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The Flavour Puzzle

* The masses of the fermions span 6 orders of magnitude without
neutrinos and 12 with neutrinos

* Theses masses are technically natural, but the dramatic hierarchies invite
a BSM explanation

e Possible explanation: horizontal symmetries
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* All fermions are charged under a new U(1);

* Yukawas generated by effective operators coupled to heavy flavon

L (D)

L =e~ 0.1, this can result in large hierarchies in low-energy Yukawas

L ¢ IXQi_XujI - ¢ IXQi_XdJ-I



Determining Charges (Textures)

e Usual approach: work backwards from masses and mixings
Question: Does this miss phenomenologically viable textures?

Secondary question: Are there experimental signatures of different FN
models which could probe these different textures?



S ¢ |XQ-i_Xuj| e ¢ |XQ,-—de|
The Quark Sector LD —c;;QiHu, (K) — ¢.Q;Hd, (K) + h.c.

Generate all possible textures
Populate ¢;; with random O(1) coefficients

Numerically calculate resulting masses and mixings

oW N oe

Compare to SM values, allowing € to vary to minimize deviation from
SM

Repeat steps 2-4 for many choice of ¢;;

o

6. Textures which are close to the SM most frequently are considered
natural
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The Quark Sector
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1. Generate all possible textures

2. Populate ¢;; with random O(1)
coefficients

3. Calculate resulting masses and
mixings

4. Compare to SM values
Repeat 2-4 for many choice of ¢;;

6. Textures which are close to the SM
most frequently are considered
natural
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1 3 2 0.17
2 3 2 0.18
3 3 2 0.12
1 3| 2 0.16
5 ! 3 0.23
6 3 2 0.15
7 1 2 0.21
8 3 2 0.11
9 3 2 0.11
10 | 3 2 0.16
11 2 1 0.06
12 1 3 0.22
13 4 3 0.24
14 3 2 0.17
I5 | 4 3 0.22
16 | 4 | 3 0.21
17 1 2 0.22
18 | 4 2 0.2
19 | 3 | 2 0.14
20 3 2 0.15
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The Lepton Sector




Lepton Extension
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* In lepton sector, need to contend with how neutrinos get mass



Lepton Extension

b | XL, —Xe,] ~ & | XL, —XNg,|
LD —cij,-H(:j (K) - (:;-’J-LJINR (K) + h.c.,

1. Pure Dirac: all hierarchies arise due to FN charge differences. Adds RH neutrinos
to the SM
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Lepton Extension

LD —c;L;He; (_

1. Pure Dirac

2. Generic high energy physics: Weinberg operator
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Observables

* Flavour-violating decays

* Charged lepton flavour violating
collider observables
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Results




Dirac Textures

Preliminary
Li Ly L3 e e e3 w1 v 13 |Fy (%) €s NO (%) index
70 60 60 40 30 10 -90 0.102038 91.671 136.0
60 50 50 30 20 00 -90 0.101925 91.731 133.0
* Prefe T:S normal 70 60 60 40 30 10 -80 0.101925 91.731 133.0
ordering
40 40 40 70 20 -10 -90 0.087580 100.000 101.0
40 40 40 70 60 -10 -90 0.087580 100.000 101.0
70 30 30 50 00 -20 -90 0.082372 85.802 63.0
70 70 60 40 30 10 -90 0.125789 100.000 143.0
70 70 70 40 30 10 -90 0.141574 100.000 149.0
6.0 50 50 30 20 00 -90 0.106958 100.000 134.0
70 60 60 40 30 10 -80 0.106958 100.000 134.0
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Branching Fractions

Branching Fractions, Dirac
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Flavor-Violating Decays

Most constraining

* Set Apy based on most
constraining observable

e Estimate value of all observables
for this scale

Vo
L2 s

Py

loguo 57

—10.0 -
=T

BR
0910 g

Bounds on Agy, Dirac

Preliminary

—5.0 -
—2.5:
0.0 -~
2.5

17



Collider Observables - Dirac

N, events
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Weinberg

Preliminary

* Also prefers normal
ordering
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* FN suppression is not sufficient F s
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Conclusions and Outlook




Conclusions

* We have found the most general category of leptonic FN models which can
reproduce SM hierarchies

* We calculated some of the resulting observables and have found that low energy
signatures tend to follow characteristic FN patterns

 FN models will be inaccessible except at extremely high energy future muon
colliders

* Future work: Type 1 seesaw, lepton-quark interactions, polarization asymmetries
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Collider Observables

B | 10 T V Muon Collider, v5=1.5 TeV, 10 ab ! Muon Collider, vs=10 TeV, 10 ab !
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Weinberg Collider Observables

Muon Collider, vs=1.5 TeV, 10 ab !
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Fractional Deviation
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Methods

[2301( Textures { X, XC}]

Bin according to n‘

v

110k charge difference matrices nf ]

Tau mass constraint; Re-
move matrices with zeros

v

-

66k charge difference matrices n’

Scan; fit to charged lepton
masses; Cut by F, > 1

-

10k charge difference matrices
n’; 20k textures {X, X.}




