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Motivations to physics beyond the SM 
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Flavour anomalies

 Successes
• All predicted particles have been 

discovered
• The features of fundamental 

interactions correctly described

The Standard Model
Unsolved issues

• Gravity not included
• No dark matter explanation
• Neutrino masses
• CP asymmetry not sufficient to explain the 

observed universe
• Instability of the Higgs mass under radiative 

correction
• Hierarchy among the fermion masses

Furthermore, several anomalies 
in the flavour sector
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No results from 
direct searches

at colliders

Effective field 
theories help explore

virtual effects
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Standard Model as an Effective Field Theory

Λ!"#

Fermi

SM

𝑚! (𝑊 mass)

𝑣 (EW breaking)

Λ (new physics)

BSM

SM as low energy theory of a 
more fundamental one

Unknown BSM theory

Extention of the SM Lagrangian with higher 
dimensional operators weighted by Λ"#  

LνSMEFT = LSM +
∑

d>4

∑
i

C
(d)
i

Λd−4 O
(d)
i

Dimensionless Wilson Coefficients

𝑑 dimension operators 
only SM fields

Invariant under
 𝒢$% = 𝑆𝑈 3 &× 𝑆𝑈 2 '×𝑈 1 (

For 𝜇 ≪ Λ
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A simple extension: 𝑈(1)′
𝒢)$% = 𝒢$% ×𝑈 1 *

𝑍* New gauge field
𝑔+ Gauge coupling
𝑧,, 𝑧- z-hypercharges 
of fermions and Higgs

LZ′

= LZ′

free + LZ′

int,fermions + LZ′

ϕ

LZ′

free
= − 1

4
Z ′

µνZ
′µν +

1

2
M2

Z′Z
′

µZ
′µ

Z ′

µν = ∂µZ
′

ν − ∂νZ
′

µ

LZ′

ϕ = gH

(

ϕ† i
↔

Dµ ϕ

)

Z ′µ

LZ′

int,fermions =
∑

ψ gZ zψ ψ̄γ
µψZ ′

µ =
∑

ψ

[

(

∆
ψ
L

)ij

ψ̄i
Lγ

µψj
L +

(

∆
ψ
R

)ij

ψ̄i
Rγ

µψj
R

]

Z ′

µ

(

∆
ψ
L,R

)ij

= gZ zψ δij

UV Lagrangian involving 𝑍*:

ϕ† i
↔

Dµ ϕ = ϕ† (iDµ ϕ)−
(

iDµ ϕ
†
)

ϕ

Dµ is the SM covariant derivative

For 𝜇 ~ Λ

Free term

Fermion interaction

Higgs interaction

mass of the 𝑍$ after SSB

gH = gZ zH
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𝜈SMEFT Lagrangian from 𝑈 1 ! extension

L
(6)
Z′ = C!! O!! + C

(1)
qq O

(1)
qq + Cee Oee + Cuu Ouu + Cdd Odd + C

(6)
νν O

(6)
νν

+ C
(1)
!q O

(1)
!q + C

(1)
ud O

(1)
ud + Ceu Oeu + Ced Oed + C!e O!e + C!u O!u

+ C!d O!d + Cqe Oqe + C
(1)
qu O

(1)
qu + C

(1)
qd O

(1)
qd + Cνe Oνe + Cνu Oνu

+ Cνd Oνd + C!ν O!ν + Cqν Oqν + Cϕ! Oϕ! + CϕD OϕD + Ceϕ Oeϕ

+ Cuϕ Ouϕ + Cdϕ Odϕ + Cνϕ Oνϕ + C
(1)
ϕ! O

(1)
ϕ! + Cϕe Oϕe + C

(1)
ϕq O

(1)
ϕq

+ Cϕu Oϕu + Cϕd Oϕd + Cϕν Oϕν + h.c. .

𝜇
Λ𝑣 ≪ Λ

LUV = LZ
′

+ LSMLνSMEFT
RGE + MATCHING

𝜈SMEFT operators of 𝑑	 = 	6	dimension after 𝑍* integration

Wilson coefficients depend on the parameter of the UV theory: 𝑔+ , 𝑧,, 𝑧- and 𝑍* mass  
Blue terms are 0 for this extension 
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Relations from the gauge group structure

[

Cψ1ψ2

]

ijkp
= ±2

√

[

Cψ1ψ1

]

ijij

[

Cψ2ψ2

]

kpkp

[

Cψψ
]

ijkp
=

[

Cϕψ
]

ij

[

Cϕψ
]

kp

CϕD

[

Cψ1ψ2

]

ijkp
= 2

[

Cϕψ1

]

ij

[

Cϕψ2

]

kp

CϕD

Few parameters to express 
all Wilson coefficients Relations among them

Generation indices

Wilson coefficient ≠ 0 only if 𝑖 = 𝑗 and k = 𝑝 
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Relations from the gauge group structure
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Defining   i = ii

Coefficients structure synthetized
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Constraints from Anomaly Cancellation Equations
(ACE)

U'(l) 

A 
SU(3) SU(3) 

A33z = 2 z
(1)
q − z

(1)
u − z

(1)
d = 0

U'(l) 

A 
SU(2) SU(2) 

A22z = 3 z
(1)
q + z

(1)
! = 0

U'(l) 

A 
U(l) U(l) 

A11z =
1
6 z

(1)
q −

4
3 z

(1)
u −

1
3 z

(1)
d

+ 1
2 z

(1)
!

− z
(1)
e = 0

U'(l) 

A 
grav. grav. 

AGGz = 2 z
(1)
!

− z
(1)
e − z

(1)
ν = 0

z
(n)
ψ =

∑3
i=1 z

n
ψi
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Constraints from Anomaly Cancellation

U'(l)

U(l) U'(l)

U'(l)

U'(l) U'(l)

A1zz = [z(2)q − 2 z(2)u + z
(2)
d ]− [z(2)! − z

(2)
e ] = 0

Azzz = 3 [2 z(3)q − z
(3)
u − z

(3)
d ]

+[2 z(3)
!

− z
(3)
ν − z

(3)
e ] = 0
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Relations among coefficients
C̃

(n)
ϕψ =

∑3
i=1

(

[

Cϕψ
]

i

)n

i = ii

z-hypercharge dependence

zψi
= −

M2

Z′

gZ
1

gH

[

Cϕψ
]

i z
(n)
ψ =

(

−

M2

Z′

gZ
1
gH

)n

C̃
(n)
ϕψ

A33z → 2 C̃ϕq − C̃ϕu − C̃ϕd = 0

A22z → 3 C̃ϕq + C̃ϕ" = 0

A11z → C̃ϕq − 8 C̃ϕu − 2 C̃ϕd + 3 C̃ϕ" − 6 C̃ϕe = 0

AGGz → 2 C̃ϕ" − C̃ϕe − C̃ϕν = 0

A1zz → C̃
(2)
ϕq − 2 C̃

(2)
ϕu + C̃

(2)
ϕd − C̃

(2)
ϕ" + C̃

(2)
ϕe = 0

Azzz → 3 [2 C̃(3)
ϕq − C̃

(3)
ϕu − C̃

(3)
ϕd ] + [2 C̃(3)

ϕ" − C̃
(3)
ϕν − C̃

(3)
ϕe ] = 0

C̃ϕq =
C̃ϕu+C̃ϕd

2

C̃ϕ" = −3 C̃ϕq = −3
C̃ϕu+C̃ϕd

2

C̃ϕe = −2 C̃ϕu − C̃ϕd

C̃ϕν = −C̃ϕu − 2 C̃ϕd
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Example I: 
𝑍* universal and only coupled to the third generation

zψ3
= zψ

zψ1
= zψ2

= 0
zψ1

= zψ2
= zψ3

= zψ

Universal coupling
Only third 

generation coupling:

[

Cϕψ
]

3
= C̄ϕψ

[

Cϕψ
]

1
=

[

Cϕψ
]

2
= 0

[

Cϕψ
]

1
=

[

Cϕψ
]

2
=

=
[

Cϕψ
]

3
= C̄ϕψ

C̃
(n)
ϕψ =

(

C̄ϕψ
)n

C̃
(n)
ϕψ = 3

(

C̄ϕψ
)n

Same constraints 
from the linear ACE 

6 coefficients and 4 linear relations

Correlation plots varying 
C̄ϕd, C̄ϕe ∈ [−1, 1]
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Example II: 
𝑍* only coupled to left-handed fermions

z!i != 0 zqi != 0

Only left-handed coupling

C̃ϕq = C̃ϕ" = 0

6 parameters

2 constraints 
from linear ACE

2 constraints from 
quadratic and cubic ACE

6 coefficients and 4 constraints
Correlation plots varying 
[Cϕq]3 , [Cϕ"]3 ∈ [−1, 1]

Correlations among coefficients produce 
correlations among observables
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Conclusions and perspectives
SM might not be the ultimate theory 

LO of an EFT SMEFT/𝜈SMEFT

Effects of new physics 
in its parameters 

Constrained by experiments or 
theoretical assumptions
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Results guide experimental searches and global fits

Future Work: Include experimental data to refine constraints.

Explored U(1)ʹ with νSMEFT : 
• Gauge structure relations between coefficients

• Gauge anomaly cancellations significantly narrow
down coefficients space
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