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Introduction
Elementary fermions: “Quarks and 
Leptons“  each comes in three generations 
(families/flavour)

The masses of the charged fermions are 
highly hierarchical. Also, quark mixing 
elements.

The masses and mixings are the incalculable 
parameters of the theory.

Masses of different generations have certain 
correlations. 
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Radiative mass generation
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fβ fγ fα

X

Mass generation through quantum corrections (self-energy corrections). At 
leading order only third gen fermions are taken massive.

Here Yukawa couplings can be chosen 

Masses become computable parameters.

𝒪(1)

loop supression ∝
1

16π2

Steps:
1. Forbid tree level masses for lighter fermions by imposing new symmetries and 

new fields.

2. Postulate Flavour changing couplings to induce loop masses.

3. Check cancellations of divergences for loop masses.

: Intergeneration Mass 
Hierarchy 

Tree level: 3rd gen
Loop level: 2nd & 1st gen

Balakrishna P.R.L(1988) and few more,  Dobrescu etal JHEP (2008) , Weinberg P.R.D (2020), …

(getting infinities doesn’t mean non-renormalizability)
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fβ fγ fα

X

(δM)ij =
g′￼

2

4π2
qLi M(0)

ij qRj (b0[M2
Z′￼

, m2
3] − b0[M2

Z′￼
, m2

F])

Radiative Models with  : toy modelZ′￼

M(1)
ij = M(0)

ij + δMij = M(0)
ij (1 + C qLiqRi),

Doesn’t induce first
 generation masses

• All SM fermion masses are induced by
M(1)

ij = M(0)
ij + δM1ij + δM2ij Phy. Rev. D 106 (2022)7, 075020

• Tree level Rank 1 mass matrices

ℒm ⊃ μLi f̄LiFR + μRi F̄L fRi + mF F̄LFR + h . c

ℳ = (03×3 μL

μR MF) ⟹ M(0)
ij = −

μLiμRj

MF
;

• FCNCs are induced through

ℒg ⊃ g′￼Z′￼μ (qLi f̄Liγμ fLi + qRi f̄Riγμ fRi ) qL,R ⟶ Q(0)
L,R = U(0)

L,R
† qL,R U(0)

L,R

• Finite loop masses

m3,4



FCNC constraints
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jμ
Z′￼

= g′￼ ∑
f=u,d,e

((Xf
L)ij

fLi γμ fLj + (Xf
R)ij

fRi γμ fRj) , Xf
L,R = Uf†

L,R qL,R Uf
L,R ,With

• Quark flavour violations

 mixing:K0 − K̄0
C1

K =
g′￼

2

M2
Z′￼

[(Xd
L)12]

2
, C̃1

K =
g′￼

2

M2
Z′￼

[(Xd
R)12]

2
,

C5
K = − 4

g′￼
2

M2
Z′￼

(Xd
L)12 (Xd

R)12
JHEP 10 (2019) 188

ℋeff
M =

5

∑
i=1

CM
i QM

i +
3

∑
i=1

C̃M
i Q̃M

i

JHEP 03 (2008) 
049: UTfit

For  couplings:𝒪(1) MZ′￼
≥ 107 − 108GeV



Symmetry deconstruction:

• At tree level:
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Optimising flavour violations 

Mass Lagrangian Gauge Lagrangian 

ℒm ⊃ m3 f̄L3 fR3 + m4 f̄L4 fR4 + h . c,
Q(0)

L,R ≠ Diag(q, q, q′￼)If
ℒ(0)

m : U(2)L × U(2)R ℒ(0)
Z′￼

doesn't respect U(2)L × U(2)R

• In the massless limit, Lagrangian will have a global  symmetryU(3)L × U(3)R

Q(0)
L,R = U(0)

L,R
† qL,R U(0)

L,R

• At 1-loop level:

M(1)
ij = M(0)

ij + δMij = M(0)
ij (1 + C qLiqRi),

ℒ(1)
m : U(1)L × U(1)R

For (Q(1)
L,R)12, (Q(1)

L,R)13 ≠ 0 Then

ℒ(1)
Z′￼

breaks U(1)L × U(1)R

• At 2-loop level:

U(1)L × U(1)R

at 2-Loop
U(1)FN



Choice of gauge charges
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• Suppressed  and first gen. masses can be obtained if we choose Q12

qL = qR =
1 − ϵ 0 0

0 1 + ϵ 0
0 0 −2

ℒ(0)
Z′￼

: U(1)L × U(1)R

ℒ(1)
Z′￼

doesn't respect U(1)L × U(1)R

(Q(1)
L )13

=
(qL2 − qL1)(qL3 − qL1)

N (qL3 − qL2) ( μL1

μL3
(U(1)

L )33
−

μL1

μL2
(U(1)

L )23)(Q(1)
L )12

=
(qL2 − qL1)(qL3 − qL1)

N (qL3 − qL2) ( μL1

μL3
(U(1)

L )32
−

μL1

μL2
(U(1)

L )22)
(Q(1)

L )23
= (qL3 − qL2) (U(1)

L )
*

32 (U(1)
L )33

− (qL2 − qL1) (U(1)
L )

*

12 (U(1)
L )13

.

 doesn’t generate first generation masses and doesn’t contribute to 
flavour violations involving first two family fermions.
ϵ = 0



A  ModelU(1)F
Two loop corrected mass matrix
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(M(2)
f )ij

= (M(0)
f )ij (1 +

g′￼
2

4π2
qLi qRj (b0[MZ′￼, m(1)

f3 ] − b0[MZ′￼, mF]))
+ (δM(0)

f )ij (1 +
g2

X

4π2
qLi qRj b0[MZ′￼, m(1)

f3 ])
+

g′￼
2

4π2
qLi qRj (U(1)

fL )i2(U(1)
fR )*j2 m(1)

f2 (b0[MX, m(1)
f2 ] − b0[MX, m(1)

f3 ]) ,

With
(M(0)

f )ij
= −

μfiμ′￼fj

MF
,

25 real parameters

(M(2)
f )ij

= (M(1)
f )ij

+ (δℳ(1))ij

μfi = yfi⟨Hfi⟩, μ′￼fi = y′￼fi⟨η*i ⟩,



Numerical fitting 

10

χ2 = ∑
i (

Oi
th − Oi

exp

σi )
2 We obtain solutions for two cases:

1. Case A : Ordered sμ
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Case B

2. Case B : Strongly Ordered sμ

i = 1,...,13
(13 observables)

: Theoretical valuesOi
th

: Experimental valuesOi
th

: Errors of i’th obs.σi

|μf1 | < |μf2 | < |μf3 | ,
|μ′￼f1 | < |μ′￼f2 | < |μ′￼f3 | .

μd1

μd2
,

μ′￼d1

μ′￼d2
< 0.1 and Case A



Phenomenological analysis 
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For LFV process, stringent constraints are 
given by  conversion in nuclei 

(SINDRUM II) and .

μ → e
μ → eγ
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Summary
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• Two important improvements compared to our previous work.

1. First gen masses are generated at two loop level.

2. A single U(1) can incorporate the mechanism.

• Flavour deconstruction analysis predicts optimum flavour violations. Our 
model predicts  GeV or higher.MZ′￼

= 106

• Radiative mechanism explains the origin of hierarchy as well as 
makes masses computable parameters (partially).



Thank You


