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b) well secluded
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The Top Link
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Global Top Data Analysis
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Durieux, Plehn, Westhoff et al. 2018Theory guidelines

U(2)q ⇥ U(2)u ⇥ U(2)d

dim-6 operators with tops at NLO QCD (Warsaw basis)
flavor symmetry

Top fits today probe scales comparable with direct LHC reach.
Figure 5.8. Same as Fig. 5.7, now representing the marginalised bounds obtained from the global fit
as bounds on �/


|ci|.

contributions).
These comparisons have been carried out in the case of both the marginalised results

obtained from the global fit and of the fits to individual degrees of freedom. In Table 5.3 we
show the 95% CL bounds on the fitted degrees of freedom obtained in the global analysis, and
compare the results obtained using the baseline theory settings with those obtained either
when only the linear O

!
�≠2

"
terms are included or when only LO QCD calculations are used

for the SMEFT contribution. In Table 5.4 we show the corresponding comparison in the case
of individual fits. Recall that, as mentioned above, some of the individual bounds reported
in Table 5.4 have been evaluated from the analytical minimisation of the ‰2, which for those
cases is more robust than the numerical minimisation.

As can be seen from Table 5.4, the individual bounds that one obtains at O
!
�≠2

"
are

very loose for most of the four-heavy-quark operators. This indicates that, using only the
linear SMEFT contribution, one has very limited sensitivity to these degrees of freedom. For
this reason, we do not attempt to quote any bounds for the four-heavy-quark operators in
the global fit based on O

!
�≠2

"
theory in Table 5.3: this small sensitivity might hinder the

reliability of numerical approaches such as the ones we adopt here. This problem goes away
once we include the O

!
�≠4

"
contributions, due to the additional sensitivity provided by the

quadratic terms. In this case, we can reliably quote 95% CL bounds for both global and
individual fits.

In Fig. 5.9 we show the graphical representation of the bounds reported in Table 5.3 for

52

Hartland et al. 2019

see also: Englert et al. 2016+



Sensitive Top Observables
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sensitivity grows with energy

Top-antitop production: high precision in prediction and observation.
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Figure 11: The Feynman diagrams for gg → tt̄ process. Diagram (a-c) are the SM amplitude. (d-h) are the
gtt vertex correction induced by OtG. (i) is the g3 vertex correction induced by OG. (j) is a ggtt interaction
from OtG, and (k) is a gg → h → tt process, induced by OφG.

Here θ is the angle between the gluon and top quark momenta in the center of mass frame; β ≡
√

1− 4m2

s is

the velocity of the top quark. Top quark pair production can be used to measure (or bound) the coefficients
of the operators OtG, OG and OφG. The operator OtG is also probed by Wt associated production, as
discussed above, and the operator OφG is probed by Higgs production [40].

Now we turn to consider the quark process qq̄ → tt̄. There are a large number of four-quark operators with
different chiral and flavor structures [2, 3, 37]. Here we consider all possible chirality and color structures.
In Ref. [3], only one generation is considered. When there are three generations, the quark field in these
operators can be of any generation. For example, (q̄iγµqj)(q̄γµq) and (q̄iγµq)(q̄γµqj) (superscripts i, j are
used to denote the first two generations) should be considered as different operators. The effect of some of
these operators are suppressed by the color structure or by the small quark mass. For example, (q̄iγµqj)(q̄γµq)
doesn’t interfere with the SM, because the t and t̄ form a color singlet; an operator like (q̄t)ϵ(q̄idj) doesn’t
interfere either, because it involves a left-handed and a right-handed down quark while the SM gdd̄ coupling
doesn’t change chirality.

14

CtG

Figure 12: The Feynman diagrams for uū → tt̄ process. (a) is the SM amplitude, (b) is the correction on
gtt coupling induced by OtG, and (c) is the four-fermion interactions. The dd̄ → tt̄ process has the same
diagrams.

Using the Fierz transformation and the following SU(2) and SU(3) identities

τIabτ
I
cd = −δabδcd + 2δadδbc

tAijt
A
kl = −

1

6
δijδkl +

1

2
δilδjk (50)

we find that only the following four-quark operators contribute to the uū, dd̄ → tt̄ reaction:

O(8,1)
qq = 1

4 (q̄
iγµλAqj)(q̄γµλAq) O(8,3)

qq = 1
4 (q̄

iγµτIλAqj)(q̄γµτIλAq)

O(8)
ut = 1

4 (ū
iγµλAuj)(t̄γµλAt) O(8)

dt = 1
4 (d̄

iγµλAdj)(t̄γµλAt)

O(1)
qu = (q̄ui)(ūjq) O(1)

qd = (q̄di)(d̄jq)

O(1)
qt = (q̄it)(t̄qj)

(51)

We don’t include the operators that have the form (q̄λAui)(ūjλAq). This operator can be turned into a

linear combination of O(1)
qu , which is already considered, and another operator (q̄cui

b)(ū
j
aqd)δabδcd (a, b, c, d

denote color indices), which does not contribute because the t and t̄ form a color singlet. In addition, we
also need to consider the operator OtG, whose effect is to change the gtt coupling. The diagrams are shown
in Figure 12. The result is

1

36
|Mūu→t̄t|2 = g2s(M
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32

√
2ReCtGg3svm
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1

36
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2
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s
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where

C1
u = C(8,1)

qq + C(8,3)
qq + C(8)

ut (53)

C2
u = C(1)

qu + C(1)
qt (54)

C1
d = C(8,1)

qq − C(8,3)
qq + C(8)

dt (55)

C2
d = C(1)

qd + C(1)
qt (56)

M2
1 =

4g2s
9s2

(3m4 −m2(t+ 3u) + u2) (57)

M2
2 =

4g2s
9s2

(3m4 −m2(3t+ u) + t2) (58)
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Figure 31: The differential tt production cross sections as a function of mtt are shown for the
data (filled circles), the theoretical predictions with beyond-NLO precision (other points) and
the prediction from POWHEG+PYTHIA (solid line). The vertical lines on the filled circles and
other points indicate the total uncertainty in the data and theoretical predictions, respectively.
The left and right plots correspond to absolute and normalised measurements, respectively.
The lower panel in each plot shows the ratios of the theoretical predictions to the data. The dark
and light bands show the relative statistical and total uncertainties in the data, respectively.
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Figure 32: The contributions of each source of systematic uncertainty to the total systematic
uncertainty in each bin is shown for the measurement of the normalised tt production cross
sections as a function of mtt. The sources affecting the JES are added in quadrature and shown
as a single component. Additional experimental systematic uncertainties are also added in
quadrature and shown as a single component. Contributions from theoretical uncertainties
are shown separately. The statistical and total uncertainties, corresponding to the quadrature
addition of statistical and systematic uncertainties, are shown by the dark and light filled his-
tograms, respectively.
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OV = (q̄�µq)(t̄�
µ
t)

OtG = (Q�µ⌫TAt) eHGA
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Look at tails of distributions
B1b: Precise top observables

Biekoetter, Plehn

and high-pT searches for NP.
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NLO QCD: Deutschmann et al.  2017
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µggh � 1 ⇠ 2.28CtG + 114CGH � 0.128CtH

strong mixing under RGE

Bramante, Delgado, Martin 2014�tt̄h ⇠ CtH + CtG

global analysis Higgs & EW: Biekoetter, Corbett, Plehn 2018

NLO QCD: Maltoni, Vryonidou, Zhang 2016

A1b: Higgs EFT

A2a: Higgs & EW global



Towards A Precise Top Fit
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Biekoetter, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zerwas, Zhang

OQq = (q̄�µ
Q)(Q�µq)� (q̄�µ

⌧
a
Q)(Q�µ⌧

a
q)

OtW = (Q�µ⌫⌧at) eHW a
µ⌫tt

b sW

�tb

q q0

W

t

b

q

q0

single top production and decay

t
b

W (NLO only)

12 Fit for Susanne

12.1 Setup of the fit

I run a new fit at NLO for Susanne that replaces the one from section 7 because I
have fixed or found a way around all bugs that we have discovered since. It is still
preliminary, however, for reasons discussed below. I run a fit on 10,000 toy data points
of the 31 measurements listed in table 9 with the six degrees of freedom as listed in
table 10.

process experiment energy [TeV] observable Ndat reference
single t s-channel CMS 7 �tot(t+ t̄) 1 [26]

CMS 8 �tot(t+ t̄) 1 [26]
single t t-channel ATLAS 7 d�tot(t)/dptT 5 [28]

d�tot(t̄)/dpt̄T 5
ATLAS 8 d�tot(t)/dyt 4 [30]

d�tot(t̄)/dyt 4
CMS 13 d�/dpt+t̄

T
4 [44]

tW CMS 7 �tot(tW ) 1 [34]
ATLAS 8 �tot(tW ) 1 [35]
CMS 13 �fid(Wbl

+
l
�
q) 1 [48]

t decay ATLAS 7 FL 1 [38]
FR 1

ATLAS 8 FL 1 [41]
FR 1

Table 9: Measurements used in the fit presented here. I list the physical process, the
experiment, the center-of-mass energy

p
s in TeV, the observable that was measured,

the number of measurements, the number of data points Ndat, and the corresponding
publication.

Where two experiments measured the same quantity, I have chosen the more promising
measurement for the fit. This has the advantage that we do not get any unphysical
e↵ects on the constraints. These e↵ects arise for example if there is one measurement
in very good agreement with the SM prediction, and another one that is quite far
o↵ but has big uncertainties. SFitter tries to find a compromise between the two
measurements, which results in what I call the “donut-e↵ect” if the degrees of freedom
are correlated. Basically, the two-dimensional distribution of two correlated degrees of
freedom (that are constrained by the two measurements of the same quantity) is donut-
shaped and that is not physically explainable. I will later implement the weighted mean
of two measurements of the same quantity. This is not included in this analysis because
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Top And Hidden New Physics
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Top And Hidden New Physics
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Ready To Discuss
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Top observables: High sensitivity / precision — where and how?

Top and Higgs: Consistent combination of fits?

Top and Flavor: Useful flavor patterns?

Beyond effective theory: Combine indirect and direct searches?


