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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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Figure: To provide suitable flavor hierarchies, we make use of three independent
rank-one contributions to the Yukawa matrices.
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Field | SU(4) | SU(2)L | U(1)r SU(2)q+£ Table: The matter
U, 4 2 0 2 field content of the
7’/)3 4 2 0 1 model and their

pL representations

uR 4 1 1/2 1 under the gauge

ZR 4 1 -1/2 1 group. x is used to
VLR 4 2 0 1 break the gauge

group down to

X 4 ! 1/2 1 GSM X SU(Q)(H_g,
fh 1 2 1/2 1 and X4 is used to
1H 15 2 1/2 1 break the flavor

2 15 1 0 2 symmetry.
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e Rank 1:

—3 —3
‘CUV D —Xg’l/)LH]_'l/}sJ;{ — ngLZHwa{ + h.c.
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e Rank 1:
Lov D —xFOr Hh o — XEULE il + hc.
e Rank 2:
Loy D —yRULHWE y — YEWLE ol — Yot Zo VR + hoc.
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e Rank 1:
Lov D —xFOr Hh o — XEULE il + hc.
e Rank 2:
Loy D —yRULHWE y — YEWLE ol — Yot Zo VR + hoc.

e After integrating out the VLF:

Y.
Lgpr D MCD (yd¢LZ¢H1¢d rRT YPwLZ¢ZH¢d rRT h.c. )
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Rank 1:

—3 —3
Lyv D —Xgl/JLH]ﬂ/}iR - ngLZHwiR + h.c.
Rank 2:
Lyyv D —ngLHﬂﬁiR — Yé)WLZHlbiR — Y@ELZq;WR + h.c.

After integrating out the VLF:

Y. _
Lier O M"’ (VEPLT ol + YU T 0Tl + hic.)

Rank 3 (calculated with Matchete):
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Rank 1:

—3 —3
Lyv D —ngLHlil}s,R - ngLZHwiR + h.c.
Rank 2:
Lyyv D —ngLHﬂﬁiR — Y§WL2H¢S,R — Y@ELZq;WR + h.c.

After integrating out the VLF:

Y. _
Lier O M"’ (VEPLT ol + YU T 0Tl + hic.)

Rank 3 (calculated with Matchete):

15 1 1 M2
G > Gigrraag 98 (5) ~1] VN [EuTe it

We give VEVs to both Higgses, defining the angle between them as

tan g = V—, 24 vi =2, = (174 GeV)?.
v
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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 x3

needs to be fine-tuned.
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e The origin of flavor remains an enduring enigma

e We have explored a minimal method of reproducing the hierarchies in
the Yukawa matrices

e The SM flavor structure is controlled by a single parameter
g = Vq)/M\u

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

e Only the b/T Yukawa requires a single UV parameter to be fine-tuned

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

e 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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In Pati-Salam type models vector leptoquarks contribute to K; — ue

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 y1 Au — e Au

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