R_elatina masses and mixinag anales
38 Mmodel-independent model

Wolfgang Gregor Hollik and Ulises Jestus Saldafia—Salazar
[Nuclear Physics B 892 (2015) 364-389]

Cinvestav
DESY Hamburg Departamento de Fisica
Theory CINVESTAV, México

29. Februar 2016| DPG Friihjahrstagung, Hamburg

w. . v. | —



In the Standard Model: 19

gauge sector: g1, g2, g3
Higgs sector: mpg, v

lepton masses:  m, My, Mmr

quark masses: My, Mg, Mg, Me, Mp, My
CKM angles: 9GKM, gEKM - CKM
CKM phase: §CKM
f-parameter: 0

| A\

Neutrino oscillations? At least + 6

PMNS angles:  97MNS, gPMNS & gPMNS
PMNS phase: §PMNS
neutrino masses: mg?, Am?,, Am3,

Most of the SM parameters are in the masses/mixings-sector.
Observation: m; > me >> my, my > mg > mq, my > my, > m.

W. G. H.
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Empirical relation

Cabbibo angle:

mq
Oc ~ ] —
mg

+ small correction from X

approximation: large hieraréhy mg <K My

GST-like mixing angles follow from mass matrices with a structure

0 mims
MMz(nl g )
1ma M2 mi
my

= e < 1, most general mass matrix
ma2

o) ) o) 0
M~ (G5 o) i~ (G 56)
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Singular Value Decomposition
—Ly D Y;Jl_;z - Rj + h.c.
diagonalize Y as S; Y S}E{ =X

Large hierarchy in singular values: Y17 < Ygs < Y33
Schmidt—Eckart—Young—Mirsky theorem

lower-rank approximation, take Sy, r = [57,/r,1,51/R,2) 51/R 3):

L. S ot \M2 | L 4
M=mg || S,1—Sp, +S52S — + §1,38
1, SR 25R2 | 1o 35R,3




Singular Value Decomposition

—Ly D Y;Jl_;z - Rj + h.c.
diagonalize Y as S; Y SE =X

Large hierarchy in singular values: 311 < Y99 < X33
Schmidt—Eckart—Young—Mirsky theorem

lower-rank approximation, take Sy, r = [57,/r,1,51/R,2) 51/R 3):

L Myt N .
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Rank one approximation




Singular Value Decomposition

—Ly D Y;Jl_;z - Rj + h.c.
diagonalize Y as S; Y SE =X

Large hierarchy in singular values: 311 < Y99 < X33
Schmidt—Eckart—Young—Mirsky theorem

lower-rank approximation, take Sy, r = [57,/r,1,51/R,2) 51/R 3):
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M = mg |:<SL_1”SF‘{A]—|—SL728; 2) = 9F 8L733]£3:|
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Rank one approximation
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W. G. H.
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Mmatrices

Minimal breaking of maximal
flavor symmetry

SM gauge interactions w/o
Yukawa couplings (+rh vs):

U(l)B X U(l)L

rank = 0 — rank = 3 )

W. G. H.

The “flavor blind principle”

Yukawa couplings are “flavor

blind"
1 11
Y ~[|1 11
1 11

and/or obey special symmetries

a a [
Yo=|a a A
B2 B2 v

Sk x SE — Sk x SE — 554 54




JSS 20151

no masses
flavor symmetry: U(3)123

M =

o O O
o O O
o O O
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, LLJSS 20151

ms 75 0
remnant flavor symmetry: U(2)12

m3 m3 ms3
M,_; = m3 m3 Mms | — ms
m3 m3 ms3

o O O

00
0 0
01

w. . v. | —



IS e Rinaal FleVOr sytetry \WGH, UJSS 2055]

mas > mag # 0
remnant flavor symmetry: U(1);

0 0 0
M,_35=10 0 mMoms

0 \/Maomsz 13 — My




I Reevexithel Hlavor sytertry LwGH, LISS 2051

ms3 > mo > my 74 0
global symmetry: U(1)p, where F = B, L

M= |* mo =*

corrections O(my) everywhere

Chain of successive rotations

m mim m3 m
R =Rj2 (—1) Ri3 ( : 3 2) Ry3 (—3 Ri3 <—1>
mo mg mg ms

X Ras (ml?Z) Ras (ﬁ) Ros @>
m3 ms3 m3




So far:
@ hierarchical masses
e expectation: tan ;; = \/m;/m; with i < j
@ be aware that mass matrices are arbitrary complex matrices

@ finally only one complex phase remains

m; ,—id;;
m; 1 1 \/ m_je !
R Eﬂsz’j = T [m; i 1
_ cos 0;; sin 6;; el
 \—sinf e %  cosby
puzzle:
@ What to do with the complex phases?

@ possible interferences



IIESAStruction of the weak current matrix
The origin of the CKM matrix

igo _ g2 ) au dat
Lcc = —Z=WhapyHdy, + hee. » ——Z2Wra, SUAa*S% " d; + h.c.
cC Vo LY ar J2 L2, UL
Vekm

Verm = S §41

Vierm = Vaz (05 V 13(09M scm) Vi (05M)

1 0 0 C13 0 Slge_i(sCKM ci2 S12 0
=10 C23 S93 0 1 0 —S812 C12 0
0 —823 (€23 —Slgei dckm 0 C13 0 0 1
C12€13 $12€13 s13e1ocKM
= | —s12c03 — C12523513€19KM  c1oca3 — s12893513€ OCKM 523C13
$12893 — C12C23513€19CKM  —C19893 — s19C93513€! OCKM €23C13
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We deconstruct the CKM matrix as Vckm = ST (S‘ﬁ)

_ glyu (T L,u [ MuMc ¢ My
- sts® () st (%) st () st ()
SL, u [ MuMMe SL’ u [ M SL, U ﬁ) ’
X Doa3 ( m2 2\ m, 23 .
L,df 0 L,dt [Ta (1 L, dt [ Tdams (2
S = Sy (mb 553)) Sy3 (m—ba5§3)) Sa3 (m—%ﬁés))

L,dt [ Md (0 L, df m2 L, dt [ Mams (2
s (o) o (2.0 s (5

b
L, dtf
><512 (m 512)
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Final mixing matrix elements depent on the phases

e.g. PMNS mixing, Ueo = 0.514...0.580 @ 30
[Ue2|

0.60 - /-\
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Finally only one out of 2
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Finally only one out of 2187 combinations allowed
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@ on one hand, we can (nearly) predict everything

@ on the other hand: fixing the phases by a look into data sets
viable patterns/textures for the mass matrices

e “fitting” the phase combinations point towards the underlying
flavor symmetry

Either minimal (i.e. no) or maximal CP violation

choose 6%@) e {0,%,7}

0 1 2 0 1 2
012 5&3) 5&3) 553) 553) 5&3) 5%3)

CKM
PMNS

ISERNSIE]

e only one non-vanishing CP-phase: §12 = 5
[see also Masina, Savoy 2006]

w. . v. | —



Mmixing matrices

CKM matrix (our values)

o (S oz v
[Verml = | 022575017 0.97475 00 0.039T0004
0.0087+00010 0,038+0:004  0.9992+0-0002

Jarlskog invariant: J, = Im(V,s Ve V5 Vi) = (2.67775) x 107°

PMNS matrix (our values)

0.8310:52 0.5475:00 0.14 +0.03
USuns| = | 0.380:0: 0.571003  0.73 +0.02
0.417008  0.617007 0.67 £ 0.02

Jo = Im(UeaU,u3U2U %) = 0.03115:00°

= our prediction: [sEMNS| = 90°+20°

Dirac

w. . v. | —



[ Final resuft: Our auess for the mixing matrices

CKM matrix (PDG)

0.97427t§;§§§§ 0.22536f(8):§§§% 0.00355t§;§§18;§
[Vekm| = 0.2252218;888% 097343}8:88?115 0.0414;%;%%%5
0.00886 0 go032  0-0405Z5 70012 0-99914 7 5005

Jarlskog invariant: J, = Im(V,sVap V5 Vi) = (3.067055) x 107°

PMNS matrix (nu-fit.org, 30)

0.801 — 0.845 0.514 — 0.580 0.137 — 0.158
|Upmns| = [ 0.225 — 0.517 0.441 — 0.699 0.614 — 0.793
0.246 — 0.529 0.464 — 0.713 0.590 — 0.776

J"* =0.033 £0.010

= our prediction: [sEMNS| = 90°+20°

Dirac

w. . v. | —



Neutrino mass hierarchy unknown

mv/eV
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Inverting the procedure

Mep + w12 — 21/ MeuMy12 cos(05, — 6%5)
’Ue2| ~

(1 aF meu)(l I mulZ)

with 07, — 07y = 5, we get

o a1t i) — ey
YT UeP( A+ mep)

=0.41...0.45

| A\

Predicting the neutrino mass spectrum

Am3; and Am3; from nu-fit

My, = (0.0041 £ 0.0015) eV
My, = (0.0096 % 0.0005) eV
My, = (0.050 £ 0.001) eV

<

KATRIN-mass: />, |Uei|?m?2 ~ 0.01eV < 0.2eV
W. G. H. ;




Minimal breaking of maximal flavor symmetry
— The flavor blind principle [Saldafia-Salazar 2016]
= a discrete version

the flavor blind principle
flavor symmetry: SI x ST

Mlzm

—_ = =

11
11
11

w. . v. | —



Minimal breaking of maximal flavor symmetry
— The flavor blind principle [Saldafia-Salazar 2016]
= a discrete version

successive breaking: rank 1 — rank 2
remnant flavor symmetry: SI x SF

a a B
My=|a o B
B2 B2 v

w. . v. | —



Minimal breaking of maximal flavor symmetry
— The flavor blind principle [Saldafia-Salazar 2016]
= a discrete version

last step: minimal breaking
remnant flavor symmetry: Sy + S3'

¢ n K poovo &
Ms=|n ¢ mi|+|-v —pn =&
Ko K2 A & & 0



different bases: democratic vs. heavy

S O
S O O
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W. G.



different bases: democratic vs. heavy

a a B 0 0 0
[e7Ne) 61 — 10 0 moms
B2 B2 v 0 —y/mamz m3z—ma

w. . v. | —



ures

different bases: democratic vs. heavy

1 1 1
1 11 2 6 3 0 00
11 1]:0s=|~-% % w#| — (000
2 1
111 0 -% 7 0 01
Mass matrices as linear combinations of Yukawa couplings:
1 11 a o [
M=vy|l 1 1]+vw|la a [
111 B2 B2 v
¢ n kK poovo &
tus||lm ¢ mi|+|-v —pn —&
Ky K2 A & —& 0

motivates a flavored Higgs multi-doublet model, e.g. S& x SIt x S

w. . v. | —



@ hierarchical masses < minimal breaking of maximal symmetry

@ reparameterization of mixing angles in terms of mass ratios
reduces the number of free parameters

@ “prediction” where CP violation shall be located
@ PMNS case: predicts low m,,, approx. maximal Dirac phase

@ mass matrices decomposable into linear combinations of lower
symmetric matrices

@ applicability in flavored multi-Higgs models explored
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