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Pattern

Froggatt-Nielsen
mechanism
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A

* mixing angles

elegant explanation:
non-Abelian
discrete flavour symmetries

Too many O(1) coefficients

Works better for small mixing:

good for quarks, no for neutrinos Good for neutrinos, not

Complicated scalar sector.

for quarks

Mixings in the lepton and
hadron sector are unrelated?
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Experimental facts

we need to replace the bad relation with a promising one:

PMNS _ ( ) CKM same order of
813 Oll 612 magnitude

Flavor symmetries
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e 111
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good starting point



Experimental facts

Flavor symmetries

Corrections are needed from
charged lepton diagonalization

good results:

Altarelli et al.,
0903.1940

U PMNS— 7+ .U

cl v

introduced by hand (me/mu ~ A\*_)

sin” @15 = % ~ O(),C)
1
sin? fg; = —
2
S'].HQ]:;:%O(AC) [QPMNS:O(l).HCKM]
13 12
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Experimental facts

GUT: simple example from SU(5)

Let us take the electron and T
down quark relation: m,=mp

UPMNS:UZI'UV V CKM:U+ 'Ud

u

Let us diagonalize the matrices:

+ D + _ D
UclmeER _me UdmdDR _md

this implies
N P Y,

relations involve unobservable right-handed rotations
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Our approach

Our point of view:

assume a dependence of neutrino mixing on the CKM

3k

U PMNS — VCKMT

3k

Strategy:
- take T as the well know leading order results

- correct them to match the experimental values of
angles and phases

- check for neutrino mass predictions as well

T:U23< 6;3)U13(@3)U12( 512)

Parameter Best-fit value and 1o range
r= Am?, /|Am2_| 0.0295 £+ 0.0008
tan(fs) 0.666 £ 0.019
sin(fy3) 0.149 + 0.002
tan(#y3) 0.912 £+ 0.035

Jop —0.027 £ 0.010

Jep =TIm [(Upnns)11(Upnins) 1o (Upnins )3 (Uparns)22]

Is the ansatz successfull?



No CKM corrections
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No CKM corrections

3 3k

U PMNS — VCKM . T

T=U23( 9~23)U13<9N13)U12< §1J2>

tan s = 1/, with ¢ = (1+v/5)/2

f—t
-

1
- 0 C12 512 0
oyt P o 0 spo e 1
Tpy = B) 9 ﬁ T rp= ~ % 3 P T'or = V2 V2 %
Bi-maximal _1 _l i Tri-Bi- v%ﬁ —\% v% Golden sz G2 b
mixing \ 73 5 A m;‘axﬁ:’]rgal Ratio V2 V2 V2
no CKM corrections
sin( 6,5)=0 sin( 6,5)=0 sin( 6,5)=0
tan(6,;)=1 tan(6,;)=1 tan(6,;)=1
_ 1 245
tan(@ )_1 tan( 0,,)|=— tan( @..|= —
{ ) =3 (6. V5445

no CP violation !



CKM corrected results

3 3k

U PMNS — VCKM . T

1 sigma experimental band

r's

after CKM corrections I

0.5 sin(63)
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A 1, 3 1 4,013
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CKM corrected results

3k

U PMNS_ VCKM T

1 sigma experimental band

after CKM corrections I/\
0 \ 0.5 sin(B43)

T Siﬂ(ﬁilg) tan 5’13:] &Illilgg Jop 0.5 . |1 tan(623)

ALL

Ureum % 1 —1%}1?}%3
3
Usnt 7 1 _ f jr 1 F?An,\
5 3
Usr 5 k+eas 1 —gimAn

maximal atmospheric mixing



CKM corrected results

3 3k

U PMNS — VCKM . T

1 sigma experimental band

after CKM corrections |)7\
0 \ 0.5 sin(B3)

T Siﬂ(ﬁilg) tﬂlll:é'lg:] t&n(ﬁgg) Jop 0.5 * . |1 tan(6y)
A 1 3 1 ‘

Urpum 7 -7+ 3575 1 —f}ln, I

UBM % 1— \/E}‘- 1 m‘ﬁln 0.5 | | 1 tan(6so)
A 25 52 1 B BM GR TBM

Uer 7 mvEtswd 1 i

good for BM only



CKM corrected results

3 3k

[J PMNS — Ve T

NUFIT 6.0 (2024)

[ | 1 | I ,fl 1 |/I | | | 1 I |_

after CKM corrections N%-e i i

T Siﬂ(ﬁilg) t&ﬂ(ﬂlg:] t&n(ﬁgg) Jop : i

i L ﬁ _l 3 i | N |, o ]

Urm V2 V2 T 2v2 1 ﬁAn}h 004 -0.02 ! 0 0.02 0.04

U 25 1 —+/2) 1 AN Jop = JP2* sind

A e 5v2 1 3
Ucr V2 5rvE T BavE 1 ~ 57 ANA

too small CP violation



Corrections
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Corrections

How to correct the wrong predictions?

Tis a rotation, so:  T=U,(6s)U 5 (6)U,(6,,)

fr |

correction to 23 sector

correction to 12 sector

correction to 13 sector

—)f‘;|u|2 0 U\
1. Uys = 0 1 0

—utA 01— Xjuf?

JCPN)L*S(U)

u = complex parameter

0,, and 63 not much affected



Corrections

How to correct the wrong predictions?

Tis a rotation, so:  T=U,(6s)U 5 (6)U,(6,,)

s —

correction to 23 sector

0.5

1 tan(6ss)

ALL

1 0 0
). Ups = |0 25— dw — V2AZ? — 2033 14w
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Corrections

How to correct the wrong predictions?

Tis a rotation, so:  T=U,(6s)U 5 (6)U,(6,,)

A

correction to 12 sector
.

0.5 I 1 tan(6y2)

BM GR TBM

( K S12 + zA U\
3. Upp= |81 —2A K 0
\ 0 0 1)
z= real parameter
© fixed by fit
Atan(6,)~ Az




Conclusions

x> 4 parameter-fit of u, w and z: all patterns agree with experiments

— oUur ansatz U

PMNS __ V*

.T" is phenomenological viable

CKM
Pattern Re (u) Im (u) w 2
TBM 027 0.7 027 20.50
BM  -027 057 027 0.08
GR -0.27 - 0.57 -0.27 -0.73
/ ¢ : solar angle
CP violation atmospheric ?

angle
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CKM corrected results

U PMNS_ VCKM T

SRS T
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