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Flavor & Symmetries

Continuous vs. Discrete (extensive literature on each!)
m First attemptsin the 1970s - horizontal symmetry

Prog. Theor. Phys. 60, 822 (1978); T. Maehara and T. Yanagida
Phys. Rev. Lett. 42 , 421 (1979); F. Wilczek & A. Zee
Nucl. Phys. B147, 277 (1979); C.D. Froggatt and H.B. Nielsen
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m Minimal Flavor Violation (MFV)

- When masses — 0, SM has U(3)° symmetry

- Yukawa matrices as spurions — dynamical origin?
- Small flavor-changing neutral currents (FCNCs)

Phys. Lett. B188, 99 (1987); R.S. Chivukula & H. Georgi
hep-ph/0207036; G. D'’Ambrosio, et al.
hep-ph/0507001; V. Cirigliano, et al.

arXiv:1103.2915; R. Alonso, et al.




Flavorspin

Central Hypotheses:

1.) SM flavor is derived from a single SU(2) symmetry under
which all fermions are charged:

QL, UR’ dR’ LL’ eR ~ 3

2.) The fundamental spurions transform according to
representations of this group:

arXiv:1611.07033; J.B. & D. Hernandez




Formalism

The fundamental spurions:

0 0 0 yll y12 y13
Y3=(O 0 1) Ye = Y12 Yoo Y23

0 -1 0 Yi3 Vo3 _(y11+y22)

Yukawa Lagran_gian: i i
_LYukD QLYuuR -H + QLYddR - H + LLYleR - H + h C.

The Yukawa matrices:
Yy = uy|iYs+ (1 —&,)Y5 + x5 + 8]




The Quark Sector

Masses (at leading order):

2 2
Vi1 =0 Y5, = '“)Z(léx‘ y)2(3 — '“)Z(lz — fx‘

Mixing Matrix (perturbative):

VXLYXV;F(R = diag{ym,y x20 Y Xg}; Vekm = VuLVJcrlL

Sln6’13 ~ ‘3’12+l>’13| -1 sinffy 1 10°
sin 923 Yoo tiyog sin 96113 1$dl




The Lepton Sector

Charged leptons similar to the quarks - but neutrinos?
Dirac Neutrinos:

_LYukD L_LYVNR ) T:I + h C.
Y, =u|iYs +(1—&)Y5+¢&Ys5 + 6,1

m Masses form NH, at leading order: {O,MVHV\,LLV\Z — €v|}

m Mixing angles are same as for quarks:

sin 023 1‘(3111 + 2y, + 21y23)(£l — ev)‘ — small 9



Majorana Neutrinos

Neutrinos must be (partially) Majorana in character!

The Weinberg Operator:
L > W (LH)(LH)

Two simplified cases:

1. “Type | Seesaw” — c = YVYS, where
Y,=pliVs+ (1-¢)Y5+¢eYs +6,1]
2. “Type Il Seesaw” — W = 7733Y§ +n.Ys +1n,l

PMNS Matrix:

T :
V,-cW- () vt =2 dlag(yf/l,ygz,y%) - P: |Upyns = Vy VI




Numerical Results

arXiv: 1306.6879,
S. Antusch & V. Maurer

Observable| M S Value, 1 = 1 TeV These are the data that Flavorspin must

Yo 6.3 x 10°° explain!
Yo 3.104 x 1073
Ui 0.8685
Y 1.364 x 105 How to probe?
Ys 2.74 x 104
s 1.388 x 1072 arXiv:1611.01514; NuFIT 3.0 (2016) [www.nu-fit.org]
Ye 2.8482 x 10~° Observable | Normal Hierarchy (Ax? = 0)|Inverted Hierarchy (Ax? = 0.83)
Yu 6.0127 x 107 Am3, 7.50 x 1075 oV? 750 x 105 eV?
Yr 1.02213 x 102 Am?, +2.524 x 1073 eV?2 —2.444 x 1073 V2

sin 67, 0.2254 sin? 6t 0.306 0.306

sin 0, 3.770 x 1073 sin? 0!, 0.02166 0.02179

sin 03, 4.363 x 1072 sin? 6, 0.441 0.587

sin 0 p 0.9349 sin 64 p —0.988 —0.993
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Flavor-Changing Neutral Currents

Higher-Dimensional Operators: All non-trivial flavor structure comes
from Y; and Ys.

Possible fermion bilinears: B
Qo ~ Ca,ijfifj’; Caijf ifj’; Caijf ifj’

(N —
f*7=updreLrV

Flavor structure:
cqg =1Y3+ (1 —& )Y5+¢,Y5+ 8,1




Flavor-Changing Neutral Currents

Three classes of bilinears:
1. Q,~fcof, = Upp AL ps €LR

— Contribute to, e.g., b — sy, u — ey, u — eee,

- These are suppressed!

__ 0
e.8,diCedl = Ve Vi ~ (o
0

0
§a

(1 —i)(€a — €a)

2. Q, ~feof  feof f(’) =Upp, dpp, €LR VL
- Not suppressed!

- These bilinears necessarily violate B-L, even if the operator doesn'’t.




Flavor-Changing Neutral Currents

— A !/
3. Q, ~Veof  feav, ) =u g dp g epp v
- Not suppressed - V,#V,, etc.
— Not easily probed at experiments.
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Phenomenological Consequences:

m FCNCs and B-L symmetry?
m Potentially large neutrino nonstandard interactions (NSI)

m Correlations between lepton-number violating processes:
- Neutrinoless double beta decay (Ovff); muon-to-positron conversion
- See, e.g., arXiv:1611.00032; J.B., A. de Gouvéa, K.J. Kelly, A. Kobach




What Have We Done?

What Flavorspin is not:

m A complete model of flavor - this is coming (eventually...)
m Absent of hierarchies & small parameters

m Completely devoid of flavor-changing neutral currents
What Flavorspin is:

m A novelapproach to the flavor puzzle, cf. MFV

m Indicative of higher symmetry - U(1)5_,, U(1) etc.

H-T?
m Predictive and falsifiable - Dirac neutrinos; Type | seesaw



