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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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g Radiative mass generation
* Mass generation through quantum corrections (self-energy corrections). At

leading order only third gen fermions are taken massive.

Tree Ievelzﬁrdgen X - Here YUKGWG COUPIingS can be Chosen @(1)
LooP level: 2nd & 1st gen
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1 Intergeneration Mass
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* loop supression

fﬁ fV fa
- - . * Masses become computable parameters.

Balakrishna PR.L(1988) and few more, Dobrescu etal JHEP (2008) , Weinberg P.R.D (2020), ...
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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.
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3. Check cancellations of divergences for loop masses.

(getting 1nfinities doesn’t mean non-renormalizability)
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Radiative Models with Z' : toy model

. ® Tree level Rank 1 mass matrices —

L L, D uy frlr +//iRiFLfRi + My FLFR+h.c

0 i

§§ % - ( 3X3 ”L) : M(O) - //tLl//tR] ; fﬁ fv f&
i 'MR MF Y MF > > >

| M3 4

® FCNCs are induced through

| — , 0O L 1 0
.{ g 28 Z (QLZ sz}/ sz T qg; le}/ fRz) — QL,R Q( : U( . q Ul(z,l)i
|

!

| ® Finite loop masses
A /2

| ; (5M)ij - 472

MO = MO 1 5M, = MO0+ Cgig),

QLlM 7 QR] (bO[Mz’ 32] 7 bO[MZ” m}%]>
Doesnt induce first

| generation masses
)

| 9 All SM fermion masses are induced by
M) = M +6M,; + 5le]

Phy. Rev. D 106 (2022)%7, 075020
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FCNC constraints
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K= 3 : el = e 9:9; _ -a B =8 o JHEPOS (R008) |
4 w1 (L 3 7 GRGLYGRSGL - 040, st L
5 d d .
oo = =4y ) 80, = Gty
For O(1) couplings: M, > 107 — 108GeV 19 = Crdin o ; -
Observables Experime_ntaﬁ_ limit Observables Experimental limit Flavour cbaervables Experimental limit
ReC’, —9.6,9.6] x 10~13 Cr <72x 10713 BRI — €] —70x 10~
ReC'% —9.6,9.6] x 10~ C: <T72x10713 - : —
ReC% —3.6,3.6] x 10~1° C3 < 4.8 x 10~ gg.—“ I 336] < 12'01X 11%_8
ReC?. —1.0,1.0] x 10~ C?, <48 x 10713 T — 3y sl s
CL <23x10 1 CL <11x10° BR{r — 3e] < 2.7 > 1077
Y <23x1071 L <1.1x107° BRIy — e < 42107
oY <2.1x 10713 Y <1.6x 1071 BR7 — p/ < 44107
o3, < 6.0 x 10713 o <4.5x 1071 BR[T — 9 <3.3x10




Symmefry deconstruction: Optimising flavour violations
‘@ In the massless limit, Lagrangian will have a global U(3); X U(3), symmetry

® At tree level:
Mass Lagrangian '

Z,, D my fisfes + my frafeath.c,
Y Uy, X UQ);

Gauge Lagrangian

00 = U0t 4 n UQ
If Oy # Dlag(q, q,q)
20 doesn't respect U2); X U2)p

® At 1-loop level: £

| For (015 (Q0)13# 0 Then
20 Uy, x U '

ZV breaks  U1), x U()y

e At 2-loop level:

at 2_~Lool:>
U(I)Lx U(I)R > U()py
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(912 — 903 — qr1) [ Mo i (912 — qriqis — qr1) [ Mo
Y Ao (o) _H (g Yy BLL () 0 HE
<QL )12 \/N(Clm—%z) ('MB( ;s )32 'ML2< . )22) <QL )13 \/N(QB_QLz) (MB( - >33
Ay DYy Ay
<QL )23—(%3 qr2) <UL )32<UL )33 (912 — 911) (UL )12<UL >13°
'@ Suppressed O, and first gen. masses can be obtained if we choose
l — €
: 8 Z) - Uiy, XU,
4dr = {p = () 1 + € ()
() () -2 SZ(ZI,) doesn't resl:)ect U(l); X U(1)p
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Choice of gauge charges

¢ = 0 doesnt generate first generation masses and doesnt contribute to
flavour violations involving first two family fermions.
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(13 observables)

tlh: Theoretical values

.+ Experimental values

c's Errors of ith obs.
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Summary

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

'@ 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.

0 Flavour deconstruction analysis predicts optimum flavour violations. Our
 model predicts M, = 10° GeV or higher.
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