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Introduction

‣ I am not a Flavour expert (not even close to…)

‣ This talk could be seen as the second part of the talk yesterday in the Joint “Top and Electroweak physics” + 
“Higgs physics session” → Electroweak, Higgs and Top physics in SMEFT fits

‣ There will be some overlap to set the stage and introduce the tools but different focus on the discussion

• With few exceptions*, flavour is one of the sectors that receives less attention in global SMEFT combinations of 
different types of data sets

‣ Not because it is not relevant but because it difficult to treat!

‣ As long as one departs from trivial flavour assumptions and/or goes beyond leading-order studies, flavour 
measurements enter the game

• The purpose of this talk is to illustrate this, with a global study combining EW+Higgs+Top+Flavour in the 
SMEFT, floating simultaneously all the SMEFT parameters and the SM parameters (+ including RGE 
effects, matching SMEFT/LEFT,…)

Disclaimer(s)

*See e.g. R. Aoude et al., JHEP 12 (2020) 113, R. Bartocci et al. JHEP 05 (2024) 074, S. Bruggisser et al. JHEP 02 (2023) 225,  
                 L. Allwicher et al. JHEP 03 (2024) 049, C. Grunwald et al., JHEP 11 (2023) 110



Introduction

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

• What is not Flavour in the SMEFT? To dimension 6 (2499 operators assuming B and L conservation)

Low Energy observables:

Parity Violation: QW (
133
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P

i
|Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`
+
`
�

FB
, d�

e+e�!e+e�

d cos ✓

Higgs signal strengths:
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3 E↵ective Lagrangian description of New Physics:
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4 New Particles
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February 16, 2018

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.

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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June 20, 2025

LaTeX materials for 2025 talks on SMEFT fits at future
colliders

J. de Blasa†

aCAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

Abstract
LaTeX materials.

1 Standard Model E↵ective Field Thoery

U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(1)Le
⇥ U(1)Lµ

⇥ U(1)L⌧

 � LUV(?)

E ⌧ ⇤

U(2)5 = U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(2)lL ⇥ U(2)eR

SU(3)⇥ SU(2)⇥ U(1)

�, V a

µ
, i

L
, f i

R

�, V a

µ
,

 i

L
, f i

R

L = LSM + LNP + LNP�SM

L = LEFT(� LSM)

L
(d=6)
SMEFT = LSM +

P
i

Ci

⇤2Oi

Kappa-n = {Z,W ,g,�,Z�,t,b,c,s,⌧ ,µ,BRinv,BRunt}

†E-mail: deblasm@ugr.es
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Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq

(ēR�µeR) (ēR�
µ
eR) Oee

(ūR�µuR) (ūR�
µ
uR) Ouu

�
d̄R�µdR

� �
d̄R�

µ
dR

�
Odd

(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
ud (ūR�µTAuR)

�
d̄R�

µ
TAdR

�
O

(8)
ud

(ēR�µeR) (ūR�
µ
uR) Oeu (ēR�µeR)

�
d̄R�

µ
dR

�
Oed

�
l̄L�µlL

�
(ēR�

µ
eR) Ole (q̄L�µqL) (ēR�

µ
eR) Oqe

�
l̄L�µlL

�
(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
µ
uR) O

(1)
qu (q̄L�µTAqL) (ūR�

µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.
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µ
eR) Oqe

�
l̄L�µlL

�
(ūR�
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µ
eR) Oee
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.

3

Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq
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µ
eR) Oee
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(ēR�µeR) (ūR�
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(ēR�

µ
eR) Ole (q̄L�µqL) (ēR�
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µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.

3

Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq
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(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
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(ēR�µeR) (ūR�
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µ
eR) Oee
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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Introduction

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

• What is not Flavour in the SMEFT? To dimension 6 (2499 operators assuming B and L conservation)
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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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Abstract
LaTeX materials.

1 Standard Model E↵ective Field Thoery

U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(1)Le
⇥ U(1)Lµ

⇥ U(1)L⌧

 � LUV(?)

E ⌧ ⇤

U(2)5 = U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(2)lL ⇥ U(2)eR

SU(3)⇥ SU(2)⇥ U(1)

�, V a

µ
, i

L
, f i

R

�, V a

µ
,

 i

L
, f i

R

L = LSM + LNP + LNP�SM

L = LEFT(� LSM)

L
(d=6)
SMEFT = LSM +

P
i

Ci

⇤2Oi

Kappa-n = {Z,W ,g,�,Z�,t,b,c,s,⌧ ,µ,BRinv,BRunt}
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(ūR�µuR) (ūR�
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�
d̄R�

µ
dR

�
Oed

�
l̄L�µlL

�
(ēR�
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Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.
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µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.

3

Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq
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µ
uR) Ouu

�
d̄R�µdR

� �
d̄R�

µ
dR

�
Odd
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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(ēR�

µ
eR) Ole (q̄L�µqL) (ēR�
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(ēR�µeR) (ūR�
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(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
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µ
uR) O

(1)
qu (q̄L�µTAqL) (ūR�
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
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(ūR�µuR) (ūR�
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µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.

3

Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq
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(ūR�µuR) (ūR�
µ
uR) Ouu

�
d̄R�µdR

� �
d̄R�

µ
dR

�
Odd
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�

µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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Bosonic

2F-Scalar

2F-Dipoles2F-Vector

4 Fermion 99% of the SMEFT                                 
contains flavour indices! 

Many possible sources of flavour changing 
transitions 

⇒ Consistent analysis of other constraints 
(EW/Higgs/Top) requires assumptions to  
protect from the strong flavour bounds
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Introduction

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

• What is not Flavour in the SMEFT? To dimension 6 (2499 operators assuming B and L conservation)
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4 New Particles
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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.

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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Abstract
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1 Standard Model E↵ective Field Thoery

U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(1)Le
⇥ U(1)Lµ

⇥ U(1)L⌧

 � LUV(?)

E ⌧ ⇤

U(2)5 = U(2)qL ⇥ U(2)uR
⇥ U(2)dR

⇥ U(2)lL ⇥ U(2)eR

SU(3)⇥ SU(2)⇥ U(1)

�, V a

µ
, i

L
, f i

R

�, V a

µ
,

 i

L
, f i

R

L = LSM + LNP + LNP�SM

L = LEFT(� LSM)

L
(d=6)
SMEFT = LSM +

P
i

Ci

⇤2Oi

Kappa-n = {Z,W ,g,�,Z�,t,b,c,s,⌧ ,µ,BRinv,BRunt}
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µ
eR) Oee
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(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
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Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.
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(ēR�µeR) (ēR�
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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µ
uR) Oeu (ēR�µeR)
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µ
eR) Oqe

�
l̄L�µlL

�
(ūR�
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(ēR�

µ
eR) Ole (q̄L�µqL) (ēR�
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µ
eR) Oqe

�
l̄L�µlL

�
(ūR�
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µ
eR) Oqe

�
l̄L�µlL

�
(ūR�
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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(ūR�µuR)
�
d̄R�

µ
dR

�
O

(1)
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µ
eR) Oqe

�
l̄L�µlL

�
(ūR�
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µ
TAuR) O

(8)
qu

(q̄L�µqL)
�
d̄R�

µ
dR

�
O

(1)
qd (q̄L�µTAqL)

�
d̄R�

µ
TAdR

�
O

(8)
qd

�
l̄LeR

� �
d̄RqL

�
Oledq

(q̄LuR) i�2 (q̄LdR)
T

O
(1)
quqd (q̄LTAuR) i�2 (q̄LTAdR)

T
O

(8)
quqd

�
l̄LeR

�
i�2 (q̄LuR)

T
O

(1)
lequ

�
l̄L�µ⌫eR

�
i�2 (q̄L�

µ⌫
uR)

T
O

(3)
lequ

Table 1: Basis of dimension-six operators: four-fermion interactions. Flavor indices are omitted.

3

Operator Notation Operator Notation

�
l̄L�µlL

� �
l̄L�

µ
lL

�
Oll

(q̄L�µqL) (q̄L�
µ
qL) O

(1)
qq (q̄L�µ�aqL) (q̄L�

µ
�aqL) O

(3)
qq

�
l̄L�µlL

�
(q̄L�

µ
qL) O

(1)
lq

�
l̄L�µ�alL

�
(q̄L�

µ
�aqL) O

(3)
lq
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ud (ūR�µTAuR)

�
d̄R�

µ
TAdR

�
O

(8)
ud
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µ
uR) Oeu (ēR�µeR)
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ud (ūR�µTAuR)

�
d̄R�

µ
TAdR

�
O

(8)
ud
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(ūR�

µ
uR) Olu

�
l̄L�µlL

� �
d̄R�

µ
dR

�
Old

(q̄L�µqL) (ūR�
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µ
eR) Oee
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
uR) O�u (�

†
i

$
Dµ�)

�
d̄R�

µ
dR

�
O�d

(�̃
†
iDµ�) (ūR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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µ
eR) O�e

(�
†
i

$
Dµ�) (q̄L�

µ
qL) O

(1)
�q (�

†
i

$
D

a
µ�) (q̄L�

µ
�aqL) O

(3)
�q

(�
†
i

$
Dµ�) (ūR�
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µ
dR) O�ud

Table 2: Basis of dimension-six operators: operators other than four-fermion interactions.
Flavor indices are omitted.

4

Operator Notation Operator Notation

"abcW
a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW "abcW̃

a ⌫
µ W

b ⇢
⌫ W

c µ
⇢ OW̃

fABCG
A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG fABCG̃

A ⌫
µ G

B ⇢
⌫ G

C µ
⇢ OG̃

�
�

†
�
�3

O�

�
�

†
�
�
⇤
�
�

†
�
�

O�⇤
�
�

†
Dµ�

�
((D

µ
�)

†
�) O�D

�
�

†
�
� �

l̄L�eR

�
Oe��

�
†
�
�
(q̄L�dR) Od�

�
�

†
�
� ⇣

q̄L�̃uR

⌘
Ou�

�
†
�Bµ⌫B

µ⌫
O�B �

†
�B̃µ⌫B

µ⌫
O�B̃

�
†
�W

a
µ⌫W

aµ⌫
O�W �

†
�W̃

a
µ⌫W

aµ⌫
O�W̃

�
†
�a�W

a
µ⌫B

µ⌫
O�WB �

†
�a�W̃

a
µ⌫B

µ⌫
O�W̃B

�
†
�G

A
µ⌫G

Aµ⌫
O�G �

†
�G̃

A
µ⌫G

Aµ⌫
O�G̃

�
l̄L�

µ⌫
eR

�
�Bµ⌫ OeB

�
l̄L�

µ⌫
eR

�
�

a
�W

a
µ⌫ OeW

(q̄L�
µ⌫
uR) �̃Bµ⌫ OuB (q̄L�

µ⌫
uR)�

a
�̃W

a
µ⌫ OuW

(q̄L�
µ⌫
dR)�Bµ⌫ OdB (q̄L�

µ⌫
dR)�

a
�W

a
µ⌫ OdW

(q̄L�
µ⌫
TAuR) �̃G

A
µ⌫ OuG (q̄L�

µ⌫
TAdR)�G

A
µ⌫ OdG

(�
†
i

$
Dµ�)

�
l̄L�

µ
lL

�
O

(1)
�l (�

†
i

$
D

a
µ�)

�
l̄L�

µ
�alL

�
O

(3)
�l

(�
†
i

$
Dµ�) (ēR�
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CP

CP

Bosonic

2F-Scalar

2F-Dipoles2F-Vector

4 Fermion 99% of the SMEFT                                 
contains flavour indices! 

Many possible sources of flavour changing 
transitions 

⇒ Consistent analysis of other constraints 
(EW/Higgs/Top) requires assumptions to  
protect from the strong flavour bounds

‣ Assume New Physics is flavour blind and respects a U(3)5 flavour symmetry

Common choices motivated by “realistic” BSM scenarios

⇒ No new sources of flavour mixing but separate 3rd and light generations

Even under these assumptions, Flavour can play an important role in SMEFT analysis and 
must be carefully implemented in fitting tools 
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‣ Assume New Physics respects the approximate U(2) quark flavour symmetries of the SM 
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The Fitting
Framework
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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
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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 flavour 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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SMEFT
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U(2)5 →124

U(3)5 →41

2499

RGE and Flavour assumptions
• Scale-dependent assumption:  

‣ Assumed valid at Λ → Broken at any other scale (at least by SM interactions)

• U(2)5 : Third generation treated separately 

‣ Need to specify direction of 3rd family in flavour space! → Follow SM Yukawas

µΕW

Yqij (µΕW)

Yu

Yd
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SM
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G

E
Yqij (Λ)

Yqij (µΕW)

Yqij (µΕW) + δYqij

Yqij (Λ)

Ci (Λ)

Fit to Data
Ci (µΕW)

U(2)5 in the chosen basis

Compute  
mass & mixings 

in the SMEFT 
+ Rotate to Phys. basis
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The Global Fit Setup
Combining EW/Higgs/Top/Flavour
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The Global SMEFT fit

Assumptions 
Dim 6, 8, … 

Flavour Struct. 
LO, NLO 

…

UV theory/BSM ?
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Phenomenology Constraints

Higgs

Top

EW

…Flavour
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New Physics priors

Figure 6: Results for the SMEFT coe�cients

6− 4− 2− 0 2
3

dφC
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Entries  1200000
Mean  2.05−  
Std Dev     1.022

Entries  1200000
Mean  2.05−  
Std Dev     1.022

7− 6− 5− 4− 3− 2− 1− 0 1 2
3

dφC
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Entries  1200000
Mean  2.019− 
Std Dev     1.023

Entries  1200000
Mean  2.019− 
Std Dev     1.023

6− 5− 4− 3− 2− 1− 0 1 2 3
3

dφC
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Entries  1200000
Mean  2.043− 
Std Dev     1.019

Entries  1200000
Mean  2.043− 
Std Dev     1.019

6− 5− 4− 3− 2− 1− 0 1 2
3

dφC
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45
Entries  1200000
Mean  1.938− 
Std Dev     1.016

Entries  1200000
Mean  1.938− 
Std Dev     1.016

4− 3− 2− 1− 0 1 2 3
a

dφC
0

0.1

0.2

0.3

0.4

0.5

Entries  1200000
Mean  0.8365− 
Std Dev    0.7601

Entries  1200000
Mean  0.8365− 
Std Dev    0.7601

4− 3− 2− 1− 0 1 2
a

dφC
0

0.1

0.2

0.3

0.4

0.5

0.6

Entries  1200000
Mean  0.8249− 
Std Dev    0.7341

Entries  1200000
Mean  0.8249− 
Std Dev    0.7341

4− 3− 2− 1− 0 1 2 3
a

dφC
0

0.1

0.2

0.3

0.4

0.5

Entries  1200000
Mean  0.8118− 
Std Dev    0.7519

Entries  1200000
Mean  0.8118− 
Std Dev    0.7519

4− 3− 2− 1− 0 1 2
a

dφC
0

0.1

0.2

0.3

0.4

0.5

0.6

Entries  1200000
Mean  0.8553− 
Std Dev    0.7385

Entries  1200000
Mean  0.8553− 
Std Dev    0.7385

15− 10− 5− 0 5 10 15
3

udφ
C

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Entries  1200000
Mean    3.918
Std Dev     5.338

Entries  1200000
Mean    3.918
Std Dev     5.338

15− 10− 5− 0 5 10 15
3

udφ
C

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Entries  1200000
Mean    4.213
Std Dev     5.298

Entries  1200000
Mean    4.213
Std Dev     5.298

15− 10− 5− 0 5 10 15
3

udφ
C

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Entries  1200000
Mean    4.167
Std Dev     5.398

Entries  1200000
Mean    4.167
Std Dev     5.398

15− 10− 5− 0 5 10 15
3

udφ
C

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
Entries  1200000
Mean    4.221
Std Dev     5.293

Entries  1200000
Mean    4.221
Std Dev     5.293

0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
3

#eHφ
C

0

1

2

3

4

5
Entries  1200000
Mean   0.02276
Std Dev    0.08537

Entries  1200000
Mean   0.02276
Std Dev    0.08537

0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
3

#eHφ
C

0

1

2

3

4

5
Entries  1200000
Mean   0.01855
Std Dev    0.0859

Entries  1200000
Mean   0.01855
Std Dev    0.0859

0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
3
φeC

0

1

2

3

4

5
Entries  1200000
Mean   0.02004
Std Dev    0.08441

Entries  1200000
Mean   0.02004
Std Dev    0.08441

0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
3
φeC

0

1

2

3

4

5

Entries  1200000
Mean   0.01624
Std Dev    0.08472

Entries  1200000
Mean   0.01624
Std Dev    0.08472

10

Ci 4π-4π

To ensure perturbative EFT 
expansion we impose flat prior 

for all WC: 

                  Ci(Λ) ∈[-4π,4π] 

(Other choices possible within                 ) fit
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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 for the talks at the ECFA kicko↵ meeting, June 18 2021

1 Latex Stu↵

LEFT (1)

�gh
gh

⇠ M2
h

�M2
h

⌘ " (2)

U = exp(2iGa

v
Ta) (3)

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

1

Constraints?
Signal?
Ci(Λ)

R
G

E

SMEFT (μEW)

LEFT

µΕW

Λ SMEFT (Λ)

R
G

E

Λb (B)
Λc (D)
Λs (K)

All Observables computed consistently to dimension 6

April 9, 2018

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.

1 More

O = OSM + �ONP
1
⇤2

2 Labels

�ge

L
/ge,SM

L

�ge

R
/ge,SM

R

�gµ

L
/gµ,SM

L

�gµ

R
/gµ,SM

R

�g⌧

L
/g⌧,SM

L

�g⌧

R
/g⌧,SM

R

�gu

L
/gu,SM

L

�gu

R
/gu,SM

R

�gc

L
/gc,SM

L

�gc

R
/gc,SM

R

�gt

L
/gt,SM

L

†E-mail: Jorge.DeBlasMateo@roma1.infn.it

1

State-of-the-art for SM predictions in 
most precise observables        

(EWPO, Flavour)

SM parameters (EW and flavour) 
floated in the fit, together with all  

the Wilson Coefficients

• Fit to POI in each of the frameworks using

•                                            considerations

• SM dependence included to current knowledge for most precise observables

• New physics effects: SMEFT dependence included consistently to dimension 6

• RGE evolution included via RGESolver 

• Currently including 100 of the124 U(2)5 operators simultaneously  (ignoring those that enter 
in observables only via weak RG mixing)  

Strategy for estimation of future sensitivity to New Physics
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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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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

e+e� ! ff̄
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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
, Rf , . . .

MW , �W , BR(W ! `i⌫)

MW , �W , BR`i⌫

MH, mt

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

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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Flavour Observables
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

– 16 –

• Several ΔF=1, 2 observables included

• Relevant for determination of CKM elements 
and to set bounds on FCNC
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Flavour Observables
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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and to set bounds on FCNC
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3.6.2 �F = 1 observables

Several �F = 1 processes enter our analysis for the purpose of determining the CKM matrix

elements and constraining the SMEFT coe�cients. Let us consider first the charged current

leptonic decays, which include ⇡ ! µ⌫, K ! µ⌫, B ! ⌧⌫, D(s) ! ⌧⌫, and D(s) ! µ⌫.

The relevant LEFT operators are given by

QV LL[kkij]

⌫edu
= (⌫̄k�µPLek)(d̄i�

µPLuj) ,

QV LR[kkij]

⌫edu
= (⌫̄k�µPLek)(d̄i�

µPRuj) ,

QSRR[kkij]

⌫edu
= (⌫̄kPRek)(d̄iPRuj) ,

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

summarised in Table 6.
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di↵erential distributions for the pp ! tt̄ process with invariant masses reaching up to a

few TeV. As shown in ref. [119], the most suitable dynamical scale for such di↵erential

observables is HT /4 = 1

4

⇣q
m2

t
+ p2

T,t
+

q
m2

t
+ p2

T,t̄

⌘
, which is below one quarter of the

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.

3.6 Flavour observables

We now discuss in detail the procedure followed to study the constraints arising in the

flavour sector. The floating SM parameters are the CKM matrix elements and the quark

masses. The fit involves also a set of hadronic parameters reported in Table 5 that can be

computed in lattice QCD without (or with negligible) e↵ects from the SMEFT.14

In the computation of all flavour observables, the SM contribution is evaluated using

all available higher-order corrections to achieve the best possible accuracy. The SMEFT

Lagrangian is matched to the LEFT at the scale µW using the results of ref. [25]. The LEFT

coe�cients are then evolved to the relevant energy scale using the LEFT renormalization

group equations [120].

3.6.1 �F = 2 observables

The most general �F = 2 e↵ective Hamiltonian involves 5 + 3 operators [132]. However,

in the context of the SMEFT, only 3 + 1 of them are generated, namely, in the notation of

ref. [132]:

Q
qiqj

1
= (q̄↵i �µPLq↵j )(q̄�

i
�µPLq�

j
) ,

Q
qiqj

4
= (q̄↵i PLq↵j )(q̄�

i
PRq�

j
) ,

Q
qiqj

5
= (q̄↵i PLq�

j
)(q̄�

i
PLq↵j ) ,

Q̃
qiqj

1
= (q̄↵i �µPRq↵j )(q̄�

i
�µPRq�

j
) , (3.2)

where qi = ui, di are up- and down-type quark fields, PL,R = (1 ⌥ �5)/2 are the left- and

right-handed projectors, and ↵, � are colour indices. Furthermore, within the U(2)5 flavour

assumption, the operator Q̃
qiqj

1
is negligible. In terms of the LEFT operators of ref. [25],

the Wilson coe�cients of the above operators are given by

C
qiqj

1
= �CV,LL[ijij]

qq ,

C
qiqj

4
= CV 8,LR[ijij]

qq ,

C
qiqj

5
= 2CV 1,LR[ijij]

qq � CV 8,LR[ijij]

qq /3 ,

14Results obtained fixing the lattice spacing using hadron spectroscopy are not a↵ected by SMEFT

contributions. In addition, there is usually good agreement (within current uncertainties) among results

obtained fixing the lattice spacing with spectroscopy or with the weak decay constants, the latter procedure

being potentially a↵ected by SMEFT contributions. We conclude that within current uncertainties we can

safely use all available lattice results.
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ΔF=1

ΔF=2

Negligible under U(2)5

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 conformal variable z. In this analysis, we incorporate constraints from

lattice QCD given in [135] as well as unitarity bounds on the expansion coe�cients. The

experimental data used also include a 10 ⇥ 10 correlation matrix ([��i/�w]10⇥10), see

reference 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

particularly sensitive to potential contributions from BSM physics: the inclusive radiative

decay B ! Xs� and the short-distance dominated exclusive decay Bs ! µ+µ�. SM

predictions for these processes are computed to next-to-next-to-leading order accuracy as

detailed in references [136, 137]. The leading e↵ects of NP for the inclusive radiative

channel involve the following operators:

Q[ij]

d�
= (d̄i�µ⌫PRdj) Fµ⌫ ,

Q[ij]

dG
= (d̄i�µ⌫TAPRdj) Gµ⌫

A
,

QV 1LL[ijkl]

ud
= (ūi�µPLuj) (ūk�

µPLdl) ,

QV 8LL[ijkl]

ud
= (ūi�µTAPLuj) (ūk�

µTAPLdl) ,

QV 1RR[ijkl]

ud
= (ūi�µPRuj) (ūk�

µPRdl) ,

QV 8RR[ijkl]

ud
= (ūi�µTAPRuj) (ūk�

µTAPRdl) ,

where the current-current operators also contribute to the decay at leading order via one-

loop running e↵ects below the EW scale. On the other hand, the leading-order contribu-

tions of new physics in Bs ! µ+µ� are not a↵ected by RGE e↵ects below the EW scale

and, in particular, are given by the tree-level matching of the SMEFT onto:

QV LL[kkij]

ed
= (ēk�µPLek) (d̄i�

µPLdj) ,

QV LR[ijkk]

de
= (d̄i�µPLdj) (ēk�

µPRek) .

Finally, we consider the FCNC process K+
! ⇡+⌫⌫̄, which is also theoretically clean

and highly suppressed in the SM [138]. Due to its strong sensitivity to short-distance

physics and minimal hadronic uncertainties [139], it provides a powerful probe of potential

new physics e↵ects. Assuming lepton universality and taking into account the flavour

symmetries adopted in our study, the only LEFT operator relevant for this channel is:

QV LL[kkij]

⌫d
= (⌫̄k�µPL⌫k) (d̄i�

µPLdj) .

4 Results

In this section, we present the results of the fits we performed with di↵erent assumptions on

the SMEFT flavour symmetries, namely U(3)5 and U(2)5 in both the UP and DOWN bases

defined in Section 2.1. In order to assess the impact of the RGE of the SMEFT Wilson
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µPRdl) ,

QV 8RR[ijkl]

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

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

Flavour Observables

• All SM parameters are floated in the fit and 
obtained simultaneously with the WC

‣CKM and masses ‣Hadronic parameters

Key hadronic parameters included 
in SM predictions

C̃
qiqj

1
= �CV,RR[ijij]

qq . (3.3)

For the relevant matrix elements we use the lattice B-parameters reported in Table 5. For

Bq � B̄q mixing (q = d, s), we use in the fit the mass di↵erence, the time-dependent CP

asymmetries, and the semileptonic asymmetries. For K � K̄ mixing, we use the ✏K CP-

violating parameter and the mass di↵erence �MK . For the SM contribution to the latter,

we use the lattice QCD estimate in ref. [123]. Finally, for the dispersive phase of D � D̄

mixing �M

12
, we use the results of the global fit of ref. [124] and, lacking an estimate of

the SM contribution to the real part of the amplitude, assume that the SM contribution

can saturate the experimental value. All the experimental results used in this section are

summarised in Table 6, while the expressions for the observables in terms of the operators

in eq. (3.2) can be found for example in refs. [133, 134].

Parameter Value Ref.

FBs (GeV) 0.2301 ± 0.0012 [47]

FBs/FBd 1.208 ± 0.005 [47]

BBs(4.2 GeV) 0.888 ± 0.040 [47]

BBs/BBd 1.015 ± 0.021 [47]

BBs,4(4.2 GeV) 0.98 ± 0.08 [47]

BBs,5(4.2 GeV) 1.66 ± 0.13 [47]

BBd,4(4.2 GeV) 0.99 ± 0.08 [47]

BBd,5(4.2 GeV) 1.58 ± 0.18 [47]

BK(2 GeV) 0.552 ± 0.012 [47]

BK,4(2 GeV) 0.904 ± 0.053 [47]

BK,5(2 GeV) 0.618 ± 0.114 [47]

�"K (�) 43.51 ± 0.05 [121]

"K 0.97 ± 0.02 [122]

(�MK)SM (ns�1) 8.8 ± 3.6 [123]

BD,1(3 GeV) 0.765 ± 0.025 [47]

BD,4(3 GeV) 0.98 ± 0.06 [47]

BD,5(3 GeV) 1.05 ± 0.09 [47]

FD (GeV) 0.2120 ± 0.0007 [47]

(�MD)SM (ps�1) 0.005 ± 0.005 [124]

fK (GeV) 0.15611 ± 0.00021 [125]

fK/f⇡ 1.1966 ± 0.0018 [125]

�Rphys
⇡ 0.0153 ± 0.0019 [125]

�Pc,u 0.04 ± 0.02 [126]

Table 5. Key hadronic parameters floated in the theoretical prediction of flavour observables in our
analysis. In particular, we report the values of bag parameters and meson decay constants, along
with the long-distance contributions assumed for both K- and D-meson mixing and for K ! ⇡⌫⌫̄.
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The role of Flavour in SMEFT fits: U(3)5

Individual fit results: Impact of data sets
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Figure 1. Results from individual fits in the U(3)5 flavour symmetric SMEFT. For each coe�cient
Ci, the top panel shows the scale of NP allowed by the data at 95% probability (normalized by
the square root of the maximum of the 95% HPDI interval for |Ci|). The bottom panel shows the
width of the 95% probability range divided by two. Both panels show results for the three cases 1)
⇤ = 10 TeV with RGE, 2) ⇤ = 3 TeV with RGE, and 3) ⇤ = 1 TeV with no RGE. Furthermore,
in each case we also include results obtained removing the most constraining data set for that
particular coe�cient (see Table 7). The color code is as explained in the legend. The horizontal
lines indicate the maximum value allowed for each Wilson coe�cient in the fit, corresponding to
the perturbativity limit 4⇡ (see Section 3.1), for the di↵erent values chosen for the NP scale ⇤. The
cases in which the 95% HPDI interval touches the prior’s edges, indicated in red in Table 7, are
hatched with red diagonal lines. When the posterior distribution of a coe�cient is completely flat
the 95% HPDI interval is hatched with diagonal white lines.

including new observables. The results of the fits can also be translated into the allowed

range at 95% probability for ⇤/
p

|Ci|. Since no coe�cient is driven away from zero at 95%

probability, we can only put a lower bound on the e↵ective NP scale, as reported in the

upper panel of Fig. 1, with the same color code. Finally, we summarise the information on

the lower bounds on the e↵ective NP scale obtained for ⇤ = 3 TeV in Fig. 2.

We now discuss the results of the global fit for the U(3)5 assumption, whose results

are presented in Table 8 and Figure 3. It is well known that, in the Warsaw basis, there

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,
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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SMEFT fit results: U(3)5
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The role of Flavour in SMEFT fits: U(2)5
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 7. Same as Figure 4 but for the four-fermion operators that contain only right-handed
fields.

ence patterns involving several coe�cients. For example, the coe�cient C(3)[aabb]

qq is strongly

correlated with C(3)[aabb]

lq
and C(3)[33aa]

lq
, with correlation coe�cients of 0.86 and 0.81, re-

spectively. Therefore, a large set of four fermions operators cannot be constrained in the

global fit with current data.

A direct comparison between the global fit results in the U(2)5 and U(3)5 flavour-

symmetric scenarios can be made by examining the last column of Tables 11 and 8. We have

already discussed how certain dipole interactions involving the bottom quark (C [33]

dB,dW,dG
),

which are absent under the U(3)5 assumption, receive strong constraints from flavour

observables in the U(2)5 framework. On the other hand, when comparing the global bounds

on operators such as C(1)

�q
and C(3)

�q
, which modify the neutral and charged current couplings

of left-handed quarks, we find that the U(2)5 symmetry still o↵ers significant protection

against flavour constraints, yielding bounds comparable to those in the U(3)5 scenario.

However, this does not hold for individual fits. In particular, interactions involving the

left-handed third-generation quarks are more strongly constrained by flavour observables,

while those involving the light generations remain primarily constrained by electroweak

data. 16

16Interestingly, and as also pointed out in other studies, for the right-handed interactions with the top-

quark, C [33]
�u , the strongest individual bound comes from electroweak precision observables as a result of

mixing between this operator and the custodial symmetry breaking operator C�D [143] (see also [144]). A

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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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 7. Same as Figure 4 but for the four-fermion operators that contain only right-handed
fields.

ence patterns involving several coe�cients. For example, the coe�cient C(3)[aabb]

qq is strongly

correlated with C(3)[aabb]

lq
and C(3)[33aa]

lq
, with correlation coe�cients of 0.86 and 0.81, re-

spectively. Therefore, a large set of four fermions operators cannot be constrained in the

global fit with current data.

A direct comparison between the global fit results in the U(2)5 and U(3)5 flavour-

symmetric scenarios can be made by examining the last column of Tables 11 and 8. We have

already discussed how certain dipole interactions involving the bottom quark (C [33]

dB,dW,dG
),

which are absent under the U(3)5 assumption, receive strong constraints from flavour

observables in the U(2)5 framework. On the other hand, when comparing the global bounds

on operators such as C(1)

�q
and C(3)

�q
, which modify the neutral and charged current couplings

of left-handed quarks, we find that the U(2)5 symmetry still o↵ers significant protection

against flavour constraints, yielding bounds comparable to those in the U(3)5 scenario.

However, this does not hold for individual fits. In particular, interactions involving the

left-handed third-generation quarks are more strongly constrained by flavour observables,

while those involving the light generations remain primarily constrained by electroweak

data. 16

16Interestingly, and as also pointed out in other studies, for the right-handed interactions with the top-

quark, C [33]
�u , the strongest individual bound comes from electroweak precision observables as a result of

mixing between this operator and the custodial symmetry breaking operator C�D [143] (see also [144]). A

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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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-

– 23 –

O
(1

)[
aa

bb
]

qq

O
(1

)[
ab

ba
]

qq

O
(1

)[
aa

33
]

qq

O
(1

)[
a3

3a
]

qq

O
(1

)[
33

33
]

qq

O
(3

)[
aa

bb
]

qq

O
(3

)[
ab

ba
]

qq

O
(3

)[
aa

33
]

qq

O
(3

)[
a3

3a
]

qq

O
(3

)[
33

33
]

qq

O
(1

)[
aa

bb
]

qu

O
(1

)[
aa

33
]

qu

O
(1

)[
33

aa
]

qu

O
(1

)[
33

33
]

qu

O
(8

)[
aa

bb
]

qu

O
(8

)[
aa

33
]

qu

O
(8

)[
33

aa
]

qu

O
(8

)[
33

33
]

qu

O
(1

)[
aa

bb
]

qd

O
(1

)[
aa

33
]

qd

O
(1

)[
33

aa
]

qd

O
(1

)[
33

33
]

qd

O
(8

)[
aa

bb
]

qd

O
(8

)[
aa

33
]

qd

O
(8

)[
33

aa
]

qd

O
(8

)[
33

33
]

qd

O
(1

)[
33

33
]

qu
qd

O
(8

)[
33

33
]

qu
qd

10�1

100

101

102

�
/p

|C
|
at

95
%

H
P
D

I
(T

eV
)

O
(1

)[
aa

bb
]

qq

O
(1

)[
ab

ba
]

qq

O
(1

)[
aa

33
]

qq

O
(1

)[
a3

3a
]

qq

O
(1

)[
33

33
]

qq

O
(3

)[
aa

bb
]

qq

O
(3

)[
ab

ba
]

qq

O
(3

)[
aa

33
]

qq

O
(3

)[
a3

3a
]

qq

O
(3

)[
33

33
]

qq

O
(1

)[
aa

bb
]

qu

O
(1

)[
aa

33
]

qu

O
(1

)[
33

aa
]

qu

O
(1

)[
33

33
]

qu

O
(8

)[
aa

bb
]

qu

O
(8

)[
aa

33
]

qu

O
(8

)[
33

aa
]

qu

O
(8

)[
33

33
]

qu

O
(1

)[
aa

bb
]

qd

O
(1

)[
aa

33
]

qd

O
(1

)[
33

aa
]

qd

O
(1

)[
33

33
]

qd

O
(8

)[
aa

bb
]

qd

O
(8

)[
aa

33
]

qd

O
(8

)[
33

aa
]

qd

O
(8

)[
33

33
]

qd

O
(1

)[
33

33
]

qu
qd

O
(8

)[
33

33
]

qu
qd

10�5

10�4

10�3

10�2

10�1

100

101

C
/�

2
95

%
un

ce
rt

ai
nt

y
(T

eV
�

2
)

UP basis
Full 10 TeV

Full 3 TeV

Full noRGE

noDY

noEW

noF

noH

noT

Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]
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hitting the perturbativity limit; C [33]
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and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]
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hitting the perturbativity limit; C [33]

dB
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, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;
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ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.

O
G

O
W

O
�G

O
�W

O
�B

O
�W

B
O

�D

O
�⇤

O
(1

)[
aa

]
�l

O
(1

)[
33

]
�l

O
(3

)[
aa

]
�l

O
(3

)[
33

]
�l

O
[a

a]
�e

O
[3

3]
�e

O
(1

)[
aa

]
�q

O
(1

)[
33

]
�q

O
(3

)[
aa

]
�q

O
(3

)[
33

]
�q

O
[a

a]
�u

O
[3

3]
�u

O
[a

a]
�d

O
[3

3]
�d

O
[3

3]
�u

d
O

[3
3]

e�
O

[3
3]

u�
O

[3
3]

d�

O
[3

3]
uG

O
[3

3]
uW

O
[3

3]
uB

O
[3

3]
dG

O
[3

3]
dW

O
[3

3]
dB

O
[3

3]
eW

O
[3

3]
eB

10�1

100

101

102

�
/p

|C
|
at

95
%

H
P
D

I
(T

eV
)

O
G

O
W

O
�G

O
�W

O
�B

O
�W

B
O

�D

O
�⇤

O
(1

)[
aa

]
�l

O
(1

)[
33

]
�l

O
(3

)[
aa

]
�l

O
(3

)[
33

]
�l O

[a
a]

�e
O

[3
3]

�e
O

(1
)[
aa

]
�q

O
(1

)[
33

]
�q

O
(3

)[
aa

]
�q

O
(3

)[
33

]
�q O

[a
a]

�u
O

[3
3]

�u
O

[a
a]

�d
O

[3
3]

�d
O

[3
3]

�u
d

O
[3

3]
e�

O
[3

3]
u�

O
[3

3]
d�

O
[3

3]
uG

O
[3

3]
uW

O
[3

3]
uB

O
[3

3]
dG

O
[3

3]
dW

O
[3

3]
dB

O
[3

3]
eW

O
[3

3]
eB

10�5

10�4

10�3

10�2

10�1

100

101

C
/�

2
95

%
un

ce
rt

ai
nt

y
(T

eV
�

2
)

UP basis
Full 10 TeV

Full 3 TeV

Full noRGE

noDY

noEW

noF

noH

noT

Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)
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and C(3)
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, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 7. Same as Figure 4 but for the four-fermion operators that contain only right-handed
fields.

ence patterns involving several coe�cients. For example, the coe�cient C(3)[aabb]

qq is strongly

correlated with C(3)[aabb]

lq
and C(3)[33aa]

lq
, with correlation coe�cients of 0.86 and 0.81, re-

spectively. Therefore, a large set of four fermions operators cannot be constrained in the

global fit with current data.

A direct comparison between the global fit results in the U(2)5 and U(3)5 flavour-

symmetric scenarios can be made by examining the last column of Tables 11 and 8. We have

already discussed how certain dipole interactions involving the bottom quark (C [33]

dB,dW,dG
),

which are absent under the U(3)5 assumption, receive strong constraints from flavour

observables in the U(2)5 framework. On the other hand, when comparing the global bounds

on operators such as C(1)

�q
and C(3)

�q
, which modify the neutral and charged current couplings

of left-handed quarks, we find that the U(2)5 symmetry still o↵ers significant protection

against flavour constraints, yielding bounds comparable to those in the U(3)5 scenario.

However, this does not hold for individual fits. In particular, interactions involving the

left-handed third-generation quarks are more strongly constrained by flavour observables,

while those involving the light generations remain primarily constrained by electroweak

data. 16

16Interestingly, and as also pointed out in other studies, for the right-handed interactions with the top-

quark, C [33]
�u , the strongest individual bound comes from electroweak precision observables as a result of

mixing between this operator and the custodial symmetry breaking operator C�D [143] (see also [144]). A

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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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)
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and C(3)
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, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar
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ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-

– 23 –

O
[a

ab
b]

ll

O
[a

bb
a]

ll

O
[a

a3
3]

ll

O
[a

33
a]

ll

O
[3

33
3]

ll

O
[a

ab
b]

le

O
[a

a3
3]

le

O
[3

3a
a]

le

O
[3

33
3]

le
O

(1
)[
aa

bb
]

lq

O
(1

)[
aa

33
]

lq

O
(1

)[
33

aa
]

lq

O
(1

)[
33

33
]

lq

O
(3

)[
aa

bb
]

lq

O
(3

)[
aa

33
]

lq

O
(3

)[
33

aa
]

lq

O
(3

)[
33

33
]

lq

O
[a

ab
b]

lu

O
[a

a3
3]

lu

O
[3

3a
a]

lu

O
[3

33
3]

lu

O
[a

ab
b]

ld

O
[a

a3
3]

ld

O
[3

3a
a]

ld

O
[3

33
3]

ld

O
[a

ab
b]

qe

O
[a

a3
3]

qe

O
[3

3a
a]

qe

O
[3

33
3]

qe

O
[3

33
3]

le
dq

O
(1

)[
33

33
]

le
qu

O
(3

)[
33

33
]

le
qu

10�1

100

101

102

�
/p

|C
|
at

95
%

H
P
D

I
(T

eV
)

O
[a

ab
b]

ll

O
[a

bb
a]

ll

O
[a

a3
3]

ll

O
[a

33
a]

ll

O
[3

33
3]

ll

O
[a

ab
b]

le

O
[a

a3
3]

le

O
[3

3a
a]

le

O
[3

33
3]

le
O

(1
)[
aa

bb
]

lq

O
(1

)[
aa

33
]

lq

O
(1

)[
33

aa
]

lq

O
(1

)[
33

33
]

lq

O
(3

)[
aa

bb
]

lq

O
(3

)[
aa

33
]

lq

O
(3

)[
33

aa
]

lq

O
(3

)[
33

33
]

lq O
[a

ab
b]

lu

O
[a

a3
3]

lu

O
[3

3a
a]

lu

O
[3

33
3]

lu

O
[a

ab
b]

ld

O
[a

a3
3]

ld

O
[3

3a
a]

ld

O
[3

33
3]

ld

O
[a

ab
b]

qe

O
[a

a3
3]

qe

O
[3

3a
a]

qe

O
[3

33
3]

qe

O
[3

33
3]

le
dq

O
(1

)[
33

33
]

le
qu

O
(3

)[
33

33
]

le
qu

10�5

10�4

10�3

10�2

10�1

100

101

C
/�

2
95

%
un

ce
rt

ai
nt

y
(T

eV
�

2
)

UP basis
Full 10 TeV

Full 3 TeV

Full noRGE

noDY

noEW

noF

noH

noT

Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This

– 22 –

O
[a

ab
b]

ll

O
[a

bb
a]

ll

O
[a

a3
3]

ll

O
[a

33
a]

ll

O
[3

33
3]

ll

O
[a

ab
b]

le

O
[a

a3
3]

le

O
[3

3a
a]

le

O
[3

33
3]

le
O

(1
)[
aa

bb
]

lq

O
(1

)[
aa

33
]

lq

O
(1

)[
33

aa
]

lq

O
(1

)[
33

33
]

lq

O
(3

)[
aa

bb
]

lq

O
(3

)[
aa

33
]

lq

O
(3

)[
33

aa
]

lq

O
(3

)[
33

33
]

lq

O
[a

ab
b]

lu

O
[a

a3
3]

lu

O
[3

3a
a]

lu

O
[3

33
3]

lu

O
[a

ab
b]

ld

O
[a

a3
3]

ld

O
[3

3a
a]

ld

O
[3

33
3]

ld

O
[a

ab
b]

qe

O
[a

a3
3]

qe

O
[3

3a
a]

qe

O
[3

33
3]

qe

O
[3

33
3]

le
dq

O
(1

)[
33

33
]

le
qu

O
(3

)[
33

33
]

le
qu

10�1

100

101

102

�
/p

|C
|
at

95
%

H
P
D

I
(T

eV
)

O
[a

ab
b]

ll

O
[a

bb
a]

ll

O
[a

a3
3]

ll

O
[a

33
a]

ll

O
[3

33
3]

ll

O
[a

ab
b]

le

O
[a

a3
3]

le

O
[3

3a
a]

le

O
[3

33
3]

le
O

(1
)[
aa

bb
]

lq

O
(1

)[
aa

33
]

lq

O
(1

)[
33

aa
]

lq

O
(1

)[
33

33
]

lq

O
(3

)[
aa

bb
]

lq

O
(3

)[
aa

33
]

lq

O
(3

)[
33

aa
]

lq

O
(3

)[
33

33
]

lq O
[a

ab
b]

lu

O
[a

a3
3]

lu

O
[3

3a
a]

lu

O
[3

33
3]

lu

O
[a

ab
b]

ld

O
[a

a3
3]

ld

O
[3

3a
a]

ld

O
[3

33
3]

ld

O
[a

ab
b]

qe

O
[a

a3
3]

qe

O
[3

3a
a]

qe

O
[3

33
3]

qe

O
[3

33
3]

le
dq

O
(1

)[
33

33
]

le
qu

O
(3

)[
33

33
]

le
qu

10�5

10�4

10�3

10�2

10�1

100

101

C
/�

2
95

%
un

ce
rt

ai
nt

y
(T

eV
�

2
)

UP basis
Full 10 TeV

Full 3 TeV

Full noRGE

noDY

noEW

noF

noH

noT

Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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(Very small contributions from RH operators to Flavour either in the UP or DOWN bases)
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.

O
G

O
W

O
�G

O
�W

O
�B

O
�W

B
O

�D

O
�⇤

O
(1

)[
aa

]
�l

O
(1

)[
33

]
�l

O
(3

)[
aa

]
�l

O
(3

)[
33

]
�l

O
[a

a]
�e

O
[3

3]
�e

O
(1

)[
aa

]
�q

O
(1

)[
33

]
�q

O
(3

)[
aa

]
�q

O
(3

)[
33

]
�q

O
[a

a]
�u

O
[3

3]
�u

O
[a

a]
�d

O
[3

3]
�d

O
[3

3]
�u

d
O

[3
3]

e�
O

[3
3]

u�
O

[3
3]

d�

O
[3

3]
uG

O
[3

3]
uW

O
[3

3]
uB

O
[3

3]
dG

O
[3

3]
dW

O
[3

3]
dB

O
[3

3]
eW

O
[3

3]
eB

10�1

100

101

102

�
/p

|C
|
at

95
%

H
P
D

I
(T

eV
)

O
G

O
W

O
�G

O
�W

O
�B

O
�W

B
O

�D

O
�⇤

O
(1

)[
aa

]
�l

O
(1

)[
33

]
�l

O
(3

)[
aa

]
�l

O
(3

)[
33

]
�l O

[a
a]

�e
O

[3
3]

�e
O

(1
)[
aa

]
�q

O
(1

)[
33

]
�q

O
(3

)[
aa

]
�q

O
(3

)[
33

]
�q O

[a
a]

�u
O

[3
3]

�u
O

[a
a]

�d
O

[3
3]

�d
O

[3
3]

�u
d

O
[3

3]
e�

O
[3

3]
u�

O
[3

3]
d�

O
[3

3]
uG

O
[3

3]
uW

O
[3

3]
uB

O
[3

3]
dG

O
[3

3]
dW

O
[3

3]
dB

O
[3

3]
eW

O
[3

3]
eB

10�5

10�4

10�3

10�2

10�1

100

101

C
/�

2
95

%
un

ce
rt

ai
nt

y
(T

eV
�

2
)

UP basis
Full 10 TeV

Full 3 TeV

Full noRGE

noDY

noEW

noF

noH

noT

Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has been set to ⇤ = 3 TeV. The limits shown
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following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 7. Same as Figure 4 but for the four-fermion operators that contain only right-handed
fields.

ence patterns involving several coe�cients. For example, the coe�cient C(3)[aabb]

qq is strongly

correlated with C(3)[aabb]

lq
and C(3)[33aa]

lq
, with correlation coe�cients of 0.86 and 0.81, re-

spectively. Therefore, a large set of four fermions operators cannot be constrained in the

global fit with current data.

A direct comparison between the global fit results in the U(2)5 and U(3)5 flavour-

symmetric scenarios can be made by examining the last column of Tables 11 and 8. We have

already discussed how certain dipole interactions involving the bottom quark (C [33]

dB,dW,dG
),

which are absent under the U(3)5 assumption, receive strong constraints from flavour

observables in the U(2)5 framework. On the other hand, when comparing the global bounds

on operators such as C(1)

�q
and C(3)

�q
, which modify the neutral and charged current couplings

of left-handed quarks, we find that the U(2)5 symmetry still o↵ers significant protection

against flavour constraints, yielding bounds comparable to those in the U(3)5 scenario.

However, this does not hold for individual fits. In particular, interactions involving the

left-handed third-generation quarks are more strongly constrained by flavour observables,

while those involving the light generations remain primarily constrained by electroweak

data. 16

16Interestingly, and as also pointed out in other studies, for the right-handed interactions with the top-

quark, C [33]
�u , the strongest individual bound comes from electroweak precision observables as a result of

mixing between this operator and the custodial symmetry breaking operator C�D [143] (see also [144]). A

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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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Oqq(1), Oqq(3) strongly constrained by meson-anti meson mixingObservable Value Ref.

�mBs (ps�1) 17.765 ± 0.006 [121, 127]

�s �0.049 ± 0.019 [121, 127]

As

sl
�0.0006 ± 0.00028 [121, 127]

�mBd (ps�1) 0.5069 ± 0.0019 [121, 127]

SJ/ KS
0.692 ± 0.016 [121, 127, 128]

Ad

sl
�0.0021 ± 0.0017 [121, 127]

�MK (ns�1) 5.293 ± 0.009 [121]

✏K (2.228 ± 0.011) ⇥ 10�3 [121]

�M

12
(�) 1.9 ± 1.6 [124]

BR(B ! ⌧⌫) ⇥ 104 1.09 ± 0.24 [121]

BR(D ! ⌧⌫) ⇥ 104 9.9 ± 1.2 [121]

BR(D ! µ⌫) ⇥ 104 3.981 ± 0.089 [121]

BR(Ds ! ⌧⌫) ⇥ 103 5.31 ± 0.11 [121]

BR(Ds ! µ⌫) ⇥ 102 5.37 ± 0.10 [121]

�(K ! µ⌫)/�(⇡ ! µ⌫) 1.3367 ± 0.0029 [121]

BR(⇡ ! µ⌫) ⇥ 105 3.8408 ± 0.0007 [121]

d�(B ! D`⌫)/dw [��i/�w]10⇥10 [129]

BR(K+
! ⇡+⌫⌫̄) ⇥ 1010 1.175 ± 0.365 [121]

BR(B ! Xs�) ⇥ 104 3.49 ± 0.19 [121]

BR(Bs ! µ+µ�) ⇥ 109 3.41 ± 0.29 [121]

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 [130], testing the SM consistency, and probing potential contributions from NP [131].

3.6.2 �F = 1 observables

Several �F = 1 processes enter our analysis for the purpose of determining the CKM matrix

elements and constraining the SMEFT coe�cients. Let us consider first the charged current

leptonic decays, which include ⇡ ! µ⌫, K ! µ⌫, B ! ⌧⌫, D(s) ! ⌧⌫, and D(s) ! µ⌫.

The relevant LEFT operators are given by

QV LL[kkij]

⌫edu
= (⌫̄k�µPLek)(d̄i�

µPLuj) ,

QV LR[kkij]

⌫edu
= (⌫̄k�µPLek)(d̄i�

µPRuj) ,

QSRR[kkij]

⌫edu
= (⌫̄kPRek)(d̄iPRuj) ,

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

summarised in Table 6.
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 7. Same as Figure 4 but for the four-fermion operators that contain only right-handed
fields.

ence patterns involving several coe�cients. For example, the coe�cient C(3)[aabb]

qq is strongly

correlated with C(3)[aabb]

lq
and C(3)[33aa]

lq
, with correlation coe�cients of 0.86 and 0.81, re-

spectively. Therefore, a large set of four fermions operators cannot be constrained in the

global fit with current data.

A direct comparison between the global fit results in the U(2)5 and U(3)5 flavour-

symmetric scenarios can be made by examining the last column of Tables 11 and 8. We have

already discussed how certain dipole interactions involving the bottom quark (C [33]

dB,dW,dG
),

which are absent under the U(3)5 assumption, receive strong constraints from flavour

observables in the U(2)5 framework. On the other hand, when comparing the global bounds

on operators such as C(1)

�q
and C(3)

�q
, which modify the neutral and charged current couplings

of left-handed quarks, we find that the U(2)5 symmetry still o↵ers significant protection

against flavour constraints, yielding bounds comparable to those in the U(3)5 scenario.

However, this does not hold for individual fits. In particular, interactions involving the

left-handed third-generation quarks are more strongly constrained by flavour observables,

while those involving the light generations remain primarily constrained by electroweak

data. 16

16Interestingly, and as also pointed out in other studies, for the right-handed interactions with the top-

quark, C [33]
�u , the strongest individual bound comes from electroweak precision observables as a result of

mixing between this operator and the custodial symmetry breaking operator C�D [143] (see also [144]). A

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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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]
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, with a corre-

lation coe�cient of 0.87 and C(1)[3333]
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hitting the perturbativity limit; C [33]
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,

with a correlation coe�cient of �0.83 and C(1)[3333]
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, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;
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ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]
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and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]
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hitting the perturbativity limit; C [33]
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and C(1)[3333]
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,

with a correlation coe�cient of �0.83 and C(1)[3333]
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hitting the perturbativity limit; C [33]

dB
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, with a correlation coe�cient of 0.99, and C [33]
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hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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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 has 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 (the latter also adjusted to a value of ⇤ = 3 TeV for this comparison),
following the colour scheme indicated in the legend.
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]
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and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]
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,

with a correlation coe�cient of �0.83 and C(1)[3333]
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hitting the perturbativity limit; C [33]
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, with a correlation coe�cient of 0.99, and C [33]
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hitting the perturbativity limit;
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ll
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ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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
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dW
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, which are

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

Furthermore, as shown in Table 10 and Figure 9, the choice of flavour basis has a
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basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing
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dB
by nearly two orders of magnitude. Even in this case, however, flavour
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 6. Same as Figure 4 but for the four-fermion operators that contain only quark fields and
at least one left-handed field.

pattern extends, to varying degrees, to most of the operators shown in Figure 9: bounds

in the DOWN basis are systematically weaker due to flavour-space alignment and the

precision of B-physics measurements. A few notable exceptions are the coe�cients C(1)

�q

and C(3)

�q
, for which flavour-diagonal electroweak observables impose similarly strong limits.

We now discuss the results of the global fits for the U(2)5 assumption, choosing as a

representative example the results obtained with ⇤ = 10 TeV in the UP basis shown in

Table 11 and Figures 10 and 11. We begin by highlighting the most important correla-

tions between the di↵erent Wilson coe�cients. Let us start with the coe�cients mainly

constrained by Higgs-boson and EW observables. For example, the coe�cient C�G be-

comes degenerate with C [33]

uG
, with a correlation coe�cient of �0.94. However, imposing

the perturbativity prior on C [33]

uG
, one still gets a strong constraint on C�G, with a 95%

HPDI interval of [�0.32, 1.62] corresponding to a bound on ⇤/
p

|C�G| of 8 TeV, to be

compared with the bound of 19 TeV obtained in the individual fit (see Table 9). A similar

phenomenon occurs for other pairs of coe�cients, such as C [33]

e�
and C(1)[3333]

lequ
, with a corre-

lation coe�cient of 0.87 and C(1)[3333]

lequ
hitting the perturbativity limit; C [33]

d�
and C(1)[3333]

quqd
,

with a correlation coe�cient of �0.83 and C(1)[3333]

quqd
hitting the perturbativity limit; C [33]

dB

and C [33]

dW
, with a correlation coe�cient of 0.99, and C [33]

dW
hitting the perturbativity limit;

C [aabb]

ll
and C [aabb]

ee , with a correlation coe�cient of �0.9 and both coe�cients hitting the

perturbativity limit. Concerning four fermion operators, one faces more complex interfer-
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Figure 4. Same as Fig. 1 for bosonic and two-fermion operators in the U(2)5 symmetric SMEFT
(UP basis).

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

– 21 –

(Very small contributions from RH operators to Flavour either in the UP or DOWN bases)
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Figure 5. Same as Figure 4 but for the four-fermion operators that contain at least one leptonic
field and one left-handed field.

and Figure 1 discussed in Section 4.1 for the U(3)5 case, to which we refer. 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. 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 hold 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

basis, as expected, strongly suppresses contributions to b-quark flavour transitions, relaxing

the bound on C [33]

dB
by nearly two orders of magnitude. Even in this case, however, flavour

observables continue to provide the most stringent constraints on these operators. This
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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 iden-

tify the 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

– 25 –

Strong dependence on choice of "basis” 
• Alignment of New Physics with the DOWN sector in the U(2)5 limit ⇒ Strong suppresion to flavour-

changing b-quark processes ⇒ Systematic relaxation of flavour bounds

(Still providing the leading constraint in dipole interactions)
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The role of Flavour in SMEFT fits: U(2)5

UP vs. DOWN: Individual fits 
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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 iden-

tify the 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

– 25 –

Strong dependence on choice of "basis” 
• Alignment of New Physics with the DOWN sector in the U(2)5 limit ⇒ Strong suppresion to flavour-

changing b-quark processes ⇒ Systematic relaxation of flavour bounds

• Exception: Oφq(1), Oφq(3): EWPO still imposes strong flavour-blind bounds

(Still providing the leading constraint in dipole interactions)
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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

– 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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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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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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Comparison of individual vs. global fit results
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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.

C
[a

ab
b]

ll C
[a

bb
a]

ll
C

[a
a3

3]
ll C

[a
33

a]
ll

C
(1

)[
aa

bb
]

lq
C

(1
)[
aa

33
]

lq C
(1

)[
33

aa
]

lq C
(3

)[
aa

bb
]

lq
C

(3
)[
aa

33
]

lq C
(3

)[
33

aa
]

lq C
(3

)[
33

33
]

lq

C
[a

ab
b]

ee

C
[a

a3
3]

ee C
[a

ab
b]

eu

C
[a

a3
3]

eu

C
[3

3a
a]

eu C
[a

ab
b]

ed
C

[a
a3

3]
ed C

[a
ab

b]
le C

[a
ab

b]
lu

C
[a

a3
3]

lu C
[3

3a
a]

lu C
[a

ab
b]

ld C
[a

ab
b]

qe

C
[a

a3
3]

qe

C
[3

3a
a]

qe
C

(1
)[
33

33
]

le
qu C

[a
ab

b]
uu

C
[a

bb
a]

uu

C
[a

33
a]

uu
C

(1
)[
33

33
]

qu

C
(1

)[
33

33
]

qu
qd

C
(8

)[
33

33
]

qu
qd

�12

�10

�8

�6

�4

�2

0

2

4

6

8

10

12

Li
m

it
s

95
%

H
P
D

I

�NP = 10 TeVUP BasisIndividual Global

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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Flavour protection: U(3)5 vs. U(2)5 

• Despite the very different hypotheses and 
prominent role of flavour measurements in the 
U(2)5 fit, these assumptions still provide a 
good flavour “protection”

• Relevant for building new physics models not 
(too) far from the EW scale! 

Cφq(1), Cφq(3)→ Modify NC quark interactions
Comparable results in U(3)5 and U(2)5  limits 

(both in individual and global fits)  
Controlled by EW/Top observables 
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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

• The role of flavour in the global fit

✓ Strong dependence of the result on flavour assumptions

✓ U(2)5 : beyond the trivial U(3)5 limit, flavour measurements play a leading role in setting very strong limits in 
new interactions… 

✓ …though results depend on the direction of the 3rd family in flavour space chosen to define the U(2)5 

symmetry

✓ U(2)5 symmetry provides a good flavour protection ⇒ Important for EW scale BSM models!

Around 200 parameters in the fit !
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