSGirIclGUcmQkmr+OQqYoMXxqCSaK2VsRGWOFibEBlWwI3urL66RTq3pX1dp9vdK4zeMowhmcwyV4cA0NuIMWtIHAIzzDK7w50nlx3p2PZWvByWdO4Q+czx+XV48g</latexit>

C 0
ll

<latexit sha1_base64="cr+TOKXpXBvH0I9sEsY1nDcuIfw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QrGF20kmGzOyuM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHDR0limGdRSJSrYBqFDzEuuFGYCtWSGUgsBmMqjO/OUaleRQ+mEmMvqSDkPc5o8ZKfrWbCjF97MSKS+wWim7JnYOsEi8jRchQ6xa+Or2IJRJDwwTVuu25sfFTqgxnAqf5TqIxpmxEB9i2NKQStZ/Oj56Sc6v0SD9StkJD5urviZRKrScysJ2SmqFe9mbif147Mf0bP+VhnBgM2WJRPxHERGSWAOlxhcyIiSWUKW5vJWxIFWXG5pS3IXjLL6+SRrnkXZbK91fFym0WRw5O4QwuwINrqMAd1KAODJ7gGV7hzRk7L86787FoXXOymRP4A+fzBw3UkkU=</latexit>

C(1)0
qq

<latexit sha1_base64="hk7rKT/Os5W+JiXSITB+nuv4qlc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0JUUunFZwT6gjWEynbRDZybpzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9uFneLu3v7BoX1UaqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBszv/NIpKKRuNfTmHgcDQUNKUbaSL5davjpZJI9pBX3vB9Lyknm22Wn6swBV4mbkzLI0fTtr/4gwgknQmOGlOq5Tqy9FElNMSNZsZ8oEiM8RkPSM1QgTpSXzm/P4JlRBjCMpCmh4Vz9PZEirtSUB6aTIz1Sy95M/M/rJTq89lIq4kQTgReLwoRBHcFZEHBAJcGaTQ1BWFJzK8QjJBHWJq6iCcFdfnmVtGtV96Jau7ss12/yOArgBJyCCnDBFaiDW9AELYDBE3gGr+DNyqwX6936WLSuWfnMMfgD6/MHpRCULA==</latexit>

C(3)0
qq

<latexit sha1_base64="I1j/LLWjCJUeSIha9qUfeIZsO/A=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzHBDZkBE10ZEjYuMZFHAuOkUwo0tJ2h7RjJZH7FjQuNceuPuPNvLDALBU9yk5Nz7s299wQRo0o7zreV29jc2t7J7xb29g8Oj+zjYluFscSkhUMWym6AFGFUkJammpFuJAniASOdYNKY+51HIhUNxb2eRcTjaCTokGKkjeTbxYafTKfpQ1KuXfQjSTlJfbvkVJwF4DpxM1ICGZq+/dUfhDjmRGjMkFI914m0lyCpKWYkLfRjRSKEJ2hEeoYKxInyksXtKTw3ygAOQ2lKaLhQf08kiCs144Hp5EiP1ao3F//zerEeXnsJFVGsicDLRcOYQR3CeRBwQCXBms0MQVhScyvEYyQR1iauggnBXX15nbSrFbdWqd5dluo3WRx5cArOQBm44ArUwS1oghbA4Ak8g1fwZqXWi/VufSxbc1Y2cwL+wPr8AagolC4=</latexit>
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Figure 14. 95% and 68% CL bounds on top operators global fits to top pair production mea-
surements (blue), single top (green) and to the full data set from Tabs. 5 and6 (red).
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Brod et al. 2014; Cirigliano et al. 2016
Hewett, Rizzo 1993; Grzadkowski, Misiak 2008; Fox et al. 2008

t
<latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="dZDgqBcxa4embSsRbWdTgUyeg/A="></latexit><latexit sha1_base64="dZDgqBcxa4embSsRbWdTgUyeg/A="></latexit><latexit sha1_base64="npOFmjGCxCG6dFr32rzs4BR5eQk="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit>

t̄
<latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="PfpQh2kpcq9OW0GLMfrlqAjby6g="></latexit><latexit sha1_base64="PfpQh2kpcq9OW0GLMfrlqAjby6g="></latexit><latexit sha1_base64="4fgJy4JaB9Y2Zr2Rxo7fAvlvdic="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit>

Z 0
<latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="wmeqxOOhD2LMa4quqTj98NyDe/o="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit>

tb
<latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="9XVdpWeVHG/6C0l2qo6vbRhok5w="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit>

W
<latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="+vTG1+0slT+0HIS675LMFxks908="></latexit><latexit sha1_base64="+vTG1+0slT+0HIS675LMFxks908="></latexit><latexit sha1_base64="bTsg7Ccmqk69iTzdEtyOMjjp/6w="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit>

Z 0
<latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="wmeqxOOhD2LMa4quqTj98NyDe/o="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit>

Top & Bottom
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1

100

energy 
[GeV]

Z 0
<latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="wmeqxOOhD2LMa4quqTj98NyDe/o="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit>

LSMEFT = LSM +
X

i

Ci

⇤2
Oi + . . .

<latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="+BYrlxDwaSsEL4ilh+LQHoC8bG8="></latexit><latexit sha1_base64="+BYrlxDwaSsEL4ilh+LQHoC8bG8="></latexit><latexit sha1_base64="yMtPlPYTcERfyuteSzmttW/nRD4="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit>

LWET = LQCD + LQED +
X

a

CaOa + . . .
<latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="aZa5EzXcY3byHDvetppoHLPOAjg="></latexit><latexit sha1_base64="aZa5EzXcY3byHDvetppoHLPOAjg="></latexit><latexit sha1_base64="1a1dN4/AyrXqDFIsG6Kk9G4GsyY="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit>

flavor-sensitive
match 

& 
run

Aebischer, Crivellin, Fael, Greub, Virto 2015 & 2017 
Dekens, Jenkins, Manohar, Stoffer 2017 & 2019; Hurth, Renner, Shepherd 2019

Ca(mb) = F (Ci(mt))
<latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1/vY8b5QSmuc1w575D3W3EFz8MM="></latexit><latexit sha1_base64="1/vY8b5QSmuc1w575D3W3EFz8MM="></latexit><latexit sha1_base64="b3lTSWX2iC9uSgcZd5XD6zKKX0g="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit>

tb
<latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="9XVdpWeVHG/6C0l2qo6vbRhok5w="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit>

W
<latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="+vTG1+0slT+0HIS675LMFxks908="></latexit><latexit sha1_base64="+vTG1+0slT+0HIS675LMFxks908="></latexit><latexit sha1_base64="bTsg7Ccmqk69iTzdEtyOMjjp/6w="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit><latexit sha1_base64="O36PvztrIKXayPa+92/rpddJylk="></latexit>

q
<latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="ig/HUqWg2zcHcIhT0tSS/++FJws="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit>

q̄
<latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="+hY//vHFqzh/TJ4WtxGAlZYrwac="></latexit><latexit sha1_base64="+hY//vHFqzh/TJ4WtxGAlZYrwac="></latexit><latexit sha1_base64="R6QurOaaCkCONtYF+zGZflESXu8="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit><latexit sha1_base64="Oz2k1ZsgF2piZ08vGQ7pkUAlVNY="></latexit>

b
<latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="9XVdpWeVHG/6C0l2qo6vbRhok5w="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit><latexit sha1_base64="1cgNFaRGMPV9QzunKV1qeCA6UTU="></latexit> s

<latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0K3pH0pZHA1XvaN3C2qi6UDNHOc="></latexit><latexit sha1_base64="0K3pH0pZHA1XvaN3C2qi6UDNHOc="></latexit><latexit sha1_base64="BfcSiZhy/d/Mz+8nEKKVyygOdFw="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit><latexit sha1_base64="aPkiNyj6khSPdhFxuDiHuqTRq+E="></latexit>

�
<latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="XKMTKfSxP08TJzSWMgpyk9lDmrY="></latexit><latexit sha1_base64="XKMTKfSxP08TJzSWMgpyk9lDmrY="></latexit><latexit sha1_base64="gzsLN6S+KraG2BkbZm32+aFqELo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit><latexit sha1_base64="Jdfwv9l1+Sbtm6YpHv21BhbEEHo="></latexit>

t
<latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="dZDgqBcxa4embSsRbWdTgUyeg/A="></latexit><latexit sha1_base64="dZDgqBcxa4embSsRbWdTgUyeg/A="></latexit><latexit sha1_base64="npOFmjGCxCG6dFr32rzs4BR5eQk="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit><latexit sha1_base64="XxvTW58BvMrtFWAAquR6FKKAXqc="></latexit>

t̄
<latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="PfpQh2kpcq9OW0GLMfrlqAjby6g="></latexit><latexit sha1_base64="PfpQh2kpcq9OW0GLMfrlqAjby6g="></latexit><latexit sha1_base64="4fgJy4JaB9Y2Zr2Rxo7fAvlvdic="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit><latexit sha1_base64="mxW+0Umn0LvQR3wDaocy5PbDdJs="></latexit>

Z 0
<latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="0p0CmRh2fTN9qS07nYDsj1QdAtw="></latexit><latexit sha1_base64="wmeqxOOhD2LMa4quqTj98NyDe/o="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit><latexit sha1_base64="4FA2jmWqEOa5mAsWuOYJU1dqMA4="></latexit>

Top & Bottom



Flavor structures

 12universality & misalignment: see Aguilar-Saavedra et al. 2018, Faroughy et al. 2020

C(1),kl
�q O(1),kl

�q = C(1),kl
�q (H†

 !
iDµH)(Q

k
�µQ

l)
<latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="SmzqfYLkacz2kK/oN8CiL3d9ybQ="></latexit><latexit sha1_base64="SmzqfYLkacz2kK/oN8CiL3d9ybQ="></latexit><latexit sha1_base64="MH8iM+9V5iVtjd5Lt5k5wyb627E="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit><latexit sha1_base64="yc3JbSIM+YG2UUSOsDCJxWW1nKM="></latexit>

U(3)Q ⇥ U(3)U ⇥ U(3)D ⇥ U(3)L ⇥ U(3)E
<latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="+wQiH2XNeDs/hZmrW+8g9EXb3ow="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit>

Gauge sector:

Minimal flavor violation:

C(1)
�q = a1+ b YUY

†
U + c YDY †

D + . . .
<latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NnvtS91phFXuedQFNzv9n0AHXo="></latexit><latexit sha1_base64="6NnvtS91phFXuedQFNzv9n0AHXo="></latexit><latexit sha1_base64="I1nf/YRDiaiOqnfx19uu3o9xK84="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit><latexit sha1_base64="iq13oC7Dtg94qrqSwVkfFhqMKZw="></latexit>

=

0

@
a

a
A

1

A+ O(y2b )

<latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="jVNXskVdW6MMYil/9cj3N7SGPnQ="></latexit><latexit sha1_base64="jVNXskVdW6MMYil/9cj3N7SGPnQ="></latexit><latexit sha1_base64="4qm06TjLGpM5O0KPkQ5XVE4CcdU="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit><latexit sha1_base64="teNRktcZHB0zI8OkObzHsQOiIjA="></latexit> A = a+ b y2t
<latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="pe7XCEX/Dvo3T1/v10l1z4udPZc="></latexit><latexit sha1_base64="pe7XCEX/Dvo3T1/v10l1z4udPZc="></latexit><latexit sha1_base64="912FJuqtuYyRWt/UNqgnFzWTYco="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit><latexit sha1_base64="2IS7KnLcoqafNB8Wq6oaV20xwno="></latexit>

Universality:

C(1)
�q =

0

@
a

a
a

1

A

<latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="zG1NveJ6uzUjKxWYNtr6ziggedc="></latexit><latexit sha1_base64="zG1NveJ6uzUjKxWYNtr6ziggedc="></latexit><latexit sha1_base64="8dTCQ/WvNAgWTUVrG5XmsnF6SNw="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit><latexit sha1_base64="rdAUoHSFOI9xS4rS1adaV0G8jjU="></latexit>

U(3)5
<latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="XxvVrOiaRHlzGpGxExUPw84RFhU="></latexit><latexit sha1_base64="XxvVrOiaRHlzGpGxExUPw84RFhU="></latexit><latexit sha1_base64="XFmndZ6/hvjqE7QMINNp/4gsLnc="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit><latexit sha1_base64="B3AczX73Yj9rlzCyj+223Tf4RnQ="></latexit>

Misalignment:

C(1)
�q =

0

@
a b

a c
b c d

1

A

<latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="J69VgHog9JT8PA83uNMurCwRjAU="></latexit><latexit sha1_base64="J69VgHog9JT8PA83uNMurCwRjAU="></latexit><latexit sha1_base64="retv9DOceLjE1SvdSEhOCcJtwOM="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit><latexit sha1_base64="D+7k39SmumrNnyKqWDQn0hpkPP8="></latexit>

U(2)5
<latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="wPFwwxlZ0i9UFB2lyNtfqOxUxp4="></latexit><latexit sha1_base64="wPFwwxlZ0i9UFB2lyNtfqOxUxp4="></latexit><latexit sha1_base64="G9Wro0uu8DlcXT3pHyKh/8txpKw="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit><latexit sha1_base64="9FkH1lWE/xIH3i33JjfO8ONKrhc="></latexit>
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Top-bottom connection resolves flavor structure.
Bruggisser, Schäfer, van Dyk, Westhoff 2101.07273

O(3)
�q = (H†

 !
iDµ ⌧aH)(Q�µ⌧

aQ)
<latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="HLPEX632oes242Y+jwW91b7Xsl8="></latexit><latexit sha1_base64="HLPEX632oes242Y+jwW91b7Xsl8="></latexit><latexit sha1_base64="i5b2mBmR4F955JH/E3smZe3VTtE="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit>

O(1)
�q = (H†

 !
iDµH)(Q�µQ)

<latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="35vTxE1t/wygV5Lp2vAZt0KFV28="></latexit><latexit sha1_base64="35vTxE1t/wygV5Lp2vAZt0KFV28="></latexit><latexit sha1_base64="gpUSED8Ln1U5JoLHEFugJeaWHSY="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit>

pp ! tt̄Z, tt̄W
<latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="FqGBKbuNtglO318GhU9fOTuMqvo="></latexit><latexit sha1_base64="FqGBKbuNtglO318GhU9fOTuMqvo="></latexit><latexit sha1_base64="aw6usXdcHpohWZng7l/v9YrjnDA="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit><latexit sha1_base64="PrX0gXn6akYev9fJwNGGnmcuMKs="></latexit>

pp ! tt̄
<latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="gJTClVJNwkaz0lY6VBKk6gyCX7c="></latexit><latexit sha1_base64="gJTClVJNwkaz0lY6VBKk6gyCX7c="></latexit><latexit sha1_base64="w88cGc052KKrotNPjCq3E3ZgC8I="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit><latexit sha1_base64="I9anur9xuox1Bxn/4TvisMFxEPg="></latexit>

pp ! tW
<latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mOXKjvGg17jJj+/N2Gc78hmImak="></latexit><latexit sha1_base64="mOXKjvGg17jJj+/N2Gc78hmImak="></latexit><latexit sha1_base64="b9hu7YpA2vzzkZjo3pePmvukOz0="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit><latexit sha1_base64="IhEz2A4UQB+VtQWD5SE6tmMMQtI="></latexit>

pp ! tj, tZj
<latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Hq+v6EGm4rs7594e7afK6BExvrs="></latexit><latexit sha1_base64="Hq+v6EGm4rs7594e7afK6BExvrs="></latexit><latexit sha1_base64="UxSd+nGeuBRPMxPH0kmDFPoOnaY="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit><latexit sha1_base64="Vpbg+FUSCbiaz2AenbCmJ8pfRqA="></latexit>

t ! bW
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contour plots. The contour lines correspond to ��2 = 2.30 and ��2 = 5.99 for the profiled

likelihoods, i.e., the projections of the full n-dimensional likelihoods onto a two-dimensional

surface by means of profiling. In a fully Gaussian case, these contours correspond to the

68% and 95% confidence levels.

Two-quark operators In MFV the Wilson coe�cients C(1)
�q and C(3)

�q are determined by

the four flavor parameters

a(�)
�q , b(�)

�q , a(3)�q , b(3)�q . (5.4)

Electroweak processes are sensitive to either all or a subset of these parameters. The

relevant top observables at the LHC with 13 TeV collision energy can be written as

�t [pb] = 126 + 15.1
⇥
a(3)�q +A(3)

�q

⇤
+ 0.5

⇥
a(3)�q +A(3)

�q

⇤2
(5.5)

�tW [pb] = 75.3 + 9.1A(3)
�q + 0.27

�
A(3)

�q

�2

�tZ [pb] = 0.78 + 0.17
⇥
a(3)�q +A(3)

�q

⇤
+ 0.01a(�)

�q + 0.10
�
a(3)�q

�2
+ 0.02

�
A(3)

�q

�2

�tt̄Z [pb] = 0.679 + 0.023a(3)�q � 0.070A(�)
�q + 0.008

�
a(�)
�q

�2
+ 0.004

⇥
2a(3)�q + a(�)

�q

⇤2

�tt̄W [pb] = 0.446 + (0.054 + 0.008)a(3)�q + 0.062
�
a(3)�q

�2
,

and the flavor observables are given by

B(B ! Xs�) ⇥ 104 = 3.26 + 0.36 a(3)�q � 0.76 b(3)�q (5.6)

B(Bs ! µ+µ�) ⇥ 109 = 3.57 � 41.0
⇥
2b(3)�q + b(�)

�q

⇤
+ 117.8

⇥
2b(3)�q + b(�)

�q

⇤2
,

up to percent corrections or less for a, b ⇠ 1. In Tab. 9 in App. A, we list the full numerical

expressions, including electroweak corrections to tt̄Z and tt̄W production. Contributions of

a(3)�q , a
(�)
�q and A(3)

�q , A
(�)
�q are due to light-quark and top-quark couplings, respectively. While

top observables probe flavor-violating e↵ects in the combination A = a+by2t , B ! Xs� and

Bs ! µ+µ� involve the flavor-breaking parameter b alone. In Eq. (5.5) we have highlighted

sizeable electroweak contributions in boldface.

In Fig. 4 we display the results of a four-parameter fit to the top and flavor observables

described in Sec. 5.1: top observables (blue), top & Bs ! µ+µ� (green), and top &

Bs ! µ+µ� & B ! Xs� (orange). Shown are the ��2 = 2.30 (solid) and ��2 = 5.99

(dashed) contours for selected pairs of flavor parameters, obtained by profiling over the

remaining two parameters. A global fit of electroweak top observables sets bounds in all

directions of the parameter space spanned by Eq. (5.4). Including B ! Xs� and

Bs ! µ+µ� in the fit significantly enhances the resolution of the gauge and flavor

structure for the considered operators.

The left panel shows bounds on flavor universality breaking for C(3)
�q . In a flavor-universal

UV theory, b(3)�q = 0 and all SMEFT contributions lie along the horizontal line (a(3)�q , 0).

Single top production constrains the direction (2, 1), cf. Eq. (5.5). The orthogonal

direction (1,�2) is bounded by contributions of (a(3)�q )
2 and (A(3)

�q )
2 in tZ, tW and tt̄W
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Figure 5: Impact of electroweak contributions of C(�)
�q (mt) = C(1)

�q �C(3)
�q and C(3)

�q (mt) to

tt̄Z and tt̄W production in MFV. Shown are the ��2 = 2.30 (solid) and ��2 = 5.99

(dashed) contours obtained from four-parameter fits of {a(�)
�q , b(�)

�q , a(3)�q , b
(3)
�q } to top

observables with (orange) and without (purple) electroweak contributions. Bs ! µ+µ�

and B ! Xs� are also included in the fits. Left: flavor universality test of weak neutral

currents with up-quarks (a(�)
�q , b(�)

�q ). Right: flavor-universal neutral currents (a(�)
�q ) versus

charged currents (a(3)�q ).

focus mostly on O(1)
qq , O

(3)
qq , i.e., on operators with left-handed quarks only. In MFV, the

relevant degrees of freedom that can be probed in top observables are (see Eq. (3.15))

A(�)
qq , eA(�)

qq , A(3)
qq , eA(3)

qq . (5.7)

These four parameters can be resolved in a combined fit of top-antitop production and

electroweak top production, cf. Eqs. (4.5) and (4.7). In addition, Bs ! µ+µ� is sensitive

to the combination

Bqq = sin ✓B(�)
qq (mt) + cos ✓B(3)

qq (mt), sin ✓ = 0.09 (5.8)

through the Wilson coe�cient (see Eq. (3.16))

C10(mb) = 0.29
⇣
A(3)

qq (mt) +B(3)
qq (mt)y

2
t

⌘
+ 0.03

⇣
eA(�)
qq (mt) +B(�)

qq (mt)y
2
t

⌘
. (5.9)

As mentioned in Sec. 3.3, the sensitivity of C10 to F (3)
qq (µ) = A(3)

qq (µ) + B(3)
qq (µ)y2t and

F (�)
qq (µ) = eA(�)

qq (µ) + B(�)
qq (µ)y2t depends on the choice of the scale µ, due to operator

mixing in the SMEFT RG evolution. By comparing the matching relations in Tab. 5 with

Tabs. 7 and 8, we see that C10 has a good sensitivity to F (3)
qq (mZ) and F (�)

qq (mZ), while the

sensitivity to F (3)
qq (mt) and F (�)

qq (mt) is much lower. As a consequence, the relative impact

of top and flavor observables in the SMEFT fit is sensitive to the energy scale probed in

top observables.
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,
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Figure 10: Results from the CLs scan used to obtain the limit on (top) B(B0
! µ+µ�) and

(bottom) B(B0
s ! µ+µ��). The background-only expectation is shown by the red line and the 1-

and 2-� bands are shown as light blue and blue bands respectively. The observation is shown as
the solid black line. The two dashed lines intersecting with the observation indicate the limits at
90% and 95% CL for the upper and lower line respectively.

of the profile likelihood ratio if it is larger than the measured branching fraction and694

zero otherwise. Its distribution is determined from pseudo-experiments with the Plugin695

method, where the nuisance parameters are profiled over. The CLs curves are shown in696

Fig. 10 from which the limit on B(B0
! µ+µ�) is found to be697

B(B0
! µ+µ�) < 2.6⇥ 10�10

at 90% (95%) CL, and the limit on B0

s ! µ+µ�� decays is found to be698

B(B0

s ! µ+µ��)mµµ>4.9GeV/c2 < 2.0⇥ 10�9

at 90%(95%) CL. The measured upper limits are shown in Fig. 10, together with the699

expected ones.700

As described in Sec. 5.2, the BDT calibration of B0

s ! µ+µ� decays depends on701

the lifetime which introducing a model-dependence in the measured time-integrated702

branching fraction. In the fit the SM value Aµµ
��s

= 1 assumed for B0

s ! µ+µ� and the703

same assumption is done for B0

s ! µ+µ��. The model dependence is also evaluated704

by repeating the fit under the assumptions Aµµ
��s

= 0 and �1, finding an increase of705

the B0

s ! µ+µ� branching fraction with respect to the SM hypothesis of 4.7% and706

10.9%, respectively, while the branching fraction of B0
! µ+µ� remains unchanged.707

The dependence is approximately linear in the physically allowed Aµµ
��s

range. A similar708

dependence is present for the B0

s ! µ+µ�� decay with a negligible impact on the branching709

fraction limit.710

27

Branching fraction results
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[LHCB-PAPER-2021-007]

ℬ(B0 → μ+μ−) < 2.6 × 10−10 (95 % CL)

ℬ(B0
s → μ+μ−γ)mμ+μ−>4.9 GeV < 2.0 × 10−9 (95 % CL)

•  spot on 
previous LHCb result and SM compatible

• Limits set with the  method:

ℬ(B0
s → μ+μ−) = (3.09+0.46+0.15

−0.43−0.11) × 10−9

CLs
[J. Phys. G28 (2002) 2693]
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Figure 18: A two-dimensional representation of the branching fraction measurements for B0
s !

µ+µ� and B0! µ+µ�. The Standard Model value [6] is shown as the red cross labelled SM. The
central value from the branching fraction measurement is indicated with the blue dot. The profile
likelihood contours for 68%, 95% and 99% CL. intervals for the result presented in this Letter
are shown as blue contours, while the brown contours indicate the previous measurement [12].
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LHCB-PAPER-2021-007

B(Bs ! µ+µ�)⇥ 109 = 3.57� 1.71 C10 + 0.21 C2
10
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,
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loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)
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or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.
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a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in
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a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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sensitivity: rare B decays & top

Charged leptons and neutrinos probe orthogonal weak couplings.
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FIG. 1: Sensitivities to C̃
±
lq and C̃

±
'q, defined in (11), in top-quarks with charged leptons (upper row), and

beauty with charged leptons and neutrinos (lower row). The black circles denote SMEFT operators, wavy

lines are electroweak gauge bosons.

Universality dictates that the total dineutrino branching ratio is given by three times a flavor-

specific one, B(b ! s⌫⌫̄) = 3B(b ! s⌫i⌫̄i). Here, i is fixed, but could be any of the three flavors.

We do assume universality when we include dineutrino modes in the fits to future data.

As is customary, in the following we use rescaled coefficients and drop the superscript for brevity

C̃i =
v
2

⇤2
Ĉ

33
i , (10)

where v = 246GeV is the Higgs vacuum expectation value. To highlight SU(2)L complementary

between top and beauty, we introduce

C̃
±
lq
= C̃

(1)
lq

± C̃
(3)
lq

, C̃
±
'q = C̃

(1)
'q ± C̃

(3)
'q . (11)

The sensitivities are illustrated in Fig. 1.

C. Matching and Running: SMEFT and WET

To constrain the Wilson coefficients of the SMEFT operators in Eqs. (2) and (3) using B physics

measurements, the SMEFT Lagrangian has to be matched onto the WET Lagrangian, see App. A

for details. The procedure to compute BSM contributions at the scale µb in terms of coefficients

given at the scale µt is described in detail in Ref. [17] and adapted here.
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C. Matching and Running: SMEFT and WET

To constrain the Wilson coefficients of the SMEFT operators in Eqs. (2) and (3) using B physics

measurements, the SMEFT Lagrangian has to be matched onto the WET Lagrangian, see App. A

for details. The procedure to compute BSM contributions at the scale µb in terms of coefficients

given at the scale µt is described in detail in Ref. [17] and adapted here.
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A. SMEFT dimension-six operators

At energies sufficiently below the scale of new physics, ⇤, the effects of new interactions and

BSM particles can be described by a series of higher-dimensional effective operators with mass

dimension d > 4 [42, 43]. These operators are built out of SM fields and respect the symmetries

of the SM. The SMEFT Lagrangian LSMEFT is obtained by adding these d-dimensional operators

O
(d)
i

together with corresponding Wilson coefficients C
(d)
i

to the SM Lagrangian LSM. The C
(d)
i

encode the BSM couplings and, in order to be dimensionless, require a factor of ⇤4�d. The leading

SMEFT contributions arise at dimension six:

LSMEFT = LSM +
X

i

C
(6)
i

⇤2
O

(6)
i

+O
�
⇤�4

�
. (1)

Contributions from odd-dimensional operators lead to lepton- and baryon-number violation [44, 45]

and are neglected in this work. In the following, we employ the Warsaw basis [46] of dimension-six

operators, and consider operators with gauge bosons

O
(1)
'q =

⇣
'
†
i
 !
D µ'

⌘
(q̄L�

µ
qL) , O

(3)
'q =

⇣
'
†
i
 !
D

I

µ'

⌘ �
q̄L⌧

I
�
µ
qL

�
,

OuB = (q̄L�
µ⌫
uR) '̃Bµ⌫ , OuW =

�
q̄L�

µ⌫
⌧
I
uR

�
'̃W

I

µ⌫ , OuG =
�
q̄L�

µ⌫
T
A
uR

�
'̃G

A

µ⌫ ,

O'u =
⇣
'
†
i
 !
D µ'

⌘
(ūR�

µ
uR) ,

(2)

and semileptonic four-fermion operators

O
(1)
lq

=
�
l̄L�µlL

�
(q̄L�

µ
qL) , O

(3)
lq

=
�
l̄L�µ⌧

I
lL

� �
q̄L�

µ
⌧
I
qL

�
, Oqe = (q̄L�µqL) (ēR�

µ
eR) ,

Oeu = (ēR�µeR) (ūR�
µ
uR) , Olu =

�
l̄L�µlL

�
(ūR�

µ
uR) .

(3)

Here, qL, lL are the quark and lepton SU(2)L doublets, and uR, eR the up-type quark and charged

lepton SU(2)L singlets, respectively. Flavor indices that exist for each SM fermion field are sup-

pressed here for brevity but will be discussed in Sec. II B. With Bµ⌫ , W I
µ⌫ and G

A
µ⌫ we denote the

gauge field strength tensors of U(1)Y , SU(2)L and SU(3)C , respectively. T
A = �

A
/2 and ⌧

I
/2 are

the generators of SU(3)C and SU(2)L in the fundamental representation with A = 1, . . . , 8 and

I = 1, 2, 3, and �
A and ⌧

I are the Gell–Mann and Pauli matrices, respectively. The SM Higgs

doublet is denoted by ' with its conjugate given as '̃ = i⌧
2
',

⇣
'
†
i
 !
D µ'

⌘
= i'

†(Dµ')� i(Dµ'
†)'

and
⇣
'
†
i
 !
D

I
µ'

⌘
= i'

†
⌧
I(Dµ')� i(Dµ'

†)⌧ I'.

Further dimension-six operators exist that contribute at subleading order to top-quark observ-

ables such as dipole operators OdX with X = B,W,G and right-handed b quarks, with contri-

butions suppressed by mb/mt. We neglect those as well as all other SMEFT operators involving
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FIG. 12: Examples for two-dimensional marginalized posterior distributions of SMEFT coefficients C̃i ob-

tained in a fit of all eleven coefficients to top-quark and B data in Tabs. II-IV (light blue), top-quark

observables at CLIC in Tab. V (grey) and the combined set (blue). Shown are the smallest regions contain-

ing 90% posterior probability. Constraints from the fit on the combined set are so strong that the smallest

90% region is barely visible in the C̃(1)
lq -C(3)

lq plane (plot to the right).

and Fig. 12 only shows two-dimensional projections.

As anticipated in Sec. II B the full, global fit results including CLIC projections are obtained

assuming lepton-flavor universality. While in BSM scenarios where lepton generations couple dif-

ferently the results cannot be applied directly, the findings on the orthogonality of the constraints

and synergies between top and beauty continue to hold.

VI. CONCLUSIONS

We performed fits within SMEFT to top-quark pair production, decay, Z ! bb̄ transitions,

and b ! s transitions. We highlight how each of the individual datasets constrains different

sets of Wilson coefficients of dimension-six operators affecting top-quark physics at present and

future colliders. Extending previous works [18], we put an emphasis on semileptonic four-fermion

operators, which are of high interest as they may be anomalous according to current flavor data

and moreover are essentially unconstrained for top quarks. SU(2)L invariance leads to relations

between up-type and down-type quark observables, a well-known feature with recent applications

in semileptonic processes within SMEFT [52]. Here, we exploit this symmetry link between top

and beauty observabes at the LHC and a future lepton collider.

Using existing data in Tabs. II and III as well as Zbb data we constrain eight SMEFT Wilson

coefficients with results shown in Fig. 6. Combining complementary constraints significantly im-
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Probing the flavor structure in SMEFT: 

Flavor observables in global SMEFT fits:

non-local contributions to Wilson coefficients C7, C9

compatibility of flavor and LHC fit results

high sensitivity to effective couplings and flavor breaking

kaons - jets 
bottom/charm - top 
leptons, neutrinos - electroweak, Higgs

interplay of

top-bottom connection is flavor-sensitive
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level of total rates and kinematic distributions. We also include top pair production in

association with a W - or Z-boson, which is more sensitive to certain operators than top

pair or single top production and help distinguishing between operators. Table 1 shows

our set of Wilson coe�cients and their contributions to the various processes.

parameter tt̄ single t tW tZ t decay tt̄Z tt̄W

C1,8
Qq ⇤�2 – – – – ⇤�2 ⇤�2

C3,8
Qq ⇤�2 ⇤�4 [⇤�2] – ⇤�4 [⇤�2] ⇤�4 [⇤�2] ⇤�2 ⇤�2

C8
tu, C

8
td ⇤�2 – – – – ⇤�2 –

C1,1
Qq ⇤�4 [⇤�2] – – – – ⇤�4 [⇤�2] ⇤�4 [⇤�2]

C3,1
Qq ⇤�4 [⇤�2] ⇤�2 – ⇤�2 ⇤�2 ⇤�4 [⇤�2] ⇤�4 [⇤�2]

C1
tu, C

1
td ⇤�4 [⇤�2] – – – – ⇤�4 [⇤�2] –

C8
Qu, C

8
Qd ⇤�2 – – – – ⇤�2 –

C8
tq ⇤�2 – – – – ⇤�2 ⇤�2

C1
Qu, C

1
Qd ⇤�4 [⇤�2] – – – – ⇤�4 [⇤�2] –

C1
tq ⇤�4 [⇤�2] – – – – ⇤�4 [⇤�2] ⇤�4 [⇤�2]

C�
�Q – – – ⇤�2 – ⇤�2 –

C3
�Q – ⇤�2 ⇤�2 ⇤�2 ⇤�2 – –

C�t – – – ⇤�2 – ⇤�2 –

C�tb – ⇤�4 ⇤�4 ⇤�4 ⇤�4 – –

CtZ – – – ⇤�2 – ⇤�2 –

CtW – ⇤�2 ⇤�2 ⇤�2 ⇤�2 – –

CbW – ⇤�4 ⇤�4 ⇤�4 ⇤�4 – –

CtG ⇤�2 [⇤�2] ⇤�2 – [⇤�2] ⇤�2 ⇤�2

Table 1. Wilson coe�cients in our analysis and their contributions to top-quark observables via
SM-interference (⇤�2) and via dimension-6 squared terms only (⇤�4). A square bracket indicates
that the Wilson coe�cient contributes via SM-interference at NLO QCD. All quark masses except
mt are assumed to be zero. ‘Single t’ stands for s� and t�channel electroweak top production.

In what follows, we describe in detail how the 22 top operators a↵ect these processes.

We pay special attention to contributions of the dimension-6 squared terms, which will

be crucial for our global fit. Another important aspect in our discussion is the energy

dependence of operator contributions, which changes the top kinematics in distributions.

For top pair production, we present complete analytic expressions for four-quark operator

contributions at LO, including both SM-interference and dimension-6 squared terms. We

also derive the structure of operator contributions at NLO QCD.

– 5 –

Hartland et al. 1901.05965; Brivio, SW et al. 1910.03606
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t

t

q
<latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="ig/HUqWg2zcHcIhT0tSS/++FJws="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit>

q
<latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="8kgWM7bsyC4Sf1JFBZH6ppbatx0="></latexit><latexit sha1_base64="ig/HUqWg2zcHcIhT0tSS/++FJws="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit><latexit sha1_base64="eF7AOORONQKNXQdGvPl22yqeoLU="></latexit>

LL,RR
<latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0a50ImKFUWJwg6SITjrkeH1gWaY="></latexit><latexit sha1_base64="0a50ImKFUWJwg6SITjrkeH1gWaY="></latexit><latexit sha1_base64="P1y/O8nfMGVv4/phknog8viluMM="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit><latexit sha1_base64="juPVLOzrX1DF0UddJtql7QpOZ1g="></latexit>

LR,RL
<latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="2+mm9Gz/aGvwXps+huv7UleQKwI="></latexit><latexit sha1_base64="2+mm9Gz/aGvwXps+huv7UleQKwI="></latexit><latexit sha1_base64="hy4OXQJluQDklhumOK90t6/2qps="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit><latexit sha1_base64="U9eXAVOCCDg7BKpTw6xafGXTi7s="></latexit>

t

t

V, h
<latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="i8sd+F5VCB7Z5JZ0Zg2X44Cucas="></latexit><latexit sha1_base64="i8sd+F5VCB7Z5JZ0Zg2X44Cucas="></latexit><latexit sha1_base64="2B6GlDibNpiy7uNCqjUmPG07mc8="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit><latexit sha1_base64="Wyo1QSVS7Snu5XrnEIjXhZRMiLY="></latexit>
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Higgs-lepton

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

triple-gauge

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

Higgs-quark

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

dipole

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

4-quark

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

2-quark 2-lepton

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

pictures: S. Renner
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O10 =
4GF
p
2
VtbV

⇤
ts
↵e

4⇡
(s̄�µPLb)(µ̄�

µ�5µ)
<latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="7gGn2QRjD6trNgZ/lQVtzsdsnlQ="></latexit><latexit sha1_base64="7gGn2QRjD6trNgZ/lQVtzsdsnlQ="></latexit><latexit sha1_base64="wrmJbKrNi3d0Fv5TyR8qVctpOY4="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit><latexit sha1_base64="ISTlAuALTEc8vaKz0im6WqLXALE="></latexit>

O8 =
4GF
p
2
VtbV

⇤
ts

gs
16⇡2

mb(s�
µ⌫TAPRb)G

A
µ⌫

<latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="7+YPvydzxlU7yhldHeocq+22txY="></latexit><latexit sha1_base64="7+YPvydzxlU7yhldHeocq+22txY="></latexit><latexit sha1_base64="ojCz8rUGKchXCzOhsIXIYO4VhZ4="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit><latexit sha1_base64="0kLizgFKpub30+oaxlkatrZd1ng="></latexit>

O7 =
4GF
p
2
VtbV

⇤
ts

e

16⇡2
mb(s�

µ⌫PRb)Fµ⌫
<latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="V+oh2Gch7+LOm6b7Juhwy+psQDs="></latexit><latexit sha1_base64="V+oh2Gch7+LOm6b7Juhwy+psQDs="></latexit><latexit sha1_base64="1/cffrkEafsQUW2IFQj72bTcfLM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit><latexit sha1_base64="aqk3q8pVoi5nkp+SxN/4kb3goNM="></latexit>
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loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
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a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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The various contributions of C(1)
�q and C(3)
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loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
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qu (c), as well as F (3)
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a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral
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Loop level: flavor-diagonal & flavor-breaking.

Tree level: flavor-breaking.
X

(C(1),kk
�q + C(3),kk

�q )Vk3V
⇤
k2 ⇠ (b(1)�q + b(3)�q )y

2
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contour plots. The contour lines correspond to ��2 = 2.30 and ��2 = 5.99 for the profiled

likelihoods, i.e., the projections of the full n-dimensional likelihoods onto a two-dimensional

surface by means of profiling. In a fully Gaussian case, these contours correspond to the

68% and 95% confidence levels.

Two-quark operators In MFV the Wilson coe�cients C(1)
�q and C(3)

�q are determined by

the four flavor parameters

a(�)
�q , b(�)

�q , a(3)�q , b(3)�q . (5.4)

Electroweak processes are sensitive to either all or a subset of these parameters. The

relevant top observables at the LHC with 13 TeV collision energy can be written as

�t [pb] = 126 + 15.1
⇥
a(3)�q +A(3)

�q

⇤
+ 0.5

⇥
a(3)�q +A(3)

�q

⇤2
(5.5)

�tW [pb] = 75.3 + 9.1A(3)
�q + 0.27

�
A(3)

�q

�2

�tZ [pb] = 0.78 + 0.17
⇥
a(3)�q +A(3)

�q

⇤
+ 0.01a(�)

�q + 0.10
�
a(3)�q

�2
+ 0.02

�
A(3)

�q

�2

�tt̄Z [pb] = 0.679 + 0.023a(3)�q � 0.070A(�)
�q + 0.008

�
a(�)
�q

�2
+ 0.004

⇥
2a(3)�q + a(�)

�q

⇤2

�tt̄W [pb] = 0.446 + (0.054 + 0.008)a(3)�q + 0.062
�
a(3)�q

�2
,

and the flavor observables are given by

B(B ! Xs�) ⇥ 104 = 3.26 + 0.36 a(3)�q � 0.76 b(3)�q (5.6)

B(Bs ! µ+µ�) ⇥ 109 = 3.57 � 41.0
⇥
2b(3)�q + b(�)

�q

⇤
+ 117.8

⇥
2b(3)�q + b(�)

�q

⇤2
,

up to percent corrections or less for a, b ⇠ 1. In Tab. 9 in App. A, we list the full numerical

expressions, including electroweak corrections to tt̄Z and tt̄W production. Contributions of

a(3)�q , a
(�)
�q and A(3)

�q , A
(�)
�q are due to light-quark and top-quark couplings, respectively. While

top observables probe flavor-violating e↵ects in the combination A = a+by2t , B ! Xs� and

Bs ! µ+µ� involve the flavor-breaking parameter b alone. In Eq. (5.5) we have highlighted

sizeable electroweak contributions in boldface.

In Fig. 4 we display the results of a four-parameter fit to the top and flavor observables

described in Sec. 5.1: top observables (blue), top & Bs ! µ+µ� (green), and top &

Bs ! µ+µ� & B ! Xs� (orange). Shown are the ��2 = 2.30 (solid) and ��2 = 5.99

(dashed) contours for selected pairs of flavor parameters, obtained by profiling over the

remaining two parameters. A global fit of electroweak top observables sets bounds in all

directions of the parameter space spanned by Eq. (5.4). Including B ! Xs� and

Bs ! µ+µ� in the fit significantly enhances the resolution of the gauge and flavor

structure for the considered operators.

The left panel shows bounds on flavor universality breaking for C(3)
�q . In a flavor-universal

UV theory, b(3)�q = 0 and all SMEFT contributions lie along the horizontal line (a(3)�q , 0).

Single top production constrains the direction (2, 1), cf. Eq. (5.5). The orthogonal

direction (1,�2) is bounded by contributions of (a(3)�q )
2 and (A(3)

�q )
2 in tZ, tW and tt̄W

– 29 –

B(Bs ! µ+µ�)⇥ 109 = 3.57� 41.0 b(+)
�q + 117.8(b(+)

�q )2
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,

– 16 –

X

k

C(�),33kk
qq
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Top observables are flavor-sensitive. (against folklore)
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Figure 3: Examples of Feynman diagrams for electroweak contributions to tt̄Z production

in SMEFT. The circles indicate operator insertions in the amplitude.

flavor-diagonal couplings, the leading contributions to electroweak top production are

single top : C(3),11
�q , C(3),33

�q (4.2)

tt̄W : C(3),11
�q ,

h
C(3),33
�q , C(1),11

�q ± C(3),11
�q , C(1),33

�q � C(3),33
�q

i

tW : C(3),33
�q

tt̄Z : C(1),11
�q ± C(3),11

�q , C(1),33
�q � C(3),33

�q

tZ : C(1),11
�q ± C(3),11

�q , C(1),33
�q � C(3),33

�q , C(3),11
�q , C(3),33

�q .

In the Standard Model, tt̄Z and tt̄W production are dominated by QCD-induced processes

like qq̄ ! g⇤ ! tt̄Z or qq̄0 ! g⇤W ! tt̄W . In SMEFT, electroweak contributions from

partonic processes like qq̄ ! Z⇤
! tt̄Z or qq̄0 ! W ⇤

! tt̄W are important, see Fig. 3.

In tt̄W production they even dominate the sensitivity to O(3)
�q . In Eq. (4.2) we show in

brackets the extra electroweak contributions that can be probed in tt̄W production. In

Sec. 5, we will analyze them numerically.

The various coe�cients in Eq. (4.2) are distinguished by the gauge and flavor structures

of the Wilson coe�cients. Regarding the gauge structure, single top, tW and tt̄W

production probe C(3)
�q through the qq̄0W coupling. Associated tt̄Z production is sensitive

to C(1)
�q � C(3)

�q and C(1)
�q + C(3)

�q through the uūZ and dd̄Z couplings, and tZ production

probes all three directions in SMEFT space [70]. As in flavor observables, Eq. (3.12), we

choose C(�)
�q = C(1)

�q � C(3)
�q and C(3)

�q as independent degrees of freedom. In Sec. 5, we will

show how to resolve them in a combined analysis of top and top+flavor observables.

Regarding flavor, single top, tZ and tt̄Z production probe both C(w),11
�q and C(w),33

�q — and

accordingly a(w)
�q and A(w)

�q in MFV — through couplings with light quarks and top quarks.

These contributions shift the weak gauge couplings of left-handed quarks by a flavor-

dependent constant. This not only a↵ects the total cross section, but also the final-state

kinematics. Flavor universality can thus be tested in a combined analysis of electroweak top

observables, including both total cross sections and kinematic distributions for an optimal

sensitivity. The top polarization in electroweak top production is also sensitive to flavor

universality breaking, because SMEFT contributions change the chirality of the top quarks

in the final state.
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in SMEFT. The circles indicate operator insertions in the amplitude.

flavor-diagonal couplings, the leading contributions to electroweak top production are

single top : C(3),11
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In the Standard Model, tt̄Z and tt̄W production are dominated by QCD-induced processes

like qq̄ ! g⇤ ! tt̄Z or qq̄0 ! g⇤W ! tt̄W . In SMEFT, electroweak contributions from

partonic processes like qq̄ ! Z⇤
! tt̄Z or qq̄0 ! W ⇤

! tt̄W are important, see Fig. 3.

In tt̄W production they even dominate the sensitivity to O(3)
�q . In Eq. (4.2) we show in

brackets the extra electroweak contributions that can be probed in tt̄W production. In

Sec. 5, we will analyze them numerically.

The various coe�cients in Eq. (4.2) are distinguished by the gauge and flavor structures

of the Wilson coe�cients. Regarding the gauge structure, single top, tW and tt̄W

production probe C(3)
�q through the qq̄0W coupling. Associated tt̄Z production is sensitive

to C(1)
�q � C(3)

�q and C(1)
�q + C(3)

�q through the uūZ and dd̄Z couplings, and tZ production

probes all three directions in SMEFT space [70]. As in flavor observables, Eq. (3.12), we

choose C(�)
�q = C(1)

�q � C(3)
�q and C(3)

�q as independent degrees of freedom. In Sec. 5, we will

show how to resolve them in a combined analysis of top and top+flavor observables.

Regarding flavor, single top, tZ and tt̄Z production probe both C(w),11
�q and C(w),33

�q — and

accordingly a(w)
�q and A(w)

�q in MFV — through couplings with light quarks and top quarks.

These contributions shift the weak gauge couplings of left-handed quarks by a flavor-

dependent constant. This not only a↵ects the total cross section, but also the final-state

kinematics. Flavor universality can thus be tested in a combined analysis of electroweak top

observables, including both total cross sections and kinematic distributions for an optimal

sensitivity. The top polarization in electroweak top production is also sensitive to flavor

universality breaking, because SMEFT contributions change the chirality of the top quarks

in the final state.
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Top resolves blind directions in Higgs data:
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Higgs production via gluon fusion:

Figure 7. Constraints on the indicated pairs of operator coefficients at the 95% confidence level,
marginalised over the remaining degrees of freedom in the ‘Higgs only’ operator set. The green
and mauve shaded areas correspond to combined linear fits to Higgs data and Higgs + top data,
respectively. The blue ellipses indicate the marginalised constraints from Higgs + top data after
introducing top-quark four-fermion operators into the fit, and the yellow ellipses are obtained from
a fit dropping the tt̄H data.

new physics in the operator coefficients in the individual case are generally several hundred
GeV or more for Ci = 1. We also note that the Ci for the Yukawa operators would be
expected to contain a Yukawa factor in the MFV hypothesis, as discussed in Sec. 2, with
the bounds then weakened appropriately. The scale sensitivities in the marginalised case
still reach a TeV for Ci = 1 for most of the electroweak precision observables set and
some of the operators in the bosonic and top categories, falling to ⇠ 300 GeV for some
of the other top operators. We emphasise, however, that specific UV completions each
generate only a subset of operators, for which they have correspondingly improved reaches.
The individual and marginalised fits can therefore be taken as optimistic and pessimistic
sensitivity estimates, respectively, with realistic cases living somewhere between the two.
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