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Introduction

• Effective Field Theories have become the one of the standards in the field to combine the information from 
multiple data sets so that it can be interpreted in terms of possible effects beyond the Standard Model

✓ Theoretically robust framework

✓ General description of many classes of models (but still needs assumptions, hence not fully model-
independent)

• With some minimal assumptions about the UV, the IR effects of new physics can be parameterized via the  
SMEFT Lagrangian:
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EFT analyses with FCC precision

J. de Blasa†

aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤

�d�4

q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

MZ [GeV] 10
�4

(10
�6

)

�Z [GeV] 10
�4

(4 ⇥ 10
�5

)

�
0
had [nb] 5⇥10

�3
(10

�4
)

Re 0.006 (3 ⇥ 10
�4

)

Rµ 0.001 (5 ⇥ 10
�4

)

R⌧ 0.002 (10
�4

)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.
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IR: SM Symmetries & Fields (H in 2~SU(2)L) Decoupling for Λ→∞+
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Approximates the effect of any model under these assumptions
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Fit result Correlations

�g1z 0.10±0.61 1.00
�� 0.19±0.17 0.15 1.00
�Z 0.17±0.72 0.99 0.23 1.00

Table 1: aTGC current.
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hZūu (9)

p (x, ✓) = p (x |✓) p (✓) (10)

†E-mail: jorge.de-blas-mateo@durham.ac.uk

1

April 30, 2022

LaTeX materials for the talks at the DIS 2022
conference, May 2 2022

J. de Blas
a†
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• Even at dimension-6 there are many interactions:

‣ Assuming B and L conservation → 2499 (Most of these are flavor!)

‣ SMEFT theory correlations typically help in constraining these many BSM directions
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Introduction

Global fits to many observables 
needed to constrain all directions

Higgs

Top

EW

…Flavour

SMEFT
⇒

Different fitting tools available 
for this purpose
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The              code

• General High Energy Physics fitting tool to combine indirect and direct searches of new physics (available 
under GPL on GitHub)

• Main Reference:

‣ Original code already containing a base SMEFT class with a setup for EW/Higgs LO studies 

                ➡ Massive upgrades in the work presented here

fit
1

HEP

https://github.com/silvest/HEPfit

JB et al., Eur. Phys. J. C (2020) 80:456, arXiv: 1910.14012 [hep-ph]

your observable

SUSY 2HDM

SM

Effective 
Lagrangian

your model

Models

Obs' ThObservable

Br(B ! Xs�)
…

(base class)

…

…

…

fit
1

HEP

Designed as flexible open-source tool  
(e.g. easy to add external models/observables)

MCMC implementation for Bayesian Statistical Analyses  
(Via modified version of BAT)

Stand-alone mode to compute observable predictions 
(In the SM & BSM)

A. Caldwell et al., Comput. Phys. Commun. 180 (2009) 2197-2209

https://link.springer.com/article/10.1140/epjc/s10052-020-7904-z
https://arxiv.org/abs/1910.14012
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The              code

• The SMEFT class in                : 

• Implementation of full dimension-6 SMEFT basis:

• Warsaw basis:  All 2499 operators 

• Restrictions assuming different flavor assumptions available

‣ U(3)5 flavour symmetry

‣ U(2)5 flavour symmetry: both in the “UP” and “DOWN” bases

• Calculations in both “α” and “MW” scheme for most observables

• RGE evolution included via RGESolver

• Multiple possibilities: Exact integration / Matrix Evolution (much faster)

• Possibility of RGE to multiple scales

‣ Careful: RGE available only at LO (1-loop). Running between similar scales < TH unc.

• NLO SMEFT finite terms available for several of the most precise observables

‣ Careful: Consistent NLO study requires 2-loop RGE. Not available in literature (yet)

fit
1

HEP
fit

1

HEP

S. Di Noi, L. Silvestrini, Eur. Phys.J.C 83 (2023) 3, 200

UV

SMEFT
R

G
E

SMEFT

→2499

U(2)5 →124

U(3)5 →41

2499
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Combining EW/Higgs/Top/Flavor
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2 choices of flavor assumptions
CP + U(3)5: 41 BSM operators
CP + U(2)5: 124 BSM operators

(Plus scenario w/o RGE)

2 choices for Λ = 3, 10 TeV
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New Physics priors

Figure 6: Results for the SMEFT coe�cients
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Electroweak Observables

• Electroweak Precision Observables:

‣ Z-pole (LEP/SLD):

‣ W properties (LEP2/Tevatron/LHC):

‣ Higgs and Top properties (Tevatron/LHC):

‣ Tests of lepton universality from Tevatron & LHC

• LEP2 observables

‣ Di-Boson:

‣                       : leptonic cross sections and 
asymmetries, hadronic cross section

• Drell-Yan at LHC:

‣ Differential distributions

‣ Implemented from  HighPT code
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aCAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

Abstract

LaTeX materials.

1 Beyond the Standard Model

V (�, S) = �µ2
�
|�|2 + �� |�|4 + b1S � µ2

S
S2

+
b4

4
S4

+
a2

2
|�|2 S2

+
b3

3
S3

+
a1

2
|�|2 S

LSM = �1
4
Fµ⌫F µ⌫

+  ̄i⇢⇢D + Dµ�Dµ�� V (�) �
⇣
Yij ̄i

L
� j

R
+ h.c.

⌘

LBSM = �1
4
Fµ⌫F µ⌫

+  ̄i⇢⇢D + Dµ�Dµ�� V (�) �
⇣
Yij ̄i

L
� j

R
+ h.c.

⌘
+

�1
4
W a

µ⌫
W µ⌫ a � 1

4
Bµ⌫Bµ⌫

�1
4
GA

µ⌫
Gµ⌫ A

�1
4
Fµ⌫F µ⌫

+  ̄i⇢⇢D 

�Yij ̄i

L
� j

R
+ h.c.

+Dµ�Dµ�� V (�)

� ! h�i

e+e� ! W+W�

†E-mail: deblasm@ugr.es

1

e+e� ! ff̄

pp ! `+`�, `⌫

�Z, Af , Af

FB
, Rf , . . .

MW , �W , BR(W ! `i⌫)

MH, mt

2

e+e� ! ff̄

pp ! `+`�, `⌫

�Z, Af , Af

FB
, Rf , . . .

MW , �W , BR(W ! `i⌫)

MH, mt

2

e+e� ! ff̄

pp ! `+`�, `⌫

�Z, Af , Af

FB
, Rf , . . .

MW , �W , BR(W ! `i⌫)

MW , �W , BR`i⌫

MH, mt

2

L. Allwicher et al.,  2207.10756, 2207.10714 [hep-ph]
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Higgs Boson Observables

• ATLAS+CMS 8 TeV combination for single strengths:

• ATLAS and CMS 13 TeV results (139 fb-1)

‣ STXS Stage 1.2 binning

• Including full information on all available channels 
(production and decay)

e+e� ! ff̄

pp ! `+`�, `⌫

�Z, Af , Af

FB
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MW , �W , BR(W ! `i⌫)
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µij =
�i⇥BRj

(�i⇥BRj)SM

2

Observables included: Higgs and Top quark
Higgs boson observables

Higgs Signal sterngths (CMS): µij =
si⇥Brj

(si⇥Brj)SM
Simplified Template Cross Sections (ATLAS)

Top-quark measurements
Asymmetries plus inclusive and differential cross sections

pp ! tt̄,tt̄Z ,tt̄W ,tt̄g,tZq,tgq,tW ,. . .

The SMEFT parametrisations are obtained using MG5_aMC@NLO with the
UFOs SMEFTsim3.0 [I. Brivio, 2012.11343] and SMEFT@NLO [Degrande et al.,

2008.11743] cross checked with in-house UFO models from J. de Blas and
SMEFTci2 developed by Angelica Goncalves

V. Miralles New physics constraints via global fits 8 / 16
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Top Observables
Process Observable

p
s

R
L SM Ref.

pp̄ ! tt̄ dAtt̄

FB
/dmtt̄ 1.96 TeV 9.7 fb�1 [69, 70] [71]

pp ! tt̄

�13TeV

tt̄
/�8TeV

tt̄
13 & 8 TeV 20 & 36 fb�1

[72, 73]

[74]

�8TeV

tt̄
/�7TeV

tt̄
8 & 7 TeV 20 & 5 fb�1 [75]

�tt̄ 13 TeV 36/139 fb�1 [74, 76]

d�tt̄/dmtt̄ 13 TeV 36 fb�1 [77]

(d�tt̄/dmtt̄)/�tt̄ 13 TeV 36/137 fb�1 [78, 79]

dAC/dmtt̄ 13 TeV 140 fb�1 [80]

pp ! tt̄Z d�/dpZ
T

13 TeV 77.5/140 fb�1 [81] [82]/[83]

pp ! tt̄� d�/dp�
T

13 TeV 140 fb�1 [84, 85] [86–88]

pp ! tt̄W
�ttW±

13 TeV 140 fb�1 [89, 90] [91, 92]
�ttW+/�ttW�

t ! Wb F0, FL

8 TeV 20 fb�1

[93]
[94]

13 TeV 140 fb�1 [95]

pp ! tW �

7 TeV 4.6 & 1.5 fb�1 [96] [97]

8 TeV 20 fb�1 [96] [97]

13 TeV 3.2/140 fb�1 [96] [98]/[99]

pp ! tb̄ (s-ch) �
8 TeV 20 fb�1

[100, 101]
[97]

13 TeV 140 fb�1 [102, 103]

pp ! tq (t-ch) �

7 TeV 4.6 & 1.5 fb�1

[100, 101]

[97]

8 TeV 20 fb�1 [97]

13 TeV 36/140 fb�1 [104]/[105]

pp ! t�q � 13 TeV 140/36 fb�1 [64] [106]/[107]

pp ! tZq � 13 TeV 140 fb�1 [64] [108, 109]

pp ! tt̄bb̄ � 13 TeV 36 fb�1 [64] [110]

pp ! tt̄tt̄ � 13 TeV 140 fb�1 [111] [112–114]

Table 4. Measurements of top-quark observables included in the SMEFT fit. For each measurement
we give: the process, the observable, the center-of-mass energy, the integrated luminosity, and
the corresponding experiment/collider where the measurement has been performed. The last two
columns list the references for the SM predictions and measurements that are included in the fit.
LHC refers to the combination of ATLAS and CMS measurements. In a similar way, Tevatron refers
to the combination of CDF and D0 results, and LEP/SLD to di↵erent experiments from those two
accelerators. LR: These last two sentences could be dropped since there are no such references in
the table, right?

invariant mass of the tt̄ system. Hence, even for the highest invariant mass bins, the optimal

scale choice remains at a few hundred GeV, comparable to the fixed scale µW used for the

other observables. This suggests that the deviation introduced by using µW instead of

the optimal dynamic scale should lie within the theoretical uncertainty of our predictions,

thereby justifying the choice of keeping µW also for this sector.

– 13 –

• Including information from: 

‣ Tevatron (1.96 TeV)

‣ ATLAS/CMS at 7, 8 and 13 TeV (up to 140 fb-1)

• Asymmetries plus inclusive and differential cross 
sections:

e+e� ! ff̄

pp ! `+`�, `⌫

�Z, Af , Af

FB
, Rf , . . .

MW , �W , BR(W ! `i⌫)

MW , �W , BR`i⌫

MH, mt

µij =
�i⇥BRj

(�i⇥BRj)SM

pp ! tt̄, tt̄Z, tt̄W, tt̄�, tZq, t�q, tW, . . .

2
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Observable Value Ref.

�mBs (ps�1) 17.765 ± 0.006 [120, 126]

�s �0.049 ± 0.019 [120, 126]

As

sl
�0.0006 ± 0.00028 [120, 126]

�mBd (ps�1) 0.5069 ± 0.0019 [120, 126]

SJ/ KS
0.692 ± 0.016 [120, 126, 127]

Ad

sl
�0.0021 ± 0.0017 [120, 126]

�MK (ns�1) 5.293 ± 0.009 [120]

✏K (2.228 ± 0.011) ⇥ 10�3 [120]

�M

12
(�) 1.9 ± 1.6 [123]

BR(B ! ⌧⌫) ⇥ 104 1.09 ± 0.24 [120]

BR(D ! ⌧⌫) ⇥ 104 9.9 ± 1.2 [120]

BR(D ! µ⌫) ⇥ 104 3.981 ± 0.089 [120]

BR(Ds ! ⌧⌫) ⇥ 103 5.31 ± 0.11 [120]

BR(Ds ! µ⌫) ⇥ 102 5.37 ± 0.10 [120]

�(K ! µ⌫)/�(⇡ ! µ⌫) 1.3367 ± 0.0029 [120]

BR(⇡ ! µ⌫) ⇥ 105 3.8408 ± 0.0007 [120]

d�(B ! D`⌫)/dw [��i/�w]10⇥10 [128]

BR(K+
! ⇡+⌫⌫̄) ⇥ 1010 1.175 ± 0.365 [120]

BR(B ! Xs�) ⇥ 104 3.49 ± 0.19 [120]

BR(Bs ! µ+µ�) ⇥ 109 3.41 ± 0.29 [120]

Table 6. Experimental measurements used for all the flavour observables considered in the present
analysis, along with the corresponding references. The set includes both �F = 1 and �F = 2
observables, which play a crucial role in constraining the parameters of the Unitarity Triangle
analysis [129], testing the SM consistency, and probing potential contributions from NP [130].

QSRL[kkij]

⌫edu
= (⌫̄kPRek)(d̄iPLuj) ,

QTRR[kkij]

⌫edu
= (⌫̄k�µ⌫PRek)(d̄i�

µ⌫PRuj) . (3.4)

After the RGE below the EW scale, the relevant matrix elements are computed using the

lattice QCD results for the decay constants, including the QED corrections for light meson

decays [124], as reported in Table 5. The experimental results used in this section are all

summarised in Table 6.

For the process B ! D`⌫, the relevant matching conditions remain those corresponding

to the operators shown in eq. (3.4). The corresponding matrix elements are computed using

the Boyd-Grinstein-Lebed parameterization, employing a z-expansion truncated at second

order in the so-called conformal variable z. In this analysis, we incorporate constraints

from lattice QCD given in [134] as well as unitarity bounds on the expansion coe�cients.

The experimental data used also include a 10⇥10 correlation matrix, as detailed in Table 6

LR: What does this refer to in Table 6?.

We now turn to the second class of �F = 1 decays, namely the flavour-changing

neutral current (FCNC) processes. In our analysis, we include two key decays that are
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• Several ΔF=1, 2 observables included

• Relevant for determination of CKM elements and 
set bounds on FCNC

• Computed in the LEFT (integrate W/Z/H/Top)

‣ RGE to each relevant scale implemented 
directly for the different observables

• SM pars. (CKM and hadronic) also free in the fit

Flavour Observables
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Current knowledge of SMEFT 
RGE (1-loop) limits a 

consistent calculation to an 
RG improved LO analysis: 

Λ →μΕW→ Λb,c,s

LO computed in MW scheme: 
‣Analytically for most EW/
Flavour observables  

‣Via MG5@NLO or HighPT for 
LHC observables
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SMEFT fit results: U(3)5

With few (notable) exceptions, moderate impact of RGE effects in individual bounds:  
LH 4Q: Constrained by Top observables at LO → DY/EW/Flav via Logs 

CW: Weak bound from diBoson/Higgs at LO → RG mixing with CHW, CHB strengthens Higgs bounds 

Comparison of individual fit results: Impact of RGE effects
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Figure 2. Summary of individual lower bounds on the e↵ective NP scale in the U(3)5 flavour
symmetric SMEFT, obtained for ⇤ = 3 TeV.

are flat directions in the fit to EW precision observables in terms of SMEFT coe�cients

at the EW scale, see e.g. ref. [142]. These flat directions are lifted by the inclusion of

other observables, for example in the Higgs sector, but leave their footprint in terms of

correlations among the coe�cients. Furthermore, the flat directions at the EW scale get

distorted by the RGE. While the full correlation matrix is too large to be presented here, we

can mention a few examples of highly correlated coe�cients. We observe a 0.97 correlation

between C�B and C�WB, of 0.90 between C�WB and C�D, of �0.88 between C�B and C�D,

and of �0.83 between C�W and C�WB. Those correlations are induced by EW and Higgs

observables. Moreover, we observe a strong correlation of �0.998 between C [aabb]

ll
and Cee,

of 0.84 between C [aabb]

ll
and C [abba]

ll
, and of �0.87 between C [abba]

ll
and Cee, all induced by

EW observables, in particular, two-to-two fermion processes from LEP2. We also observe

a correlation of 0.88 between C�G and CG, due to Higgs observables, and of �0.83 between

C(1)

qu and C(8)

qu , which is reasonably aligned with the expected RGE contributions from these

two operators to O
[33]

u�
, whose coe�cient modifies the top-quark Yukawa coupling. Finally,

we mention a correlation of �0.80 between C(1)

lq
and Ceu, due to DY observables. In spite

of the dilution of the constraints due to interference between the coe�cients, as can be seen

from Figure 3 and Table 8, we still obtain ⇤/
p

|Ci| & 11 TeV for C�G, ⇤/
p

|Ci| & 5 TeV for

C(3)

lq
, and ⇤/

p
|Ci| & 4 TeV for C(3)

�q
, while several other coe�cients give bounds of the order

of 2-3 TeV. Therefore, for a generic strongly-interacting U(3)5 flavour symmetric theory,

for which Ci ⇠ 1/⇤2, current data constrain NP to be well above the TeV scale, making

the SMEFT approach fully consistent, while weakly-interacting U(3)5 flavour symmetric

theories are still allowed at the TeV scale, where however the SMEFT approach might not

be fully consistent for high-pT observables, and direct searches could be more e↵ective.

Finally, JB: regarding the relaxation of the bounds in going from the individual fits

to the global one due to mutual strong correlationsJB: , we would like to emphasize that

this implies that a lower e↵ective NP scale ⇤/
p

|C| with respect to the one indicated by

individual fits is viable only for those UV completions that incorporate the phenomenolog-

ically required correlations. JB: Conversely, we note that taking into account the theory

prior imposing perturbativity on the Wilson coe�cients actually tightens many bounds.

VM: Table 8 shows that several limits on ⇤/
p

|C| at 10 TeV now exceed those at 3 TeV. In

particular, although correlations with other operators substantially weaken the global-fit

– 20 –

⇒ At the level of individual fits, due to RG effects, for Λ=3 TeV most limits controlled by EW/Higgs  
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Figure 3. Comparison of individual and marginalised constraints from the global fit with U(3)5

flavour symmetry assumption. The scale of NP is been set to ⇤ = 3 TeV. The limits shown
correspond to the 95% HPDI. Results are presented for both individual and global fits, with and
without the RGE e↵ects, following the colour scheme indicated in the legend.

constraints on C�B and C(3)

lq
, restricting the allowed ranges of the correlated C/⇤2 coe�-

cients ensures that the bounds on ⇤/
p

|C�B| and ⇤/
q

|C(3)

lq
| remain comparably strong at

10 TeV.

4.2 Results for the U(2)5 flavour symmetric SMEFT

The results of the individual fits for the U(2)5 flavour symmetric SMEFT in the UP basis

are reported in Table 9 and in Figures 4-7, which have the same structure as Table 7 and

Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. VM: The limits

on ⇤/
p

|C| are also summarised in Figure 8, where we only show the coe�cients that

can be constrained individually within the pertubative regime in the case of ⇤ = 3 TeV.

Furthermore, a comparison between the case of the UP and DOWN bases is summarised

in Table 10 and Figure 9 for the case of those coe�cients that are a↵ected by the choice

of flavour basis. VM: Finally, the global fit results are shown in Table 11 and Figures 10

and 11 where we show the results for the case of ⇤ = 10 TeV.

The main points highlighted in the case of U(3)5 still holds for U(2)5, but there are

several important new considerations that we discuss in the following. The first and most

important one is that flavour observables play a crucial role in constraining many of the

new coe�cients appearing in the U(2)5 case, consequently pushing the e↵ective scale of

NP to several tens of TeVs. This is the case for instance of C [33]

dB
, C [33]

dW
and C [33]

dG
, which are

very strongly constrained by B ! Xs� decays. Four-fermion operators are also strongly

constrained by flavour observables, such as C(1)

qq and C(3)

qq in all flavour combinations, which

are constrained by meson-antimeson mixing, and C [33aa]

qe and C [aabb]

qe which are constrained

by Bs ! µ+µ�.

Furthermore, as shown in Table 10 and Figure 9, the choice of flavour basis has a

pronounced impact on the mentioned b-quark dipole operators. Aligning to the DOWN

– 21 –
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SMEFT fit results: U(3)5

Comparison of individual vs. global fit results

Strong correlations between coefficients significantly relax the bounds but many operators can still be constrained
Similar conclusions about the impact of RG effects observed at the level of the global fit (more prominent in some cases)
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Figure 3. Comparison of individual and marginalised constraints from the global fit with U(3)5

flavour symmetry assumption. The scale of NP is been set to ⇤ = 3 TeV. The limits shown
correspond to the 95% HPDI. Results are presented for both individual and global fits, with and
without the RGE e↵ects, following the colour scheme indicated in the legend.

constraints on C�B and C(3)

lq
, restricting the allowed ranges of the correlated C/⇤2 coe�-

cients ensures that the bounds on ⇤/
p

|C�B| and ⇤/
q

|C(3)

lq
| remain comparably strong at

10 TeV.

4.2 Results for the U(2)5 flavour symmetric SMEFT

The results of the individual fits for the U(2)5 flavour symmetric SMEFT in the UP basis

are reported in Table 9 and in Figures 4-7, which have the same structure as Table 7 and

Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. VM: The limits

on ⇤/
p

|C| are also summarised in Figure 8, where we only show the coe�cients that

can be constrained individually within the pertubative regime in the case of ⇤ = 3 TeV.

Furthermore, a comparison between the case of the UP and DOWN bases is summarised

in Table 10 and Figure 9 for the case of those coe�cients that are a↵ected by the choice

of flavour basis. VM: Finally, the global fit results are shown in Table 11 and Figures 10

and 11 where we show the results for the case of ⇤ = 10 TeV.

The main points highlighted in the case of U(3)5 still holds for U(2)5, but there are

several important new considerations that we discuss in the following. The first and most

important one is that flavour observables play a crucial role in constraining many of the

new coe�cients appearing in the U(2)5 case, consequently pushing the e↵ective scale of

NP to several tens of TeVs. This is the case for instance of C [33]

dB
, C [33]

dW
and C [33]

dG
, which are

very strongly constrained by B ! Xs� decays. Four-fermion operators are also strongly

constrained by flavour observables, such as C(1)

qq and C(3)

qq in all flavour combinations, which

are constrained by meson-antimeson mixing, and C [33aa]

qe and C [aabb]

qe which are constrained

by Bs ! µ+µ�.

Furthermore, as shown in Table 10 and Figure 9, the choice of flavour basis has a

pronounced impact on the mentioned b-quark dipole operators. Aligning to the DOWN
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SMEFT fit results: U(3)5

Strong correlations between coefficients significantly relax the bounds but many operators can still be constrained
Similar conclusions about the impact of RG effects observed at the level of the global fit (more prominent in some cases)

Noteworthy limits that remain in the global fit

‣ Λ/√CφG > 11.9 TeV ‣ Λ/√Cφq(3) > 3 TeV ‣ Λ/√Clq(3) > 5.1 TeV 
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SMEFT fit results: U(3)5

Global fit: comparison of different choices of Λ
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Despite the high-scale (10 TeV) still sensible bounds can be set in several WC (within the perturbative regime)
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Figure 8. Summary of individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP basis.
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Figure 9. Comparison of the individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP and DOWN basis. Only the operators
constrained mostly from flavour observables are shown. The numerical values are also shown in
Tab. 10.

Similar conclusions can be derived by looking at lepton-quark left-handed operators,

where the separation of the third and first two families in the U(2)5 also helps to identify the

similar e↵ect is induced by the left-handed counterpart C(1)[33]
�q , making electroweak bounds comparable to

the flavour ones in this case (see Table 9).
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SMEFT fit results: U(2)5

Several interesting effects after 
separating 3rd and light families 

• Strong bounds on b-dipoles (Flavour)

‣ CdG, dW, dB (Up to ~80 TeV!)
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Figure 8. Summary of individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP basis.
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Figure 9. Comparison of the individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP and DOWN basis. Only the operators
constrained mostly from flavour observables are shown. The numerical values are also shown in
Tab. 10.

Similar conclusions can be derived by looking at lepton-quark left-handed operators,

where the separation of the third and first two families in the U(2)5 also helps to identify the

similar e↵ect is induced by the left-handed counterpart C(1)[33]
�q , making electroweak bounds comparable to

the flavour ones in this case (see Table 9).
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SMEFT fit results: U(2)5

• Strong bounds on b-dipoles (Flavour)

‣ CdG, dW, dB (Up to ~80 TeV!)

• RG-effects become more important 
in constraining Top-operators

‣ Cφu 

‣ Constrained by Top data at LO 

‣ Much stronger bounds from 
EWPO via RG mixing with T 
parameters

e+

e�

(a) Four-fermion operator (b) Z-vertex correction (c) e+e� ! f̄f

Figure 9: Four-fermion contact interaction that may contribute at LO to e+e� ! f̄f (a),

its contribution to Z vertex corrections at NLO in (b), and its contribution to e+e� ! f̄f

at NLO (c). Red squares indicate SMEFT contributions to the vertex.

the other hand, o↵-pole sensitivity in the e+e� ! f̄f processes at the WW , ZH, and

tt̄ energies was studied recently in Ref. [21] via a dedicated flavor tagging analysis. Here

we review and summarise the main conclusions. The projected sensitivities are shown in

Fig. 1 for the four-quark (4Q), four-lepton (4L), and two-quark-two-lepton (2Q2L) oper-

ators, with darker shading indicating a stronger sensitivity to the e↵ective scale of new

physics ⇤i
e↵

= (Ci)�1/2, while Fig. 9 summarizes the relevant diagrams.

Semi-leptonic (2Q2L) operators

For the semi-leptonic (2Q2L) operators, we see better sensitivity from on-pole data for

operators involving top quarks and no electrons, namely: [C(1)

lq ]3333, [C(3)

lq ]3333, [Clu]3333,

[Ceu]3333, and [Cqe]3333. These operators run strongly into EW vertex corrections / Ncy2t
by closing the top loop and attaching two Higgses. On the other hand, o↵-pole data

unsurprisingly performs better for operators involving electrons as they enter at LO and

receive an energy enhancement. Still, a competitive bound can be achieved at the Z-pole if

the operator has top quarks such as: [C(1)

lq ]1133, [C
(3)

lq ]1133, [Clu]1133, [Ceu]1133, and [Cqe]3311.

Finally, other semi-leptonic operators without tops or electrons contribute to both on- and

o↵-pole observables only at the loop level (see Fig. 9), typically with comparable or slightly

better sensitivity on the pole.

Four quark (4Q) operators

Four quark operators enter via the loop diagrams in Fig. 9 for both on-pole and o↵-pole

measurements, with on-pole data providing better sensitivity for operators involving top

quarks such as [C(1)

qq ]3333, [C
(1)

qu ]3333, and [Cuu]3333.3 In the absence of tops, the dominant

contribution comes from EW gauge running both on and o↵ the pole. In this case, the

constraints are typically comparable which can be understood by considering the energy en-

hancement o↵-pole vs. statistics on-pole, again demonstrating the principle that accuracy

complements energy.

3
In the case of [Cuu]3333, the contribution to Z-pole observables occurs starting at the 2-loop level, but

it is nonetheless phenomenologically relevant [4–6].
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Figure 9: Four-fermion contact interaction that may contribute at LO to e+e� ! f̄f (a),

its contribution to Z vertex corrections at NLO in (b), and its contribution to e+e� ! f̄f

at NLO (c). Red squares indicate SMEFT contributions to the vertex.

the other hand, o↵-pole sensitivity in the e+e� ! f̄f processes at the WW , ZH, and

tt̄ energies was studied recently in Ref. [21] via a dedicated flavor tagging analysis. Here

we review and summarise the main conclusions. The projected sensitivities are shown in

Fig. 1 for the four-quark (4Q), four-lepton (4L), and two-quark-two-lepton (2Q2L) oper-

ators, with darker shading indicating a stronger sensitivity to the e↵ective scale of new

physics ⇤i
e↵

= (Ci)�1/2, while Fig. 9 summarizes the relevant diagrams.

Semi-leptonic (2Q2L) operators

For the semi-leptonic (2Q2L) operators, we see better sensitivity from on-pole data for

operators involving top quarks and no electrons, namely: [C(1)

lq ]3333, [C(3)

lq ]3333, [Clu]3333,

[Ceu]3333, and [Cqe]3333. These operators run strongly into EW vertex corrections / Ncy2t
by closing the top loop and attaching two Higgses. On the other hand, o↵-pole data

unsurprisingly performs better for operators involving electrons as they enter at LO and

receive an energy enhancement. Still, a competitive bound can be achieved at the Z-pole if

the operator has top quarks such as: [C(1)

lq ]1133, [C
(3)

lq ]1133, [Clu]1133, [Ceu]1133, and [Cqe]3311.

Finally, other semi-leptonic operators without tops or electrons contribute to both on- and

o↵-pole observables only at the loop level (see Fig. 9), typically with comparable or slightly

better sensitivity on the pole.

Four quark (4Q) operators

Four quark operators enter via the loop diagrams in Fig. 9 for both on-pole and o↵-pole

measurements, with on-pole data providing better sensitivity for operators involving top

quarks such as [C(1)

qq ]3333, [C
(1)

qu ]3333, and [Cuu]3333.3 In the absence of tops, the dominant

contribution comes from EW gauge running both on and o↵ the pole. In this case, the

constraints are typically comparable which can be understood by considering the energy en-

hancement o↵-pole vs. statistics on-pole, again demonstrating the principle that accuracy

complements energy.

3
In the case of [Cuu]3333, the contribution to Z-pole observables occurs starting at the 2-loop level, but

it is nonetheless phenomenologically relevant [4–6].
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Figure 8. Summary of individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP basis.
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Figure 9. Comparison of the individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP and DOWN basis. Only the operators
constrained mostly from flavour observables are shown. The numerical values are also shown in
Tab. 10.

Similar conclusions can be derived by looking at lepton-quark left-handed operators,

where the separation of the third and first two families in the U(2)5 also helps to identify the

similar e↵ect is induced by the left-handed counterpart C(1)[33]
�q , making electroweak bounds comparable to

the flavour ones in this case (see Table 9).
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SMEFT fit results: U(2)5

• Strong bounds on b-dipoles (Flavour)

‣ CdG, dW, dB (Up to ~80 TeV!)

• RG-effects become more important 
in constraining Top-operators

‣ Cφu 

‣ Constrained by Top data at LO 

‣ Much stronger bounds from 
EWPO via RG mixing with T 
parameter

‣ Similar effects for other operators 
mixing with interactions entering in 
EWPO (or Flavour)

Several interesting effects after 
separating 3rd and light families 

e+

e�

(a) Four-fermion operator (b) Z-vertex correction (c) e+e� ! f̄f

Figure 9: Four-fermion contact interaction that may contribute at LO to e+e� ! f̄f (a),

its contribution to Z vertex corrections at NLO in (b), and its contribution to e+e� ! f̄f

at NLO (c). Red squares indicate SMEFT contributions to the vertex.

the other hand, o↵-pole sensitivity in the e+e� ! f̄f processes at the WW , ZH, and

tt̄ energies was studied recently in Ref. [21] via a dedicated flavor tagging analysis. Here

we review and summarise the main conclusions. The projected sensitivities are shown in

Fig. 1 for the four-quark (4Q), four-lepton (4L), and two-quark-two-lepton (2Q2L) oper-

ators, with darker shading indicating a stronger sensitivity to the e↵ective scale of new

physics ⇤i
e↵

= (Ci)�1/2, while Fig. 9 summarizes the relevant diagrams.

Semi-leptonic (2Q2L) operators

For the semi-leptonic (2Q2L) operators, we see better sensitivity from on-pole data for

operators involving top quarks and no electrons, namely: [C(1)

lq ]3333, [C(3)

lq ]3333, [Clu]3333,

[Ceu]3333, and [Cqe]3333. These operators run strongly into EW vertex corrections / Ncy2t
by closing the top loop and attaching two Higgses. On the other hand, o↵-pole data

unsurprisingly performs better for operators involving electrons as they enter at LO and

receive an energy enhancement. Still, a competitive bound can be achieved at the Z-pole if

the operator has top quarks such as: [C(1)

lq ]1133, [C
(3)

lq ]1133, [Clu]1133, [Ceu]1133, and [Cqe]3311.

Finally, other semi-leptonic operators without tops or electrons contribute to both on- and

o↵-pole observables only at the loop level (see Fig. 9), typically with comparable or slightly

better sensitivity on the pole.

Four quark (4Q) operators

Four quark operators enter via the loop diagrams in Fig. 9 for both on-pole and o↵-pole

measurements, with on-pole data providing better sensitivity for operators involving top

quarks such as [C(1)

qq ]3333, [C
(1)

qu ]3333, and [Cuu]3333.3 In the absence of tops, the dominant

contribution comes from EW gauge running both on and o↵ the pole. In this case, the

constraints are typically comparable which can be understood by considering the energy en-

hancement o↵-pole vs. statistics on-pole, again demonstrating the principle that accuracy

complements energy.

3
In the case of [Cuu]3333, the contribution to Z-pole observables occurs starting at the 2-loop level, but

it is nonetheless phenomenologically relevant [4–6].
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Figure 8. Summary of individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP basis.
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Figure 9. Comparison of the individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP and DOWN basis. Only the operators
constrained mostly from flavour observables are shown. The numerical values are also shown in
Tab. 10.

Similar conclusions can be derived by looking at lepton-quark left-handed operators,

where the separation of the third and first two families in the U(2)5 also helps to identify the

similar e↵ect is induced by the left-handed counterpart C(1)[33]
�q , making electroweak bounds comparable to

the flavour ones in this case (see Table 9).
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SMEFT fit results: U(2)5

• Strong bounds on b-dipoles (Flavour)

‣ CdG, dW, dB (Up to ~80 TeV!)

• RG-effects become more important 
in constraining Top-operators

‣ Cφu 

‣ Constrained by Top data at LO 

‣ Much stronger bounds from 
EWPO via RG mixing with T 
parameter

‣ Similar effects for other operators 
mixing with interactions entering in 
EWPO (or Flavour) 

‣ Clequ(1)3333: From mixing with Ceφ33  

(modifies τ Yukawa)

Several interesting effects after 
separating 3rd and light families 
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Figure 11. Same as Figure 10 but for the rest of four fermion operators.
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Figure 10. Comparison of individual and marginalised constraints from the global fit with U(2)5

flavour symmetry assumption. The scale of NP is been set to ⇤ = 10 TeV. The limits shown
correspond to the 95% HPDI. The limits are shown for the bosonic, two fermion, and (L̄L)(L̄L)
four quark operators. Only the operators that can be constrained at least in the individual fit are
shown.
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Figure 11. Same as Figure 10 but for the rest of four fermion operators.

leading source of the bound in the U(3)5-symmetric case. (For both the C(1),(3)

lq
operators,

this comes from the entries involving only the first two quark families, where Drell-Yan at

high energies still seems to be the leading constraint.) Unfortunately, the lack of sensible

– 26 –

• Results shown (for illustration) only for those 
operators where a given WC can be constrained at 
least individually

• The larger number of degrees of freedom in the 
U(2)5 case weakens even more the global 
bounds compared to the individual limits
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SMEFT fit results: U(2)5
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Figure 10. Comparison of individual and marginalised constraints from the global fit with U(2)5

flavour symmetry assumption. The scale of NP is been set to ⇤ = 10 TeV. The limits shown
correspond to the 95% HPDI. The limits are shown for the bosonic, two fermion, and (L̄L)(L̄L)
four quark operators. Only the operators that can be constrained at least in the individual fit are
shown.
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Figure 11. Same as Figure 10 but for the rest of four fermion operators.
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Figure 10. Comparison of individual and marginalised constraints from the global fit with U(2)5

flavour symmetry assumption. The scale of NP is been set to ⇤ = 10 TeV. The limits shown
correspond to the 95% HPDI. The limits are shown for the bosonic, two fermion, and (L̄L)(L̄L)
four quark operators. Only the operators that can be constrained at least in the individual fit are
shown.
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Figure 11. Same as Figure 10 but for the rest of four fermion operators.

leading source of the bound in the U(3)5-symmetric case. (For both the C(1),(3)

lq
operators,

this comes from the entries involving only the first two quark families, where Drell-Yan at

high energies still seems to be the leading constraint.) Unfortunately, the lack of sensible
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• With current precision, constraining the U(2)5 SMEFT 

becomes challenging for Λ~10 ΤeV

• Meaningful constraints of several interactions can still 
be placed when restricting to the perturbative regime

• Results shown (for illustration) only for those 
operators where a given WC can be constrained at 
least individually

• The larger number of degrees of freedom in the 
U(2)5 case weakens even more the global 
bounds compared to the individual limits
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Summary and Conclusions

• In this study, we have presented a consistent combination of EW/Higgs/Top/Flavour constraints in the 
dimension-6 SMEFT:

✓ Including variations of the SMEFT Wilson coefficients and all the SM parameters (inputs + TH uncert.)

✓ Including RGE evolution both in the SMEFT and LEFT starting from a full basis of SMEFT effects in the UV:

‣ U(3)5 flavour symmetry (41 operators)

‣ U(2)5 flavour symmetry (124 operators)

✓ Including prior information to ensure the EFT is studied within its perturbative regime

• Some highlights from the finding of this study:

✓ RG effects found to have crucial role in constraining several operators (and to connect with the UV)

✓ Strong individual bounds get diluted due to strong correlations in global fit, hitting in many cases the 
perturbativity regime for high values of Λ.  

✓ Sizable bounds (well above the TeV) can still be placed for certain operators                                                                             

✓ Crucial role of flavour assumptions → Discussed in more detail tomorrow in Flavour parallel session 

⇒ Low scale NP must satisfy very specific correlations!

Around 200 parameters in the fit !


