
We employ Effective Field Theories (HQET, SCET, ...) to separate perturbative physics
from universal non‐perturbative inputs:

LCDAs appear in factorization theorems

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

based on M. Beneke, GF, K. K. Vos, Y. Wei 2305.06401



N E U T R I N O  M A S S E S  A N D  U N I TA R I T Y  V I O L AT I O N  F R O M  
H I G H E R  S U ( 2 )  R E P R E S E N TAT I O N S
S I M O N E  M A R C I A N O  -  U N I V E R S I TÀ  D I  R O M A  T R E  -  I N F N

S. Marciano, A. Giarnetti, D. Meloni, J. H. Garcia, D. Vatsyayan
arxiv: 23XX.XXXXX]



Cortona, 28/09/23  Neutrino masses from new Weinberg operators arxiv: 23XX.XXXXX

c(0)
5

Λ
LLHH +

c(1)
5

Λ
LLHϕi +

c(2)
5

Λ
LLϕiϕi +

c(3)
5

Λ
LLϕiϕj

List of genuine models

no 2HDM 

(SU(2),Y)

≥ 2

0 1 2 3 4 5 6
0

1

2

3

4

5

6

v1 (GeV)

v 2
(G
eV

)

Model B1

0 1 2 3 4 5
0

1

2

3

4

5

v1 (GeV)

v 2
(G
eV

)

Model B2

0 1 2 3 4 5 6
0

1

2

3

4

5

6

v1 (GeV)

v 2
(G
eV

)

Model B3

0 1 2 3 4
0

1

2

3

4

v1 (GeV)

v 2
(G
eV

)

Model B4

Figure 1. 95% allowed regions for the new Higgs multiplets vevs in the B models.

Model v
max

1 (GeV) ⇤(GeV)

A1 3.29 1010

A2 2.64 108

Table 3. 95% CL limits on the new Higgs multiplet in the A models and order of magnitude of
the heavy mediator mass in the A models. The values in the second column have been obtained
considering Yi ⇠ O(1) and the m⌫ ⇠ 1 eV .
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vi < 𝒪(GeV) ≪ v so Λ ⇓

see also McDonald JHEP 07 (2013) 020
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Figure 2. On the left (right) the tree-level operator with mass dimension d = 9 (d = 11) involving
the vector-like fermion F ⇠ (5,�1), the scalar quadruplet �1 ⇠ (4, 1/2), the scalar quadruplet
�2 ⇠ (4,�3/2) and the usual Higgs doublet � ⇠ (2, 1/2).

leading to operators with mass dimension d > 5. Let us consider for example the model
B1. In this model, there exist couplings as ��1�1H

3
� �2�2H

3, which provide induced
vevs for the BSM scalar fields �1,2, such as:

h�ii ' �i
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The suppressed seesaw neutrino mass reads:
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h�1i h�2i

M⌃
⇠

hHi
6

M⌃m
2
�1
m

2
�2
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Therefore, the neutrino masses are produced with a low-energy operator with a mass
dimension d = 9, namely O⌫ = L

2
H

6
/M

5, where M is a common mass scale denoting
all the dimensionful parameters M⌃,m�1,2 .
But that’s not all. Indeed, the scalar potential includes another term: �1�2H

2. Thus,
after the SSB, the induced vev of �1 acquire a contribution as

h�2i ' 
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. (4.9)

Then the low energy operator contributing to the neutrino masses is

m⌫ '
h�1i h�2i
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. (4.10)

Neutrino masses get contributions from an operator of dimension d = 11, namely m⌫ ⇠

L
2
H

8
/M

7. The result is that the neutrino masses are obtained by two e�ective operators
with mass dimension d = 9, 11, the diagrams of which are shown in fig. (2).
The same reasoning and similar computation applies for all the other models, as pointed
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