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1.  Why are charged-fermions masses ? Why up-type quarks
the most hierarchical? Why among generations?

2. Why are neutrino masses ? Why for leptons?
What’s their ?

3. are neutrino masses ? are them so ? Are
neutrinos mostly ?

4.  What’s the origin of the three families?

5. What’s the physics behind CP violation?
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Flavour Symmetries

and generalised CP transformations

Froggatt-Nielsen Mechanism

P P H
e e Yukawa couplings may be effectively
7 ¢ generated after the spontaneous breaking of a
Y flavour symmetry by some scalar fields called
I I flavons.
> ©O>—<€ X > —<—
X X X X
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The leptonic sector, where the mixing

pattern seems to be specially well defined, NQUtran

the use of discrete symmetries has been

particularly popular. T e X t u ]_a e S

A5 > (Golden Ratio Mixing
Golden Ratio tan 61 @ sin? 63 = 1/2
cosflp sinfi, 0
0 sin 61, __cos b, 1
Upwns ~| 2 G
sinfi  cosbip 1

V2 V2 V2



Majorana neutrino mass matrix is the most
general matrix symmetric under i = 7 x 7.

Neutrino
Textures

A5 > (Golden Ratio Mixing
Go]den sin 03 = 1/2
cosflp sinfi, 0
0 sin 61, __cos b, 1
Upmns ~| 2 V2 Vi
sin 61> _cosf 1

X Yy y
MI/N y z Ww
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Majorana neutrino mass matrix is the most .
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one may assume the existence of residual

symmetries: Klein group for neutrinos
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Majorana neutrino mass matrix is the most
general matrix symmetric under i = 7z} x z5. Then,

one may assume the existence of residual
symmetries: Klein group for neutrinos and an

Abelian  group (which distinguish among
generations) for the charged sector.

Charged Leptons

QTmZmeQ: mlme —> /N C Ag

Neutrinos

STM,S=M, & UTM,U=M,
K = {S,U,US,E}

Residual
Symmetries
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patterns, non diagonal charged leptons, e Sl ua
Symmetries
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decreasing the symmetry neutrino sector #tei
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Solutions: NLO
patterns, non

decreasing the symmetry neutrino sector #tei
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.. Residual symmetries that reproduce Uppys?
M ].X ]. n g Residual Symmetry in the neutrino sector is G, = Z, x CP

All possibilities for CP transformations: X =V Xy, V € Zs X Zs
A5 and CP } gV’ ge All possibilities for charged leptons: Z;, 7, x Zy, 7

All possible row and column permutations for Upyns = Q2 Ry K,
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A5 and CP _> gl/7 ge

A. Di lura, C. Hagedorn, D. Meloni
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Only 4 patterns

at 3o or better

Residual symmetries that reproduce Uppys?

Residual Symmetry in the neutrino sector is G, = Z, x CP
All possibilities for CP transformations: X =V Xy, V € Zs X Zs
All possibilities for charged leptons: Z;, 7, x Zy, 7

Case I Case II Case III Case IV-P1 Case IV-P2
(@, Z2.X) | (T, 77817872, 8X5) (T ST*8T . X5) (T7 81", 8T° 8T8, Xyp) ({8, 17 8T*ST*}., 8T* 8T, Xy)
NO 10 NO 10 NO (0] NO IO NO 10
X2 5.64 3.46 4.04 7.74 8.84 12.56 448 | 11.80 | 6.19 | 6.43
Ot 0.174 2.967 { g;g? { gggi { 882:’; 0.254 | 0.258 | 0.255 | 0.254
sin?612 | 0.283 0.283 0.283 0.283 0.341 0.341 0.331 | 0.330 | 0.331 | 0.331
sin?613 | 0.0217 | 0.0219 0.0218 | 0.0220 0.0217 0.0218 | 0.0219 | 0.0225 | 0.0220 | 0.0218
sin?fp3 | 0.408 0.592 0.5 0.5 0.475 | 0.478 | 0.524 | 0.525
Jop 0 0 F0.0325 | F0.0326 | +0.0342 | £0.0342 0 0 0 0
sin 0 0 0 ¥l = 0 0 0 0
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Residual symmetries that reproduce Uppys?

Residual Symmetry in the neutrino sector is G, = Z, x CP
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Only 4 patterns

at 3o or better

Residual symmetries that reproduce Uppys?

Residual Symmetry in the neutrino sector is: G,, = Zo x CP

A5 and CP _> gy, ge

All possibilities for CP transformations: XO
All possibilities for charged leptons: Z5

Case 1 Case 11 Case 111 Case IV-P1 ‘ Case IV-P2
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anin 5.64 3.46 4.04 7.74 8.84 12.56 4.48 11.80 6.19 6.43

0.175 0.604 0.603

Opt 0.174 2.967 { 9 967 { 0.967 { 0.967 0.254 | 0.258 | 0.255 | 0.254
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A5 and CP — gz/7 ge

Upnins = QRy K, Case

sin?0y3 = 1/2  sin%6y =

sin?¢p . 2 24 .9 _
T sin“013 = —— sin 0 {Hbf = 0.175} (Z5’ Z2’ XO) II
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A5 and CP _> gy, ge

a-1: RH and LH fields same 3 rep.

a-2: RH and LH same 3 rep.
c-2: RH and LH different 3 reps.
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Results

hep-ph/1811.09662

> Three free parameters:

setting one or two vevs equal to
zero.

Mechanism I VEVs [a, 8] Mechanism II a-1 VEVs [a, 8]
y~ +0.19z Y ~ 4019 X [0, /0]
z=0] NO 0] z=0| NO
s~ —20x S~ X, 44X
y~ +0.16 2 Y ~+40.16 X m, w/m/0
z=0] 10 Y N S X=o0| 10 [ w/m/0)
s~ —0.3z S~ —Z/4,7/3,2Z/3
y~ £0.102
s=o0] 10 Y [, 0] s=o0| 10 x X
s~ —0.3z2
Mechanism II a-2
g=20 VEVs h; =0 VEVs
f=0 NO g~ +h,5/10 h,~0 =0 NO hi ~ +h, /5 hy~0
10 g~ tho/2  h,~—dh,, 10 h; ~ +2h,,/5 h, ~ —4h,,
~ +h, /100 h; ~ £0.19h,.,
h.=0| NO 9 = theaf h.=0] NO ' 2
fo —Th.2/20 £~ 20h,
~ +7v/6h,. /40 h; ~ +0.16h,.
hz=0] 10 e A T/Ghs hz=0] 10 : :
f = h./(2V6) f =~ h./(2/6)
Mechanism II c-2
fr=0 VEVs h; =0 VEVs
fi=0 NO fr~xh /25 h.~—h.» fi=0 NO hi ~ +h, /10 h, ~ —h,»
10 fr~xh /10 h, >~ h,» 10 h; ~ +h, /10 hy =~ hyo
e R o /B by ~ +0.03h,
h,=0| NO f t2/80 h,=0 | NO ' 0-0802
fi =~ —h.2/(2V/6) fi = —he2/ (2V/6)
f, o +h, /100 h; ~ +h, /10
h,2=0] 10 hya=0| 10
fi = b/ @VE) fi 2 he/(2V6)




Results

hep-ph/1811.09662

>  Three free parameters:
setting one or two vevs equal to
zero.

> Allowed ordering

Mechanism I VEVs [a, 8] Mechanism II a-1 VEVs [a, 8]
y~ +0.19z Y ~ 4019 X [0, /0]
z=0 | NO [0, 0] z=0 | NO
s~ —20x S~ X, 4X
y~ +0.16 2 Y ~+40.16 X m, w/m/0
z=0 | 10 |7 N S X=0 | 10 [ w/m/0)
s~ —03z S~—2/4,7/3,2Z/3
y~ £0.102
s=0 J 10 |7 (7, 0] s=o0 | 10 x X
s~ —03z
Mechanism II a-2
g=20 VEVs h; =0 VEVs
f=0 NO g~ +h,5/10 h,~0 =0 NO hi ~ +h, /5 hy~0
10 g~ tho/2  h,~—dh,, 10 h; ~ +2h,,/5 h, ~ —4h,,
~ +h, /100 h; ~ £0.19h,.
h.=0 | NO gr=ohial h,=0 | NO ' 2
foe —Thys/20 f o~ 20h,,
~ +7v/6h, /40 h; ~ +0.16h,.
ha=0] 10 e A T/Ghs 2=0 | 10 : :
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Relations among LF'V observables in the charged sector
and the neutrino mass observables.
e S u tS This allows to disentangle cases that initially were not
distinguishable.
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. i . LFV process Current Bound Future Bound
® SUSY breaking transmission ~ Mpjanck
BR(p — ey) | 4.2 x 1071 (MEG at PSI) 6 x 10714 (MEG II)
® Flavour scale ~ GUT scale ~ A’f N B I
CR(u—e)a, - 10717 (Mu2e, COMET)
[ evolution ~ RGE ] (SARAH , SPheno) BR(7 — e7) 3.3 x 1078 (BaBar) 5x 1077 (Belle II)
BR(7 — 1) 4.4 x 1078 (BaBar) 1072 (BelleII)
BR(7 — eee) 2.7 x 1078 (Belle) 5x 10719 (Belle II)
YEW scale ~ observables
BR(7 — ppupe) 2.1 x 1078 (Belle) 5x 10710 (Belle II)




