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Operator sets and their impact on Higgs observables


Connection between the Higgs and top sectors in SMEFT


Impact of Higgs measurements on recent global fit results


Impact of theory variations in global fits
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SMEFT operators
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4-quark operators entering tt,ttH,ttV

Bosonic

2-fermion

4-quark (involving top-quarks)

Typical flavour scenarios:

• Flavour Universal

• U(3)L x U(3)e x U(3)Q x U(3)u x U(3)d


• Singling out the top (arXiv:1802.07237)

• U(3)L x U(3)e x U(2)Q x U(2)u x U(3)d 
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How do all these operators enter?
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ZH

ggZH VBF

ggH

from L. Mantani
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Impact of operators on STXS bins
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Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779

Simple rescalings

Harder tails

Example: Gluon fusion

+ operators which change input parameters, 
typically not so interesting for Higgs, 
constrained from EWPO
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Top-Higgs interplay beyond ggH
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Top EW couplings

New Higgs interactions

relevant for tHj, gg>HZ

gg>ZZ, H>Zγ

Typically searched for in Also relevant for:

Constraints from top fits are not very stringent 

A clear motivation for top+Higgs fits
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Extended top-Higgs interplay
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gg     h

gg     hj

tth

  gg     hh

gg     hz

thj

gg      ZZ

Production process

Top-Higgs are deeply connected: Global Higgs-top fits needed

Operators
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SMEFT global fits
What is currently used?
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Dataset
Ô

s, L Info Observables ndat Ref.

ATLAS_CMS_SSinc_RunI (*) 7+8 TeV, 20 fb≠1 Incl. µ
f
i

ggF, VBF, V h, tt̄h
20 [114]

h æ ““, V V, ··, bb̄

ATLAS_SSinc_RunI (*) 8 TeV, 20 fb≠1 Incl. µ
f
i h æ Z“, µµ 2 [115]

ATLAS_SSinc_RunII (*) 13 TeV, 80 fb≠1 Incl. µ
f
i

ggF, VBF, V h, tt̄h
16 [116]

h æ ““, W W, ZZ, ··, bb̄

CMS_SSinc_RunII (*) 13 TeV, 36.9 fb≠1 Incl. µ
f
i

ggF, VBF, W h, Zh tt̄h
24 [117]

h æ ““, W W, ZZ, ··, bb̄

Table 3.5. Same as Table 3.1 now for the measurements of the inclusive signal strenghts, Eq. (3.2),
in Higgs production and decay from the LHC Run I and Run II.

For the LHC Run II, we consider the ATLAS measurement of signal strengths correspond-
ing to an integrated luminosity of L = 80 fb≠1 [116], and the CMS measurement corresponding
to an integrated luminosity of L = 35.9 fb≠1 [117]. As in the case of the Run I signal strengths,
we keep into account correlations between the various production and final state combina-
tions. The ATLAS combination contains 16 signal strengths for the ggF, VBF, V h and tt̄h
production channels and the ““, ZZ, WW , ·· and bb̄ final states. As in the case of Run I,
measurements are sometimes not available for all final states for a given production channel,
for example the h æ bb̄ decay is not available for ggF while ·· is not provided in the case
of V h associate production. The CMS analysis contains 24 signal strengths measurements
in the ggF, VBF, Wh, Zh, and tt̄h production channels for the same final states as in the
ATLAS case. Results for the WW , ZZ and““ final states are available for all production
channels, while for the other final states, µµ, ·· , and bb̄, signal strength measurements are
only available for specific production channels. In total, we have ndat = 62 measurements of
Higgs inclusive signal strengths from Runs I and II.

Concerning the theoretical calculations corresponding to these measurements, the SM
production cross-sections and decay branching fractions are obtained from the associated
experimental publications. In turn, these represent the most updated available predictions,
and are provided in the LHC Higgs Cross-Section Working Group (HXSWG) reports [118–
120]. As in the case of top-quark production processes, EFT calculations are obtained at NLO
QCD using MadGraph5_aMC@NLO [71] with the SMEFT@NLO model. Additional details about
the implementation of EFT corrections to the Higgs signal strengths are provided in App. B.

Di�erential distributions and STXS. Table 3.6 summarizes the experimental measure-
ments of di�erential distributions and STXS for Higgs boson production and decay at the LHC
considered in the present analysis. Whenever one has a potential double counting between
a signal strength measurement and the corresponding di�erential distribution or STXS mea-
surement, we always select the latter, which provides more information on the EFT parameter
space due to its enhanced kinematical sensitivity.

To being with, we consider the ATLAS and CMS di�erential distributions in the Higgs
boson kinematic variables obtained from the combination of the h æ ““, h æ ZZ, and (in
the CMS case) h æ bb̄ final states at 13 TeV based on L = 36 fb≠1 [121, 122]. Specifically, we

24

Dataset
Ô

s, L Info Observables Ndat Ref

CMS_H_13TeV_2015 (*) 13 TeV, 35.9 fb≠1
ggF, VBF, V h, tt̄h

d‡/dp
h
T 9 [121]

h æ ZZ, ““, bb̄

ATLAS_ggF_13TeV_2015 (*) 13 TeV, 36.1 fb≠1
ggF, VBF, V h, tt̄h

d‡/dp
h
T 9 [122]

h æ ZZ(æ 4l)

ATLAS_Vh_hbb_13TeV (*) 13 TeV, 79.8 fb≠1
W h, Zh

d‡
(fid)

/dp
W
T 2

[123]
d‡

(fid)
/dp

Z
T 3

ATLAS_ggF_ZZ_13TeV (*) 13 TeV, 79.8 fb≠1
ggF, h æ ZZ ‡ggF(ph

T , Njets) 6 [116]

CMS_ggF_aa_13TeV (*) 13 TeV, 77.4 fb≠1
ggF, h æ ““ ‡ggF(ph

T , Njets) 6 [124]

Table 3.6. Same as Table 3.1 for di�erential distributions and STXS for Higgs production and decay.

consider the di�erential distributions in the Higgs boson transverse momentum ph

T
. These dis-

tributions are particularly sensitive probes of new physics, for instance through new particles
circulating in the gluon-fusion loop.

We also include the ATLAS measurement of the associated production of Higgs bosons,
V h, in the h æ bb̄ final state at 13 TeV [123]. These measurements, performed in kinematic
fiducial volumes defined in the simplified template cross-section framework, correspond to an
integrated luminosity of L = 79.8 fb≠1. Specifically, here we include the data corresponding
to the 5-POI (parameters of interest) category, which refers to three cross-sections for Zh
production in the bins 75 < pZ

T
< 150 GeV, 150 < pZ

T
< 250 GeV, and pZ

T
> 250 GeV,

and two cross-sections for Wh production, one for 150 < pW

T
< 250 GeV and the other for

pW

T
> 250 GeV. Gauge bosons are reconstructed by means of their leptonic decays.
Then we also include selected di�erential measurements presented in the ATLAS Run II

Higgs combination paper [116]. Specifically, we include the measurements of Higgs production
in gluon fusion, gg æ h, in di�erent bins of ph

T
and in the number of jets in the event. These

measurements are presented as ‡i ◊ BZZ/B(SM)
ZZ

, since the ZZ branching fraction is used to
normalise the data. We include the 0-jet cross-section, the 1-jet cross-section for ph

T
< 60

GeV, 60 Æ ph

T
Æ 120 GeV, and 120 Æ ph

T
Æ 200 GeV, and the Æ 1 jet and Æ 2 jet cross-sections

for ph

T
Ø 200 GeV and ph

T
< 200 GeV respectively.

Furthermore, we consider the di�erential Higgs boson production measurements presented
by CMS at 13 TeV based on an integrated luminosity of L = 77.4 fb≠1 and corresponding to
the final state ““ [124]. The STXS measurements associated to di�erent final-state topologies
and kinematic values such as ph

T
are presented. These inclusive measurements are dominated

by the gluon-fusion production channel. Note that the CMS diphoton measurement of [124]
supersedes [125], which was based on the 2016 dataset only.

Whenever available, the information on the experimental correlated systematic uncer-
tainties is included. As mentioned above, the SM theoretical predictions are taken from
the HXSWG reports [118–120]. In total, we include ndat = 35 measurements of di�erential
cross-sections and STXS on Higgs production and decay from the LHC Run II.

25

Measurements
• Higgs, diboson, EWPO:

• + TŽƉ͙

Tevong You

Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779Ethier, Magni, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006

SMEFit FitMaker
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Dependence of predictions on operators
How to quantify the sensitivity to operators? 

9

Map operators to observables
• Higgs signal strengths

Log scale:

Tevong You

Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779

Figure 3: Logarithm of normalised linear dependencies for Higgs signal strength measure-
ments.

are normalised to 1 across each row).
The Higgs signal strengths and STXS bounds in Figs. 8 and 9, respectively, demonstrate

a sensitivity to scales above 10 TeV (again, this would be lowered for weakly coupled and
loop-induced new physics, while the CµH operator should be lowered by a tiny muon Yukawa
factor due to this particular operator’s normalisation). However, we see that the operator
coefficients in the first half of the table columns are sensitive to much lower scales than the
sensitivity coming from electroweak precision measurements, with the exception of CHWB.
For the operators most relevant for the Higgs in the second half of the table, the STXS
constraints are also less sensitive than those coming from Higgs signal strengths. The STXS
measurements will be more important for marginalised limits where all operator coefficients
are allowed to vary simultaneously.

5 Conclusion

In this note we presented a map of linear dependencies of Higgs, diboson and electroweak
measurements on a set of 20 flavour-universal operator coefficients. The coloured-coded
tables present this information in a way that allows the largest dependencies for each

– 5 –

Figure 4: Logarithm of normalised linear dependencies for Higgs STXS measurements.

measurement to be more easily parsed. The numerical values can be obtained directly from
fitmaker. This allows the results of individual or marginalised constraints from global fits
to be understood more intuitively.

In the results of a global fit, the question also naturally arises as to which measurement
is responsible for setting the strongest constraints. For individual limits, we answered this
by also decomposing the bounds on the coefficients coming from each measurement in a
set of colour-coded tables. For the marginalised case, we refer the reader to the principal
component analysis of Ref. [? ].

– 6 –



Eleni Vryonidou LHCWG meeting 1/12/21

Where is most information coming from?

10

Top Yukawa

4F mostly top

ttV couplings

Top Chromomagnetic
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HVV: VH, VBF, H->4l
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interactions
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Higgs and top interplay

11
Top-Higgs measurements break the degeneracy between operators

Figure 8. Constraints on the indicated pairs of operator coefficients at the 95% confidence level,
setting the other operator coefficients to zero. The shaded regions correspond to linear fits to Higgs
signal strengths and 0 jet STXS bins (blue), tt̄H signal strengths (mauve), � 1 jet STXS bins
(orange) tt̄ data (green), tt̄V data (red) and their combination (grey). The dashed ellipses show the
constraints obtained by marginalising over the remaining Wilson coefficients of the full fit.

6.3.2 Sensitivities in ‘Higgs-only’ operator planes

In order to assess the potential impact of the interplay between top and Higgs data, we
may consider the following subset of ‘Higgs-only’ operators:

{CH⇤, CHG, CHW , CHB, CtH , CbH , C⌧H , CµH} (6.1)

together with CG and CtG, which do not modify Higgs interactions directly but can impact
gluon fusion. Performing a fit to this subset, Fig. 7 displays the result for the 95% CL
constraints when top data are combined with Higgs data in planes showing different pairs
of the operator coefficients CHG, CtG, CtH and CG, marginalised over the other coefficients
in (6.1). This is the relevant set of operators in which the interplay between Higgs and top
physics is most evident, taking place in the gluon fusion and tt̄ associated Higgs production
processes. It is well known that there is a degeneracy in gluon fusion between CHG and
CtH that prevents it from being used as a robust indirect constraint on the top Yukawa

– 31 –

Figure 8. Constraints on the indicated pairs of operator coefficients at the 95% confidence level,
setting the other operator coefficients to zero. The shaded regions correspond to linear fits to Higgs
signal strengths and 0 jet STXS bins (blue), tt̄H signal strengths (mauve), � 1 jet STXS bins
(orange) tt̄ data (green), tt̄V data (red) and their combination (grey). The dashed ellipses show the
constraints obtained by marginalising over the remaining Wilson coefficients of the full fit.
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together with CG and CtG, which do not modify Higgs interactions directly but can impact
gluon fusion. Performing a fit to this subset, Fig. 7 displays the result for the 95% CL
constraints when top data are combined with Higgs data in planes showing different pairs
of the operator coefficients CHG, CtG, CtH and CG, marginalised over the other coefficients
in (6.1). This is the relevant set of operators in which the interplay between Higgs and top
physics is most evident, taking place in the gluon fusion and tt̄ associated Higgs production
processes. It is well known that there is a degeneracy in gluon fusion between CHG and
CtH that prevents it from being used as a robust indirect constraint on the top Yukawa
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Operator Coe�cient Definition

3rd generation quarks
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"
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"
Ï̃ Bµ‹ + h.c.
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!
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"
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four-lepton

O¸¸ c¸¸

1
¯̧1“µ¸2

21
¯̧2“µ¸1

2

Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)

Ïqi , c(≠)
ÏQi

, and ctZ defined in Table 2.3.
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Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)

Ïqi , c(≠)
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Operator Coe�cient Definition

OÏG cÏG

1
Ï†Ï

2
Gµ‹

A GA
µ‹

OÏB cÏB

1
Ï†Ï

2
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1
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2
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µ‹
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OÏD cÏD (Ï†DµÏ)†(Ï†DµÏ)

OW cW W W ‘IJKW I
µ‹W J,‹flW K,µ

fl

Table 2.1. Purely bosonic dimension-six operators that modify the production and decay of Higgs
bosons and the interactions of the electroweak gauge bosons. For each operator, we indicate its
definition in terms of the SM fields, and the notational conventions that will be used both for the
operator and for the Wilson coe�cient. The operators OÏW B and OÏD are severely constrained by
the EWPOs together with several of the two-fermion operators from Table 2.2.

OÏW and OÏB modify the interaction between Higgs bosons and electroweak gauge bosons.
At the LHC, they can be probed for example by means of the Higgs decays into weak vector
bosons, h æ ZZú and h æ W +W ≠, as well as in the vector-boson-fusion (VBF) process and
in associated production with vector bosons, hW and hZ. In addition, the OÏG operator is
similar but introduces a direct coupling between the Higgs boson and gluons. It therefore
enters the Higgs total width and branching ratios, the production cross section in gluon fusion
channel, as well as the associated production channel tt̄h. Finally, the OÏd operator generates
a wavefunction correction to the Higgs boson, which rescales all the Higgs boson couplings in
a universal manner.

Two-fermion operators. Table 2.2 collects, using the same format as in Table 2.1, the
relevant Warsaw-basis operators that contain two fermion fields, either quarks or leptons,
plus a single four-lepton operator. From top to bottom, we list the two-fermion operators
involving 3rd generation quarks, those involving 1st and 2nd generation quarks, and operators
containing two leptonic fields (of any generation). We also include in this list the four-lepton
operator O¸¸.

The operators that involve a top-quark field, either Q (left-handed doublet) or t (right-
handed singlet), are crucial for the interpretation of LHC top-quark measurements. Inter-
estingly, all of them involve at least one Higgs-boson field, which introduces an interplay
between the top and Higgs sectors of the SMEFT. For example, the chromo-magnetic dipole
operator OtG and the dimension-six Yukawa operator OtÏ are constrained by both top quark
measurements, such as tt̄h associated production, as well as Higgs measurements, such as
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Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)

Ïqi , c(≠)
ÏQi

, and ctZ defined in Table 2.3.
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Figure 5.8. Representative results for two-parameter fits carried out at linear order in the EFT. We
display the 95% CL ellipses obtained for di�erent data subsets and for the complete dataset, labelled
as “All Data (2D)”. For reference, we also show the marginalised bounds obtained in the global fit.
The black square in the center of the plot indicates the SM value.

such two-parameter fits, Fig. 5.8 displays representative results for fits performed at linear
order. We display the 95% CL ellipses obtained when di�erent subsets of data are used as
input, as well as for the complete dataset, labelled as “All Data (2D)”. For reference, we also
show here the marginalised 2D bounds obtained in the global fit.

To begin with, the upper panels of Fig. 5.8 display two-parameter fits for the three possible
pair-wise combinations of the ctÏ, ctG, and cÏG coe�cients, which connect Higgs production in
gluon fusion with top quark pair production, see also the Fisher information table of Fig. 3.1.
Theses comparison illustrate the relative impact of the various dataset in constraining each
coe�cient. For example, from the (ctÏ, ctG) fit we see that the sensitivity of ctG is driven by tt̄
data, while the Higgs measurements have a flat direction resulting in a elongated ellipse. When
top and Higgs data are combined, the resulting 95% CL ellipse is much smaller as compared
to the results obtained separately from the two groups of processes. Note that, as in the case
of the individual fits reported in Fig. 5.7, also for two-parameter fits the obtained bounds are
more stringent as compared to the global marginalised results. Similar considerations apply
to the (cÏG, ctG) fit, while from the (cÏG, ctÏ) one learns that the sensitivity is still dominated
by the Higgs signal strengths rather than by the di�erential cross-section measurements.

Then the bottom panels of Fig. 5.8 display two-parameter fits involving the two-light-
two-heavy coe�cients c1,8

Qq
, c3,8

Qq
, c8

tu, c8
td

, and c8
tq, all of which are constrained mostly from top

quark pair di�erential distributions as indicated by the Fisher information matrix. Here the
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order. We display the 95% CL ellipses obtained when di�erent subsets of data are used as
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show here the marginalised 2D bounds obtained in the global fit.

To begin with, the upper panels of Fig. 5.8 display two-parameter fits for the three possible
pair-wise combinations of the ctÏ, ctG, and cÏG coe�cients, which connect Higgs production in
gluon fusion with top quark pair production, see also the Fisher information table of Fig. 3.1.
Theses comparison illustrate the relative impact of the various dataset in constraining each
coe�cient. For example, from the (ctÏ, ctG) fit we see that the sensitivity of ctG is driven by tt̄
data, while the Higgs measurements have a flat direction resulting in a elongated ellipse. When
top and Higgs data are combined, the resulting 95% CL ellipse is much smaller as compared
to the results obtained separately from the two groups of processes. Note that, as in the case
of the individual fits reported in Fig. 5.7, also for two-parameter fits the obtained bounds are
more stringent as compared to the global marginalised results. Similar considerations apply
to the (cÏG, ctG) fit, while from the (cÏG, ctÏ) one learns that the sensitivity is still dominated
by the Higgs signal strengths rather than by the di�erential cross-section measurements.
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Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)

Ïqi , c(≠)
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, and ctZ defined in Table 2.3.
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Table 2.1. Purely bosonic dimension-six operators that modify the production and decay of Higgs
bosons and the interactions of the electroweak gauge bosons. For each operator, we indicate its
definition in terms of the SM fields, and the notational conventions that will be used both for the
operator and for the Wilson coe�cient. The operators OÏW B and OÏD are severely constrained by
the EWPOs together with several of the two-fermion operators from Table 2.2.

OÏW and OÏB modify the interaction between Higgs bosons and electroweak gauge bosons.
At the LHC, they can be probed for example by means of the Higgs decays into weak vector
bosons, h æ ZZú and h æ W +W ≠, as well as in the vector-boson-fusion (VBF) process and
in associated production with vector bosons, hW and hZ. In addition, the OÏG operator is
similar but introduces a direct coupling between the Higgs boson and gluons. It therefore
enters the Higgs total width and branching ratios, the production cross section in gluon fusion
channel, as well as the associated production channel tt̄h. Finally, the OÏd operator generates
a wavefunction correction to the Higgs boson, which rescales all the Higgs boson couplings in
a universal manner.

Two-fermion operators. Table 2.2 collects, using the same format as in Table 2.1, the
relevant Warsaw-basis operators that contain two fermion fields, either quarks or leptons,
plus a single four-lepton operator. From top to bottom, we list the two-fermion operators
involving 3rd generation quarks, those involving 1st and 2nd generation quarks, and operators
containing two leptonic fields (of any generation). We also include in this list the four-lepton
operator O¸¸.

The operators that involve a top-quark field, either Q (left-handed doublet) or t (right-
handed singlet), are crucial for the interpretation of LHC top-quark measurements. Inter-
estingly, all of them involve at least one Higgs-boson field, which introduces an interplay
between the top and Higgs sectors of the SMEFT. For example, the chromo-magnetic dipole
operator OtG and the dimension-six Yukawa operator OtÏ are constrained by both top quark
measurements, such as tt̄h associated production, as well as Higgs measurements, such as
Higgs production through gluon fusion. Furthermore, the electroweak-dipole operators, OtW
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as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
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SMEFTatNLO UFO model

Operator definition & normalisation

The table below defines the list of SMEFT operators from the Warsaw basis [1] consistent with a

U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ [U(1)l ⇥ U(1)e]
3

flavor symmetry in the fermion sector. Coe�cient names in the model are given in the UFO column.

Grey cells denote operators not consistent with the restricted,

U(2)q ⇥ U(2)u ⇥ U(3)d ⇥ [U(1)l ⇥ U(1)e]
3

flavor symmetry assumed in basic implementation, SMEFTatNLO_U2_2_U3_3_cG_4F_LO_UFO. Their Wilson

coe�cients are set to the corresponding, light-generation fermion flavor component, e.g., cpb!cpd if

present, otherwise they are set to zero.

See [2] for more details on conventions and the flavor symmetry implementation. The model contains a

general cuto↵ parameter, ⇤ (Lambda), which normalises all operators in the Lagrangian as
ci
⇤2Oi.
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U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ [U(1)l ⇥ U(1)e]
3

flavor symmetry in the fermion sector. Coe�cient names in the model are given in the UFO column.

Grey cells denote operators not consistent with the restricted,

U(2)q ⇥ U(2)u ⇥ U(3)d ⇥ [U(1)l ⇥ U(1)e]
3

flavor symmetry assumed in basic implementation, SMEFTatNLO_U2_2_U3_3_cG_4F_LO_UFO. Their Wilson

coe�cients are set to the corresponding, light-generation fermion flavor component, e.g., cpb!cpd if

present, otherwise they are set to zero.

See [2] for more details on conventions and the flavor symmetry implementation. The model contains a

general cuto↵ parameter, ⇤ (Lambda), which normalises all operators in the Lagrangian as
ci
⇤2Oi.

Bosonic SLHA Block: DIM6

Oi UFO Definition Oi UFO Definition
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2 fermion (chiral flip) SLHA Block: DIM62F
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Figure 5.15. Same as Fig. 5.8 for the two-parameter quadratic fits of (cÏt, ctZ) (upper) and (cÏt, cÏW )
(lower panels) comparing the results of the LO EFT fit (left) with its NLO counterpart (right panels)

5.5 The top-philic scenario
To conclude this section, we present results for a global EFT fit carried out in the top-philic
scenario defined in Sect. 2.2. In this scenario, we have the 9 equations of Eq. (2.10) that
relate a subset of the 14 two-heavy-two-light coe�cients listed in Table 2.5 among them,
leaving 5 independent parameters to be constrained in the fit. Given the more constraining
assumptions associated to the top-philic scenario, one expects to find an improvement in the
bounds of the two-light-two-heavy EFT operators due to the fact that the parameter space
is being restricted by theoretical considerations, rather than by data in this case.

The values of the ‰2 for each group of datasets in the top-philic scenario were reported
in Table 5.6, where we see that the fit quality is very similar to the fit with the baseline
settings. Fig. 5.17 then displays the 95% CL intervals for the EFT coe�cients comparing the
global fit results with those of the top-philic scenario. The only operators that are a�ected
in a significant manner turn out to be the two-light-two-heavy operators, with the bounds in
several of them such as c1

td
, c1,1

Qq
, and c1

tq improving by almost an order of magnitude. The fact
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Higgs vs global fit
What happens if we try to fit everything with Higgs?
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Figure 5.9. Same as upper panel of Fig. 5.4 now comparing the global fit results with those obtained
in a top-only (upper) and Higgs-only (lower panel) fits.

coe�cients that are a�ected by this reduction in the dataset are some of the two-light-two-
heavy operators, whose bounds are mildly enlarged consistently with the loss of experimental
information. This comparison highlights the stability of the global fit results, whose outcome
is unchanged when potentially problematic datasets with high ‰2

sm are excluded from the
fit. Concerning the outcome of the fit without the high-energy bins, as expected the only
di�erences are observed again for the two-light-two-heavy coe�cients, with a similar outcome
as in the previous fit. From this analysis, one can conclude that the global fit is not dominated
by the high-energy regions where the EFT validity could be questioned, and hence that results
are stable upon removal of these high-energy bins.

Finally, we show in Fig. 5.12 a comparison of the outcome of quadratic EFT fits with
and without the CMS top-quark pair double-di�erential (mtt̄, ytt̄) distributions. We have
identified this dataset as the one being responsible for driving upwards the fit value of the
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Global fit results
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Higgs data improves certain top operator bounds
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Top vs Global Fit
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Impact of STXS measurements
Where do Higgs differential measurements help?

15

Impact of measurements
• Marginalised 95% CL bounds allowing all 20 operators to vary

• Which observables constrain which directions in marginalised fit?

Tevong You

Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779

STXS crucial for disentangling: 


ggH and Yukawa operators
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Impact of quadratic terms in global fits

16

Posterior distributions Significant impact for most operators

in particular 4-fermion operators
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Higher Orders in 1/Λ4

squared dim-6 contributions
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Impact of NLO corrections
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Posterior distributions Significant impact of NLO for some operators

−5 0 5

cQQ1

−20 0

cQQ8

−2 0 2

cQt1

−5 0 5

cQt8

−1 0 1

ctt1

−1 0

c81qq

−0.5 0.0 0.5

c11qq

−1 0

c83qq

−0.25 0.00 0.25

c13qq

−1 0

c8qt

−0.5 0.0 0.5

c1qt

−1 0

c8ut

−0.5 0.0 0.5

c1ut

−1 0 1

c8qu

−0.5 0.0 0.5

c1qu

−2 0

c8dt

−0.5 0.0 0.5

c1dt

−2 0

c8qd

−0.5 0.0 0.5

c1qd

−5 0 5

ctp

0.0 0.2 0.4

ctG

−0.50 −0.25 0.00

cbp

0.0 0.5

ccp

0.00 0.25 0.50

ctap

−0.25 0.00 0.25

ctW

−2 0 2

ctZ

−0.1 0.0 0.1

cpl1

cpl2

cpl3

−0.1 0.0 0.1

c3pl1

c3pl2

c3pl3

−0.25 0.00 0.25

cpe

cpmu

cpta

−0.1 0.0 0.1

c3pq

−1 0 1

c3pQ3

0.0 0.2

cpqMi

0 5

cpQM

−0.2 0.0 0.2

cpui

−2cpdi

−20 0

cpt

−0.02 0.00

cpG

−0.2 0.0 0.2

cpB

−0.25 0.00 0.25

cpW

−0.25 0.00 0.25

cpWB

−2.5 0.0 2.5

cpd

−0.5 0.0 0.5

cpD

−0.25 0.00 0.25

cWWW

Top + Higgs + VV, Quadratic NLO EFT Top + Higgs + VV, Quadratic LO EFT

3

cQ
Q

1
cQ

Q
8

cQ
t1

cQ
t8

ct
t1

c8
1
q
q

c1
1
q
q

c8
3
q
q

c1
3
q
q

c8
q
t

c1
q
t

c8
u
t

c1
u
t

c8
q
u

c1
q
u

c8
d
t

c1
d
t

c8
q
d

c1
q
d

ct
p

ct
G

cb
p

cc
p

ct
a
p

ct
W ct
Z

cp
l1

c3
p
l1

cp
l2

c3
p
l2

cp
l3

c3
p
l3

cp
e

cp
m

u
cp

ta
c3

p
q

c3
p
Q

3
cp

q
M

i
cp

Q
M

cp
u
i

cp
d
i

cp
t

cp
G

cp
B

cp
W

cp
W

B
cp

d
cp

D
cW

W
W

−100

−10

−1

−0.1

0

0.1

1

10

100

c i
/Λ

2
(T
eV

−
2 )

Top + Higgs + VV, Quadratic NLO EFT

Top + Higgs + VV, Quadratic LO EFT

2

Quadratic fits:
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Future prospects

18

Use more data: Several full Run II analyses not included in fits yet


Other measurements beyond SS and STXS?


Explore more 1-loop dependences


Add more processes: e.g. off-shell Higgs, di-Higgs



