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The Big Picture

• When Froggatt-Nielsen (FN) explains the Standard Model (SM) flavor
hierarchy, new physics couplings are also determined by the U(1)H
symmetry. [Froggatt and Nielsen, Nucl.Phys.B (1979)]

• UV physics could change this naive scaling for the new physics
couplings.

• A description in terms of the new spurions of the SU(3)5 flavor
symmetry, where we parameterize extra factors (referred to as wrinkles)
using the same power counting parameter as in the original FN
model, is an effective way to keep track of these changes. [Bordone et al,

1910.02641 and 2010.03297]

• We show the example of the S1 leptoquark.

Froggatt-Nielsen Review

• The FN model is a mechanism to explain the SM flavor yukawa
hierarchies. It includes a heavy complex scalar f called the flavon
that couples to multiple heavy fermion species with mass ∼ M.

• At high energies, SM yukawa
couplings are generated by
“chains” of multiple flavon insertions
whose length is determined by the
charge differences between fermions
under a new U(1)H symmetry. Figure 1: An example chain.
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The SM constraints are from CKM, PMNS, and fermion masses:
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Adding a Leptoquark

Add the scalar leptoquark (LQ) S1 with SM charges (3, 1, 1/3) and
Lagrangian
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Assuming [S1] = 0 under U(1)H, the size of the spurions is fixed by the
FN charges of the SM fermions.
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Adding Wrinkles: The Low Energy Description

But what if these charge assignments were not the whole story? Consider
adding wrinkles to change the size of some spurions. We can parameterize
these with additional factors of λ:
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This description is indifferent to the UV source of wrinkles; we only need to
analyze the number of factors of λ for a given spurion. While this number
appears independent between different spurions in the low energy, UV mech-
anisms for generating wrinkles can cause correlations.

There are still some constraints from requiring that radiatively gen-
erated yukawas are smaller than the original ones. These follow from
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ūē

∣∣∣ ≥
1

16π2

∣∣∣ (Y †
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ūē
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Measurements and Constraints

The amount of suppression required for theory to agree with exper-
iment for various observables is shown below for the S1 LQ.

The darker boxes show the total amount of suppression that would be re-
quired for the leading BSM contribution if couplings were O(1). The lighter
boxes show the required amount of suppression (or enhancement, in the
muon g-2 case) required for a particular set of SM U(1)H charges to be
consistent with experiment.
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UV Complete Models

There are multiple example UV mechanisms that realize these wrinkles
by making spurions larger or smaller than naively expected. These include:
• Adding extra flavons charged under U(1)H and possibly additional
symmetries. Charging the flavon under U(1)B−L or the LQ under
U(1)H affects the LQ couplings without changing the SM couplings.

• Removing fermions of certain U(1)H charge from the spectrum of
heavy fermions, and replacing them with multiple fermions with the same
U(1)H charges but also other charges that require extra flavon insertions.

Example: Extra flavons

Consider a FN model that also respects B − 3Le symmetry.

Flavon

f1

f

f2
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Required to generate PMNS

<latexit sha1_base64="f3s1EZgLlXfBQfQ+Z3oiZLDXmhY=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiQFH8uiG3dWsA9oQ5lMJu3QySTMTAox9EvcuFDErZ/izr9x0mahrQcuHM65l3vv8WLOlLbtb2ttfWNza7u0U97d2z+oVA+POipKJKFtEvFI9jysKGeCtjXTnPZiSXHocdr1Jre5351SqVgkHnUaUzfEI8ECRrA20rBauZc+E1imKOB4mis1u27PgVaJU5AaFGgNq18DPyJJSIUmHCvVd+xYuxmWmhFOZ+VBomiMyQSPaN9QgUOq3Gx++AydGcVHQSRNCY3m6u+JDIdKpaFnOkOsx2rZy8X/vH6ig2s3YyJONBVksShIONIRylNAPpOUaJ4agolk5lZExlhiok1WZROCs/zyKuk06s5l/eKhUWveFHGU4ARO4RwcuIIm3EEL2kAggWd4hTfryXqx3q2PReuaVcwcwx9Ynz/WCJM3</latexit>

Ordinary flavon
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Allows leptoquark couplings

Consider couplings of the top quark to the leptons. These extra flavonsmake
the right handed µ, τ lepton couplings smaller, while the left handed
lepton couplings and the right handed e coupling are unaffected.
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Example: Missing heavy fermions

Consider introducing extra SU(3) symmetries that the SM fermions are neu-
tral under, but some of the heavy fermions are charged under.
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<latexit sha1_base64="VoPd051KWE/jwAV/GJTewuq48yw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhMhgoTdgI9j0IvHCOYBmxhmJ7PJkNmZZWZWCEs+w4sHRbz6Nd78GyfJHjRa0FBUddPdFcScaeO6X05uZXVtfSO/Wdja3tndK+4ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8c3Mbz9SpZkU92YS016Eh4KFjGBjJb8cPqQV76x2Oi33iyW36s6B/hIvIyXI0OgXP7sDSZKICkM41tr33Nj0UqwMI5xOC91E0xiTMR5S31KBI6p76fzkKTqxygCFUtkSBs3VnxMpjrSeRIHtjLAZ6WVvJv7n+YkJr3opE3FiqCCLRWHCkZFo9j8aMEWJ4RNLMFHM3orICCtMjE2pYEPwll/+S1q1qndRPb+rlerXWRx5OIJjqIAHl1CHW2hAEwhIeIIXeHWM8+y8Oe+L1pyTzRzCLzgf3xVqj9Q=</latexit>

f (1,2)

<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1
<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1
<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1
<latexit sha1_base64="5TNDzz9yZfB2Upsngdw4RTQm9qk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhPBi2E34OMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSRdVrzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukXa95V7XLh3qlcZvHUYQTOIVz8OAaGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fnlKNUA==</latexit>

-1
<latexit sha1_base64="5TNDzz9yZfB2Upsngdw4RTQm9qk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhPBi2E34OMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSRdVrzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukXa95V7XLh3qlcZvHUYQTOIVz8OAaGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fnlKNUA==</latexit>

-1
<latexit sha1_base64="uTUT4EQnMy+rW+OuRQfqseYjPeM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqEccJ9yM6UCIUjKKVHspuuVcsuRV3DrJKvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzU6fkzCp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8AMyqNGA==</latexit>

0

<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1

<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1
<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1

<latexit sha1_base64="ESa0p+Kfbc+piAU5GRkBak7ATB8=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRjDBC2kxfhyJXjxitICBhmyXLWzYbpvdrQlp+BVePGiMV3+ON/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dDP1W09UKhaJBz2OqRfigWABI1gb6bF871bOTntOuVcs2VV7BrRMnIyUIEOjV/zq9iOShFRowrFSHceOtZdiqRnhdFLoJorGmIzwgHYMFTikyktnB0/QiVH6KIikKaHRTP09keJQqXHom84Q66Fa9Kbif14n0cGVlzIRJ5oKMl8UJBzpCE2/R30mKdF8bAgmkplbERliiYk2GRVMCM7iy8ukWas6F9Xzu1qpfp3FkYcjOIYKOHAJdbiFBrhAIIRneIU3S1ov1rv1MW/NWdnMIfyB9fkDcP6O4A==</latexit>

SU(3)1
<latexit sha1_base64="8Wwd2ngWiJtHnZQ8l67tWhrop3Y=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRjDBC2kxfhyJXjxitICBhmyXLWzYbZvdrQlp+BVePGiMV3+ON/+NC/Sg4EsmeXlvJjPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DpooSSahLIh7Jto8V5Sykrmaa03YsKRY+py1/dDP1W09UKhaFD3ocU0/gQcgCRrA20mP53q2cnfZq5V6xZFftGdAycTJSggyNXvGr249IImioCcdKdRw71l6KpWaE00mhmygaYzLCA9oxNMSCKi+dHTxBJ0bpoyCSpkKNZurviRQLpcbCN50C66Fa9Kbif14n0cGVl7IwTjQNyXxRkHCkIzT9HvWZpETzsSGYSGZuRWSIJSbaZFQwITiLLy+TZq3qXFTP72ql+nUWRx6O4Bgq4MAl1OEWGuACAQHP8ApvlrRerHfrY96as7KZQ/gD6/MHcoOO4Q==</latexit>

SU(3)2

<latexit sha1_base64="t2f8UC34mjAs4/wg2UGlRMhZvqo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrsYH0eiF48YRUhgQ2aHWZgwO7uZ6TUhhE/w4kFjvPpF3vwbB9iDgpV0UqnqTndXkEhh0HW/ndzK6tr6Rn6zsLW9s7tX3D94NHGqGW+wWMa6FVDDpVC8gQIlbyWa0yiQvBkMb6Z+84lrI2L1gKOE+xHtKxEKRtFK9+WzcrdYcivuDGSZeBkpQYZ6t/jV6cUsjbhCJqkxbc9N0B9TjYJJPil0UsMTyoa0z9uWKhpx449np07IiVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYnjlj4VKUuSKzReFqSQYk+nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaP1Yp3UTm/q5Zq11kceTiCYzgFDy6hBrdQhwYw6MMzvMKbI50X5935mLfmnGzmEP7A+fwBN7mNGw==</latexit>

3
<latexit sha1_base64="I45sXKzXLkXSaK+NDXaNZ8z6vnE=">AAAB9XicbVDLTgIxFL2DL8QX6tJNI5i4IjMYH0uiG5eYyCOBkXRKgYZOO2k7GjLhP9y40Bi3/os7/8YOzELBkzQ5Oeee3NsTRJxp47rfTm5ldW19I79Z2Nre2d0r7h80tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxTeq3HqnSTIp7M4moH+KhYANGsLHSQ7krrZuGk7NpuVcsuRV3BrRMvIyUIEO9V/zq9iWJQyoM4VjrjudGxk+wMoxwOi10Y00jTMZ4SDuWChxS7Sezq6foxCp9NJDKPmHQTP2dSHCo9SQM7GSIzUgveqn4n9eJzeDKT5iIYkMFmS8axBwZidIKUJ8pSgyfWIKJYvZWREZYYWJsUQVbgrf45WXSrFa8i8r5XbVUu87qyMMRHMMpeHAJNbiFOjSAgIJneIU358l5cd6dj/lozskyh/AHzucPFyWSQQ==</latexit>

3
<latexit sha1_base64="t2f8UC34mjAs4/wg2UGlRMhZvqo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrsYH0eiF48YRUhgQ2aHWZgwO7uZ6TUhhE/w4kFjvPpF3vwbB9iDgpV0UqnqTndXkEhh0HW/ndzK6tr6Rn6zsLW9s7tX3D94NHGqGW+wWMa6FVDDpVC8gQIlbyWa0yiQvBkMb6Z+84lrI2L1gKOE+xHtKxEKRtFK9+WzcrdYcivuDGSZeBkpQYZ6t/jV6cUsjbhCJqkxbc9N0B9TjYJJPil0UsMTyoa0z9uWKhpx449np07IiVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYnjlj4VKUuSKzReFqSQYk+nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaP1Yp3UTm/q5Zq11kceTiCYzgFDy6hBrdQhwYw6MMzvMKbI50X5935mLfmnGzmEP7A+fwBN7mNGw==</latexit>

3

<latexit sha1_base64="t2f8UC34mjAs4/wg2UGlRMhZvqo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrsYH0eiF48YRUhgQ2aHWZgwO7uZ6TUhhE/w4kFjvPpF3vwbB9iDgpV0UqnqTndXkEhh0HW/ndzK6tr6Rn6zsLW9s7tX3D94NHGqGW+wWMa6FVDDpVC8gQIlbyWa0yiQvBkMb6Z+84lrI2L1gKOE+xHtKxEKRtFK9+WzcrdYcivuDGSZeBkpQYZ6t/jV6cUsjbhCJqkxbc9N0B9TjYJJPil0UsMTyoa0z9uWKhpx449np07IiVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYnjlj4VKUuSKzReFqSQYk+nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaP1Yp3UTm/q5Zq11kceTiCYzgFDy6hBrdQhwYw6MMzvMKbI50X5935mLfmnGzmEP7A+fwBN7mNGw==</latexit>

3

<latexit sha1_base64="I45sXKzXLkXSaK+NDXaNZ8z6vnE=">AAAB9XicbVDLTgIxFL2DL8QX6tJNI5i4IjMYH0uiG5eYyCOBkXRKgYZOO2k7GjLhP9y40Bi3/os7/8YOzELBkzQ5Oeee3NsTRJxp47rfTm5ldW19I79Z2Nre2d0r7h80tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxTeq3HqnSTIp7M4moH+KhYANGsLHSQ7krrZuGk7NpuVcsuRV3BrRMvIyUIEO9V/zq9iWJQyoM4VjrjudGxk+wMoxwOi10Y00jTMZ4SDuWChxS7Sezq6foxCp9NJDKPmHQTP2dSHCo9SQM7GSIzUgveqn4n9eJzeDKT5iIYkMFmS8axBwZidIKUJ8pSgyfWIKJYvZWREZYYWJsUQVbgrf45WXSrFa8i8r5XbVUu87qyMMRHMMpeHAJNbiFOjSAgIJneIU358l5cd6dj/lozskyh/AHzucPFyWSQQ==</latexit>

3

<latexit sha1_base64="I45sXKzXLkXSaK+NDXaNZ8z6vnE=">AAAB9XicbVDLTgIxFL2DL8QX6tJNI5i4IjMYH0uiG5eYyCOBkXRKgYZOO2k7GjLhP9y40Bi3/os7/8YOzELBkzQ5Oeee3NsTRJxp47rfTm5ldW19I79Z2Nre2d0r7h80tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxTeq3HqnSTIp7M4moH+KhYANGsLHSQ7krrZuGk7NpuVcsuRV3BrRMvIyUIEO9V/zq9iWJQyoM4VjrjudGxk+wMoxwOi10Y00jTMZ4SDuWChxS7Sezq6foxCp9NJDKPmHQTP2dSHCo9SQM7GSIzUgveqn4n9eJzeDKT5iIYkMFmS8axBwZidIKUJ8pSgyfWIKJYvZWREZYYWJsUQVbgrf45WXSrFa8i8r5XbVUu87qyMMRHMMpeHAJNbiFOjSAgIJneIU358l5cd6dj/lozskyh/AHzucPFyWSQQ==</latexit>

3

<latexit sha1_base64="KHy2xLONwrfuaR/5qRTld7aaxqM=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMFWcCFlpuBlWXTjRqhgL9AZhkyatqGZZEgyQhm6cuOruHGhiFufwZ1vY6adhbYeCHz8/zmcnD+MGVXacb6twtLyyupacb20sbm1vWPv7rWUSCQmTSyYkJ0QKcIoJ01NNSOdWBIUhYy0w9F15rcfiFRU8Hs9jokfoQGnfYqRNlJgH1Y8YfxsPPUaik6C28oprGRoKLDLTtWZFlwEN4cyyKsR2F9eT+AkIlxjhpTquk6s/RRJTTEjk5KXKBIjPEID0jXIUUSUn07PmMBjo/RgX0jzuIZT9fdEiiKlxlFoOiOkh2rey8T/vG6i+5d+SnmcaMLxbFE/YVALmGUCe1QSrNnYAMKSmr9CPEQSYW2SK5kQ3PmTF6FVq7rn1bO7Wrl+lcdRBAfgCJwAF1yAOrgBDdAEGDyCZ/AK3qwn68V6tz5mrQUrn9kHf8r6/AFwlZfR</latexit>

 M ,  M
<latexit sha1_base64="/ZEupwe9xhn/wXWib6VGWc0RE6s=">AAAB8HicbVDLSsNAFL2pr1pfVZduBhvBhZak4GNZdOOmUME+pA1lMp20QyeTMDMRSuhXuHGhiFs/x51/47TNQlsPXDiccy/33uPHnCntON9WbmV1bX0jv1nY2t7Z3SvuHzRVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9up37riUrFIvGgxzH1QjwQLGAEayM92uc1+wzZNbtXLDllZwa0TNyMlCBDvVf86vYjkoRUaMKxUh3XibWXYqkZ4XRS6CaKxpiM8IB2DBU4pMpLZwdP0IlR+iiIpCmh0Uz9PZHiUKlx6JvOEOuhWvSm4n9eJ9HBtZcyESeaCjJfFCQc6QhNv0d9JinRfGwIJpKZWxEZYomJNhkVTAju4svLpFkpu5fli/tKqXqTxZGHIziGU3DhCqpwB3VoAIEQnuEV3ixpvVjv1se8NWdlM4fwB9bnD9wMjn8=</latexit>�M , M

<latexit sha1_base64="f3s1EZgLlXfBQfQ+Z3oiZLDXmhY=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiQFH8uiG3dWsA9oQ5lMJu3QySTMTAox9EvcuFDErZ/izr9x0mahrQcuHM65l3vv8WLOlLbtb2ttfWNza7u0U97d2z+oVA+POipKJKFtEvFI9jysKGeCtjXTnPZiSXHocdr1Jre5351SqVgkHnUaUzfEI8ECRrA20rBauZc+E1imKOB4mis1u27PgVaJU5AaFGgNq18DPyJJSIUmHCvVd+xYuxmWmhFOZ+VBomiMyQSPaN9QgUOq3Gx++AydGcVHQSRNCY3m6u+JDIdKpaFnOkOsx2rZy8X/vH6ig2s3YyJONBVksShIONIRylNAPpOUaJ4agolk5lZExlhiok1WZROCs/zyKuk06s5l/eKhUWveFHGU4ARO4RwcuIIm3EEL2kAggWd4hTfryXqx3q2PReuaVcwcwx9Ynz/WCJM3</latexit>

Ordinary flavon

<latexit sha1_base64="sqUd8cEK1c/pkja1+WLLGGRE0X8=">AAACEnicbVDNS8MwHE39nPOr6tFLcBM2kNEO/DgOvXic4D5grSXN0i0sTUuSCqPsb/Div+LFgyJePXnzvzHdiujmg8DLe79H8nt+zKhUlvVlLC2vrK6tFzaKm1vbO7vm3n5bRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oKvM790RIGvFbNY6JG6IBpwHFSGnJM6tlJ9J+Fk+dpqQTz7pLK6PqpHwCy5nwc/fMklWzpoCLxM5JCeRoeuan049wEhKuMENS9mwrVm6KhKKYkUnRSSSJER6hAelpylFIpJtOV5rAY630YRAJfbiCU/V3IkWhlOPQ15MhUkM572Xif14vUcGFm1IeJ4pwPHsoSBhUEcz6gX0qCFZsrAnCguq/QjxEAmGlWyzqEuz5lRdJu16zz2qnN/VS4zKvowAOwRGoABucgwa4Bk3QAhg8gCfwAl6NR+PZeDPeZ6NLRp45AH9gfHwDsL2cMw==</latexit>

 
(k)

0 ,  
(k)
0

<latexit sha1_base64="Y5+fTiUXRaS+ITy8NqVraGMHays=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSL4KrMFHwsq4K4rGAf0A4lk8m0oZnMkGSKpfSvuHGhiFv/iDv/jZl2Ftp6IPBxzr0kOX7CmdKO820V1tY3NreK26Wd3b39A/uw3FJxKgltkpjHsuNjRTkTtKmZ5rSTSIojn9O2P7rN8vaYSsVi8agnCfUiPBAsZARrY/Xt8nUQsAwxR3ccj2Oh+nbFqTpzoVVwc6hArkbf/uoFMUkjKjThWKmu6yTam2KpGeF0VuqliiaYjPCAdg0KHFHlTedvn6FT4wQojKU5QqO5+3tjiiOlJpFvJiOsh2o5y8z/sm6qwytvykSSairI4qIw5UjHKCsCBUxSovnEACbSdEAQGWKJiTZ1lUwJ7vKXV6FVq7oX1fOHWqV+k9dRhGM4gTNw4RLqcA8NaAKBJ3iGV3izZtaL9W59LEYLVr5zBH9kff4A4HGUWQ==</latexit>

Additional Flavons

<latexit sha1_base64="+gNomYhvBoPq0mOaJl6n1QkhJ0Y=">AAACBXicbVDLSgMxFM34rPVVdamLYCvUTZkp+FgWBemygtMW2jJk0ts2NJkZkowyDN248VfcuFDErf/gzr8xfSy09UDgcM653NzjR5wpbdvf1tLyyuraemYju7m1vbOb29uvqzCWFFwa8lA2faKAswBczTSHZiSBCJ9Dwx9ej/3GPUjFwuBOJxF0BOkHrMco0Ubyckc3IIVhCj8wPcBgsgkuuEXn1KsWvFzeLtkT4EXizEgezVDzcl/tbkhjAYGmnCjVcuxId1IiNaMcRtl2rCAidEj60DI0IAJUJ51cMcInRuniXijNCzSeqL8nUiKUSoRvkoLogZr3xuJ/XivWvctOyoIo1hDQ6aJezLEO8bgS3GUSqOaJIYRKZv6K6YBIQrUpLmtKcOZPXiT1csk5L53dlvOVq1kdGXSIjlEROegCVVAV1ZCLKHpEz+gVvVlP1ov1bn1Mo0vWbOYA/YH1+QM87Jcb</latexit>

Fermions with every U(1)H

<latexit sha1_base64="LIkXv/q7U89lq+7tFddX0rUp52g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xyiOBDZkdemHC7OxmZtaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzThBP6IDyUPOqLHSQ9kr94olt+LOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmteJdVi7uq6XaTRZHHk7gFM7BgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ANK+NGQ==</latexit>

1

<latexit sha1_base64="5TNDzz9yZfB2Upsngdw4RTQm9qk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhPBi2E34OMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSRdVrzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukXa95V7XLh3qlcZvHUYQTOIVz8OAaGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fnlKNUA==</latexit>

-1

<latexit sha1_base64="Tsp9j7ksLeIBOr6kLAsO0RMohPs=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LERim7cCBXsA9pQJtPbduhkEmYmYgkFf8WNC0Xc+h3u/BsnbRbaeuDC4Zx7ufceP+JMacf5tnJLyyura/n1wsbm1vaOvbvXUGEsKdRpyEPZ8okCzgTUNdMcWpEEEvgcmv7oOvWbDyAVC8W9HkfgBWQgWJ9Roo3UtQ/okMgBYHikEGlcusWX2C117aJTdqbAi8TNSBFlqHXtr04vpHEAQlNOlGq7TqS9hEjNKIdJoRMriAgdkQG0DRUkAOUl0/Mn+NgoPdwPpSmh8VT9PZGQQKlx4JvOgOihmvdS8T+vHev+hZcwEcUaBJ0t6scc6xCnWeAek0A1HxtCqGTmVpzGQag2iRVMCO78y4ukUSm7Z+XTu0qxepXFkUeH6AidIBedoyq6QTVURxQl6Bm9ojfryXqx3q2PWWvOymb20R9Ynz+lp5P7</latexit>

charge except M = 1
<latexit sha1_base64="dikckC+BdBYOcxXqfr7nYz9HxVw=">AAACB3icbVDLSgMxFM3UV62vUZeCBFuhbspMxceyKIjLivYBbRky6W0bmskMSUYppTs3/oobF4q49Rfc+Tem7Sy09UDgcM693JzjR5wp7TjfVmphcWl5Jb2aWVvf2Nyyt3eqKowlhQoNeSjrPlHAmYCKZppDPZJAAp9Dze9fjv3aPUjFQnGnBxG0AtIVrMMo0Uby7P0rkIFhCj8w3cO3lfzxUc5jOUx7RHbBs7NOwZkAzxM3IVmUoOzZX812SOMAhKacKNVwnUi3hkRqRjmMMs1YQURon3ShYaggAajWcJJjhA+N0sadUJonNJ6ovzeGJFBqEPhmMiC6p2a9sfif14h157w1ZCKKNQg6PdSJOdYhHpeC20wC1XxgCKGSmb9O8hOqTXUZU4I7G3meVIsF97RwclPMli6SOtJoDx2gPHLRGSqha1RGFUTRI3pGr+jNerJerHfrYzqaspKdXfQH1ucPpPeX5A==</latexit>

Fermions with SU(3)i charge

This “adds a wrinkle” by making every chain that would have contained ΨM
longer by 1, and can be generalized to include more wrinkle factors.
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