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Introduction

• The fermion masses vary greatly between flavors

• In the SM, the masses originate from the Yukawa couplings between the fermions and the
Higgs

• Naively these couplings should be similar, but instead there is a hierarchical structure
between generations

• This is known as the Flavor Puzzle
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Producing the flavor hierarchies
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Figure: To provide suitable flavor hierarchies, we make use of three independent rank-one contributions
to the Yukawa matrices.
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Model Content

Field SU(4) SU(2)L U(1)R SU(2)q+ℓ

ψL 4 2 0 2
ψ3
L 4 2 0 1

ψp
u,R 4 1 1/2 1

ψp
d ,R 4 1 −1/2 1

ΨL,R 4 2 0 1

χ 4 1 1/2 1
H1 1 2 1/2 1
ΣH 15 2 1/2 1
ΣΦ 15 1 0 2

Table: The matter field
content of the model and
their representations
under the gauge group. χ
is used to break the
gauge group down to
GSM × SU(2)q+ℓ, and ΣΦ

is used to break the flavor
symmetry.
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• Rank 1:
LUV ⊃ −xpdψ

3
LH1ψ

p
d ,R − X p

dψ
3
LΣHψ

p
d ,R + h.c.
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• We give VEVs to both Higgses, defining the angle between them as

tanβ ≡ v2
v1

, v21 + v22 = v2EW = (174GeV)2 .
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Results
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Figure: Histogram showing the probability of
obtaining the observed flavor hierarchies when the
UV parameters are drawn randomly from a flat
distribution between -1 and 1. Only the parameter
x3d needs to be fine-tuned.

Hector Tiblom Flavor hierarchies - 59th Rencontres de Moriond YSF Slide 6 / 8



Results

0.000 0.005 0.010 0.015 0.020
0.00

0.02

0.04

0.06

0.

2.50 × 10-2

5.00 × 10-2

7.50 × 10-2

1.00 × 10-1

1.25 × 10-1

0.000 0.005 0.010 0.015 0.020
0.00

0.02

0.04

0.06

0.08

0.

5.00 × 10-2

1.00 × 10-1

1.50 × 10-1

0.0 0.1 0.2 0.3
0.0

0.2

0.4

0.6

0.8

1.0

0.

2.00 × 10-2

4.00 × 10-2

6.00 × 10-2

8.00 × 10-2

0.0 0.1 0.2 0.3
0.0

0.5

1.0

1.5

0.

2.00 × 10-2

4.00 × 10-2

6.00 × 10-2

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

0.

1.00 × 10-2

2.00 × 10-2

3.00 × 10-2

0.0 0.5 1.0 1.5 2.0

0.5
1.0
1.5
2.0
2.5
3.0
3.5

0.

2.50 × 10-3

5.00 × 10-3

7.50 × 10-3

1.00 × 10-2

1.25 × 10-2

Figure: Correlation between the masses
of the down quarks and charged leptons
for two different values of β.
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• The SM flavor structure is controlled by a single parameter ε = vΦ/MΨ

• Drawing the UV parameters randomly from a flat distribution gives reasonable
order-of-magnitude for almost all measured parameters

• Only the b/τ Yukawa requires a single UV parameter to be fine-tuned

• This model also predicts a strong correlation between the masses of down-type quarks
and charged leptons

• The model allows for small neutrino masses through the use of the inverse seesaw
mechanism, but to predict large PMNS mixing angles additional structure is needed
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Phenomenology

• In Pati-Salam type models vector leptoquarks contribute to KL → µe

• This constrains the breaking scale to a few PeV

• Muon conversion on heavy nuclei also places bounds on the model

• Best present bound is from SINDRUM-II for the process µAu → e Au

• Is expected to improve with future experiments such as Mu2e and COMET
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