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Wondering about BSM,   1979/81

Supersymmetry forever,   1982 on



Point Reyes, CA, circa 1988



Supersymmetry forever
with well known contributions by Antonio

… and flavour



All the SM in 1 page

Compare this with the catalogue of independent observables it explains,
often with high numerical precision
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�Gµ�G̃µ�2. Why              ?� � 10�10

 Questions from (problems for) the SM

1. Phenomena unaccounted for

3.                  only?Oi : d(Oi) � 4

4. Lack of calculability 

neutrino masses
Dark matter

Axions? A discrete space-time symmetry?

neutrino masses

0. Which rationale for matter quantum numbers?

matter-antimatter asymmetry
inflation?

Observational Structural

|Qn �Qp �Qe| < 10�21eE.g.:

Are the protons forever?
What about individual   conservations?LiGravity
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 Questions from (problems for) the SM

1. Phenomena unaccounted for

3.                  only?Oi : d(Oi) � 4

4. Lack of calculability 

neutrino masses
Dark matter

Axions? A discrete space-time symmetry?

neutrino masses

0. Which rationale for matter quantum numbers?

matter-antimatter asymmetry
inflation?

Observational Structural

|Qn �Qp �Qe| < 10�21eE.g.:

Are the protons forever?
What about individual   conservations?Li

the hierarchy problem
the flavour puzzle ⇐⇒ none of the 15 masses 

predicted in the SM

Gravity



The “gauge sector”

A difference in the two sectors of the SM?

the hierarchy

The “Higgs sector”

problem
the CC problem

puzzle
the flavour

In EFT they look
much the same

No particle mass 
calculable (15=17-2)
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4
F a
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aµ⌫ + i ̄ /D 
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1. An accumulation of 
problems in the 
Higgs sector



The “gauge sector”

A difference in the two sectors of the SM?

The “Higgs sector”
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2. A different level
 of precision

Flavour

see below

EWPT Higgs couplings
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LY =
m

v
kf f̄LHfR etc

De Blas et al, 2025

E.g.
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MW = MSM
W (1 + ai�✏i)
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ai = O(1) known

(See specific models for
precise comparisons)



The “gauge sector”

A difference in the two sectors of the SM

The “Higgs sector”
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(where the Fermi scale originates)
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⇤f ⌘ the scale at which      originates (the flavour puzzle)
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�ij

Altogether : the relatively best motivation for BSM in the MultiTeV 
(and a strong motivation for the next HE collider)

the physics scale that addresses the hierarchy problem
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⇤h ⌘
and explains the origin of EWSB

(None of the proposals to address the hierarchy problem
is exempt from the flavour problem)

How far are              from the Fermi scale?
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⇤h,⇤f



An extreme summary in precision measurements
(European Strategy for PP, 2020, under update)

“Mid-term” prospects:
All approved exp.s + LHCb II

current
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Flavour and EDMs (CPV) dominate
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L = LSM + ⌃i
Ci

⇤2
i

Oi

A more detailed plot
(from actually measured flavour quantities only,

Bona et al, 2025
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Ci = 1

as opposed to bounds)
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⇤f & PeV s? Hence nothing to do with the Fermi scale?
(In particular               ?)

<latexit sha1_base64="rT8YMLfYb/KADTdX4AOu1t4Ky0w=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4KpkitZ2UwoudOGign1AO5ZMmmlDM5khyQhl6MZfceNCEbd+hjv/xkwfoKIHAodzzuXmHi/iTGmEPq3M0vLK6lp2PbexubW9Y+/uNVUYS0IbJOShbHtYUc4EbWimOW1HkuLA47TljS5Sv3VPpWKhuNXjiLoBHgjmM4K1kXr2Aexem3Qf3/mwWl3wIezZeVRABqUSTIlTRo4hlUq5WKxAZ2ohlAdz1Hv2R7cfkjigQhOOleo4KNJugqVmhNNJrhsrGmEywgPaMVTggCo3mR4wgcdG6UM/lOYJDafq94kEB0qNA88kA6yH6reXin95nVj7ZTdhIoo1FWS2yI851CFM24B9JinRfGwIJpKZv0IyxBITbTrLmRIWl8L/SbNYcM4K6OY0X7uc15EFh+AInAAHnIMauAJ10AAETMAjeAYv1oP1ZL1ab7NoxprP7IMfsN6/ABL4lXc=</latexit>

⇤f >> ⇤h



 (approximate) symmetries of the Yukawa couplings
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f = u, d, e
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<latexit sha1_base64="xemgHcL6Rn2BF3Rh+Hx2j0VI1lY="></latexit>

Uu
L(U

d
L)

+ = VCKM ⇡

0

@
1 � �3

� 1 �2

�3 �2 1

1

A<latexit sha1_base64="ynP9OSP8SVnFrZlYFW3wlAw04Vk=">AAACBHicbZC7TsMwFIYdrm24BRi7WFRITCUpIBg6VLAwFolepDaKHNdtrdpOZDtIVdSBhVdhYQAhVh6CjbfBaTNAyy9Z+vSfc3R8/jBmVGnX/bZWVtfWNzYLRXtre2d3z9k/aKkokZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdjm+yevuBSEUjca8nMfE5Ggo6oBhpYwVOyS7ywDvlwVmxVoM8qGYIoWHPDpyyW3Fngsvg5VAGuRqB89XrRzjhRGjMkFJdz421nyKpKWZkavcSRWKEx2hIugYF4kT56eyIKTw2Th8OImme0HDm/p5IEVdqwkPTyZEeqcVaZv5X6yZ6cOWnVMSJJgLPFw0SBnUEs0Rgn0qCNZsYQFhS81eIR0girE1uWQje4snL0KpWvIuKe3derl/ncRRACRyBE+CBS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7x1xcpnDsEfWZ8/BeuT2w==</latexit>

m1/m3 << m2/m3 << 1

1   IF
<latexit sha1_base64="lR6FnSkW0JlSxLCJb47KrRAua70="></latexit>

[Uu,d
L ]i 6=j . [VCKM ]i 6=j

no special structure in 

<latexit sha1_base64="QxVKXx4kdO0GGidvxyA56yjjl6E=">AAAB+nicbVDLSsNAFJ34bOMr1aWbwSK4kJKIosuiG5cV7EPaWCaTSTt0MjPMTJQS+yluXCji1i9x59+YtFlo64ELh3Pu5d57AsmoNq77bS0tr6yurZfK9sbm1vaOU9ltaZEoTJpYMKE6AdKEUU6ahhpGOlIRFAeMtIPRVe63H4jSVPBbM5bEj9GA04hiZDKp71Ts8t19mhyHk55UQhph952qW3OngIvEK0gVFGj0na9eKHASE24wQ1p3PVcaP0XKUMzIxO4lmkiER2hAuhnlKCbaT6enT+BhpoQwEiorbuBU/T2RoljrcRxknTEyQz3v5eJ/Xjcx0YWfUi4TQzieLYoSBo2AeQ4wpIpgw8YZQVjR7FaIh0ghbLK08hC8+ZcXSeuk5p3V3JvTav2yiKME9sEBOAIeOAd1cA0aoAkweATP4BW8WU/Wi/Vufcxal6xiZg/8gfX5A/Sykyo=</latexit>

Y u,d /
<latexit sha1_base64="vK3aGN37x7HmGcWl6I6vDV8oYSI=">AAAB73icdVDLSgMxFM34rOOr6tJNsAh1M6TTp7uiG5cVnLbQDiWTZtrQzKNJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPF3MmFUIfxtr6xubWdm7H3N3bPzjMHx23ZZQIQh0S8Uh0PSwpZyF1FFOcdmNBceBx2vEm15nfuadCsii8U7OYugEehcxnBCstdU2naF8MpuYgX0DWZaNmV22ILITqdrmWEbtescuwpJUMBbBCa5B/7w8jkgQ0VIRjKXslFCs3xUIxwunc7CeSxphM8Ij2NA1xQKWbLu6dw3OtDKEfCV2hggv1+0SKAylngac7A6zG8reXiX95vUT5DTdlYZwoGpLlIj/hUEUwex4OmaBE8ZkmmAimb4VkjAUmSkeUhfD1KfyftG2rVLXQbaXQvFrFkQOn4AwUQQnUQRPcgBZwAAEcPIAn8GxMjUfjxXhdtq4Zq5kT8APG2yc9pI7O</latexit>

U(2)q

<latexit sha1_base64="UjG1/aw4nThxsY94MlUGhVU19Qc="></latexit>

Yf = Uf+
L Y diag

f Uf
R

<latexit sha1_base64="MCRQ9/UCWtRCwcSvYylgPucqOEY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdUfRY9OKxittW2rVks2kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtLyyulZcL21sbm3vlHf3GjpOFaE+iXmsWiHWlDNJfcMMp61EUSxCTpvh8HriN5+o0iyW92aU0EDgvmQ9RrCx0oPfvXvM0pNo3C1X3Ko7BVokXk4qkKPeLX91opikgkpDONa67bmJCTKsDCOcjkudVNMEkyHu07alEguqg2x68BgdWSVCvVjZkgZN1d8TGRZaj0RoOwU2Az3vTcT/vHZqepdBxmSSGirJbFEv5cjEaPI9ipiixPCRJZgoZm9FZIAVJsZmVLIhePMvL5LGadU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UwQcCAp7hFd4c5bw4787HrLXg5DP78AfO5w+Fa5A5</latexit>

Uu,d
R

<latexit sha1_base64="COiGjDlinvxFcoNFH3BU5mXmTmA=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgapgpii6LblxWsA/oDCWTybShmSQkGWkp/RU3LhRx64+4829M21lo64HA4ZxzuTcnloxq4/vfTmljc2t7p7xb2ds/ODxyj6ttLXKFSQsLJlQ3RpowyknLUMNIVyqCspiRTjy6m/udJ6I0FfzRTCSJMjTgNKUYGSv13WrIbDhBIZJSiTH0vXrfrfmevwBcJ0FBaqBAs+9+hYnAeUa4wQxp3Qt8aaIpUoZiRmaVMNdEIjxCA9KzlKOM6Gi6uH0Gz62SwFQo+7iBC/X3xBRlWk+y2CYzZIZ61ZuL/3m93KQ30ZRymRvC8XJRmjNoBJwXAROqCDZsYgnCitpbIR4ihbCxdVVsCcHql9dJu+4FV57/cFlr3BZ1lMEpOAMXIADXoAHuQRO0AAZj8AxewZszc16cd+djGS05xcwJ+APn8wcITJPG</latexit>

� ⇡ 0.2

<latexit sha1_base64="wU0euYsiKD0N0rNIp2K/tyKBa1I=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgIYRdUfQiBL14jGAekCxhdrY3GTL7cGZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0sEV9q2v63Cyura+kZxs7S1vbO7V94/aKk4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hbqt59QKh5HD3qcoBvSQcQDzqg2Uie4JmnVr2K/XLFr9gxkmTg5qUCORr/81fNjloYYaSaoUl3HTrSbUak5Ezgp9VKFCWUjOsCuoRENUbnZ7N4JOTGKT4JYmoo0mam/JzIaKjUOPdMZUj1Ui95U/M/rpjq4cjMeJanGiM0XBakgOibT54nPJTItxoZQJrm5lbAhlZRpE1HJhOAsvrxMWmc156Jm359X6jd5HEU4gmM4BQcuoQ530IAmMBDwDK/wZj1aL9a79TFvLVj5zCH8gfX5A8tVjyc=</latexit>

f = u, d, e



 (approximate) symmetries of the Yukawa couplings

<latexit sha1_base64="D8UNcJ8DYZcD1tNxj2/Bb4yzwDM="></latexit>

Y / U+
L

0

@
m1/m3 0 0

0 m2/m3 0
0 0 1

1

AUR

<latexit sha1_base64="xemgHcL6Rn2BF3Rh+Hx2j0VI1lY="></latexit>

Uu
L(U

d
L)

+ = VCKM ⇡

0

@
1 � �3

� 1 �2

�3 �2 1

1

A<latexit sha1_base64="ynP9OSP8SVnFrZlYFW3wlAw04Vk=">AAACBHicbZC7TsMwFIYdrm24BRi7WFRITCUpIBg6VLAwFolepDaKHNdtrdpOZDtIVdSBhVdhYQAhVh6CjbfBaTNAyy9Z+vSfc3R8/jBmVGnX/bZWVtfWNzYLRXtre2d3z9k/aKkokZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdjm+yevuBSEUjca8nMfE5Ggo6oBhpYwVOyS7ywDvlwVmxVoM8qGYIoWHPDpyyW3Fngsvg5VAGuRqB89XrRzjhRGjMkFJdz421nyKpKWZkavcSRWKEx2hIugYF4kT56eyIKTw2Th8OImme0HDm/p5IEVdqwkPTyZEeqcVaZv5X6yZ6cOWnVMSJJgLPFw0SBnUEs0Rgn0qCNZsYQFhS81eIR0girE1uWQje4snL0KpWvIuKe3derl/ncRRACRyBE+CBS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7x1xcpnDsEfWZ8/BeuT2w==</latexit>

m1/m3 << m2/m3 << 1

1   IF
<latexit sha1_base64="lR6FnSkW0JlSxLCJb47KrRAua70="></latexit>

[Uu,d
L ]i 6=j . [VCKM ]i 6=j 2   IF 1 +

<latexit sha1_base64="PqKshQGHQMnNCwhhHw2LySr5N5w="></latexit>

[Uu,d
R ]i 6=j . [Uu,d

L ]i 6=j

no special structure in 

<latexit sha1_base64="QxVKXx4kdO0GGidvxyA56yjjl6E=">AAAB+nicbVDLSsNAFJ34bOMr1aWbwSK4kJKIosuiG5cV7EPaWCaTSTt0MjPMTJQS+yluXCji1i9x59+YtFlo64ELh3Pu5d57AsmoNq77bS0tr6yurZfK9sbm1vaOU9ltaZEoTJpYMKE6AdKEUU6ahhpGOlIRFAeMtIPRVe63H4jSVPBbM5bEj9GA04hiZDKp71Ts8t19mhyHk55UQhph952qW3OngIvEK0gVFGj0na9eKHASE24wQ1p3PVcaP0XKUMzIxO4lmkiER2hAuhnlKCbaT6enT+BhpoQwEiorbuBU/T2RoljrcRxknTEyQz3v5eJ/Xjcx0YWfUi4TQzieLYoSBo2AeQ4wpIpgw8YZQVjR7FaIh0ghbLK08hC8+ZcXSeuk5p3V3JvTav2yiKME9sEBOAIeOAd1cA0aoAkweATP4BW8WU/Wi/Vufcxal6xiZg/8gfX5A/Sykyo=</latexit>

Y u,d /
<latexit sha1_base64="vK3aGN37x7HmGcWl6I6vDV8oYSI=">AAAB73icdVDLSgMxFM34rOOr6tJNsAh1M6TTp7uiG5cVnLbQDiWTZtrQzKNJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPF3MmFUIfxtr6xubWdm7H3N3bPzjMHx23ZZQIQh0S8Uh0PSwpZyF1FFOcdmNBceBx2vEm15nfuadCsii8U7OYugEehcxnBCstdU2naF8MpuYgX0DWZaNmV22ILITqdrmWEbtescuwpJUMBbBCa5B/7w8jkgQ0VIRjKXslFCs3xUIxwunc7CeSxphM8Ij2NA1xQKWbLu6dw3OtDKEfCV2hggv1+0SKAylngac7A6zG8reXiX95vUT5DTdlYZwoGpLlIj/hUEUwex4OmaBE8ZkmmAimb4VkjAUmSkeUhfD1KfyftG2rVLXQbaXQvFrFkQOn4AwUQQnUQRPcgBZwAAEcPIAn8GxMjUfjxXhdtq4Zq5kT8APG2yc9pI7O</latexit>

U(2)q

<latexit sha1_base64="2b1ppbQhHJLOZNz0GBYSdk3L2qw=">AAACBHicdZDLSsNAFIYn9Vbrreqym8Ei1E1I0qu7ohuXFewF2hAmk0k7dHJhZiKU0IUbX8WNC0Xc+hDufBsnbQUV/WHg5zvncOb8bsyokIbxoeXW1jc2t/LbhZ3dvf2D4uFRT0QJx6SLIxbxgYsEYTQkXUklI4OYExS4jPTd6WVW798SLmgU3shZTOwAjUPqU4ykQk6x1K2YZ06aOOZ8JGlABFwCTwGnWDb081bDqlvQ0A2jaVUbmbGaNasKTUUylcFKHaf4PvIinAQklJghIYamEUs7RVxSzMi8MEoEiRGeojEZKhsitc9OF0fM4akiHvQjrl4o4YJ+n0hRIMQscFVngORE/K5l8K/aMJF+y05pGCeShHi5yE8YlBHMEoEe5QRLNlMGYU7VXyGeII6wVLkVVAhfl8L/Tc/SzbpuXNfK7YtVHHlQAiegAkzQBG1wBTqgCzC4Aw/gCTxr99qj9qK9Lltz2mrmGPyQ9vYJ0veW9A==</latexit>

U(1)u1 ⇥ U(1)d1

<latexit sha1_base64="UjG1/aw4nThxsY94MlUGhVU19Qc="></latexit>

Yf = Uf+
L Y diag

f Uf
R

<latexit sha1_base64="MCRQ9/UCWtRCwcSvYylgPucqOEY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdUfRY9OKxittW2rVks2kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtLyyulZcL21sbm3vlHf3GjpOFaE+iXmsWiHWlDNJfcMMp61EUSxCTpvh8HriN5+o0iyW92aU0EDgvmQ9RrCx0oPfvXvM0pNo3C1X3Ko7BVokXk4qkKPeLX91opikgkpDONa67bmJCTKsDCOcjkudVNMEkyHu07alEguqg2x68BgdWSVCvVjZkgZN1d8TGRZaj0RoOwU2Az3vTcT/vHZqepdBxmSSGirJbFEv5cjEaPI9ipiixPCRJZgoZm9FZIAVJsZmVLIhePMvL5LGadU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UwQcCAp7hFd4c5bw4787HrLXg5DP78AfO5w+Fa5A5</latexit>

Uu,d
R

<latexit sha1_base64="QxVKXx4kdO0GGidvxyA56yjjl6E=">AAAB+nicbVDLSsNAFJ34bOMr1aWbwSK4kJKIosuiG5cV7EPaWCaTSTt0MjPMTJQS+yluXCji1i9x59+YtFlo64ELh3Pu5d57AsmoNq77bS0tr6yurZfK9sbm1vaOU9ltaZEoTJpYMKE6AdKEUU6ahhpGOlIRFAeMtIPRVe63H4jSVPBbM5bEj9GA04hiZDKp71Ts8t19mhyHk55UQhph952qW3OngIvEK0gVFGj0na9eKHASE24wQ1p3PVcaP0XKUMzIxO4lmkiER2hAuhnlKCbaT6enT+BhpoQwEiorbuBU/T2RoljrcRxknTEyQz3v5eJ/Xjcx0YWfUi4TQzieLYoSBo2AeQ4wpIpgw8YZQVjR7FaIh0ghbLK08hC8+ZcXSeuk5p3V3JvTav2yiKME9sEBOAIeOAd1cA0aoAkweATP4BW8WU/Wi/Vufcxal6xiZg/8gfX5A/Sykyo=</latexit>

Y u,d /
<latexit sha1_base64="vK3aGN37x7HmGcWl6I6vDV8oYSI=">AAAB73icdVDLSgMxFM34rOOr6tJNsAh1M6TTp7uiG5cVnLbQDiWTZtrQzKNJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPF3MmFUIfxtr6xubWdm7H3N3bPzjMHx23ZZQIQh0S8Uh0PSwpZyF1FFOcdmNBceBx2vEm15nfuadCsii8U7OYugEehcxnBCstdU2naF8MpuYgX0DWZaNmV22ILITqdrmWEbtescuwpJUMBbBCa5B/7w8jkgQ0VIRjKXslFCs3xUIxwunc7CeSxphM8Ij2NA1xQKWbLu6dw3OtDKEfCV2hggv1+0SKAylngac7A6zG8reXiX95vUT5DTdlYZwoGpLlIj/hUEUwex4OmaBE8ZkmmAimb4VkjAUmSkeUhfD1KfyftG2rVLXQbaXQvFrFkQOn4AwUQQnUQRPcgBZwAAEcPIAn8GxMjUfjxXhdtq4Zq5kT8APG2yc9pI7O</latexit>

U(2)q

<latexit sha1_base64="jRyzoaGY+up84oTJkfaSvefJzBY=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxC3QyZ6dNd0Y3LCvYBbSmZTKYNzTxIMkItxV9x40IRt/6HO//GTFtBRQ8Ezj3nXu7NcWPOpELow8isrK6tb2Q3c1vbO7t75v5BS0aJILRJIh6Jjosl5SykTcUUp51YUBy4nLbd8WXqt2+pkCwKb9Qkpv0AD0PmM4KVlgbmEWwWnLNB0lMsoHJReAMzj6zzWsUpOxBZCFWdYiUlTrXkFKGtlRR5sERjYL73vIgkAQ0V4VjKro1i1Z9ioRjhdJbrJZLGmIzxkHY1DbHe1Z/Or5/BU6140I+EfqGCc/X7xBQHUk4CV3cGWI3kby8V//K6ifJr/SkL40TRkCwW+QmHKoJpFNBjghLFJ5pgIpi+FZIRFpgoHVhOh/D1U/g/aTmWXbbQdSlfv1jGkQXH4AQUgA2qoA6uQAM0AQF34AE8gWfj3ng0XozXRWvGWM4cgh8w3j4BIwGTwA==</latexit>

U(2)u ⇥ U(2)d

<latexit sha1_base64="COiGjDlinvxFcoNFH3BU5mXmTmA=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgapgpii6LblxWsA/oDCWTybShmSQkGWkp/RU3LhRx64+4829M21lo64HA4ZxzuTcnloxq4/vfTmljc2t7p7xb2ds/ODxyj6ttLXKFSQsLJlQ3RpowyknLUMNIVyqCspiRTjy6m/udJ6I0FfzRTCSJMjTgNKUYGSv13WrIbDhBIZJSiTH0vXrfrfmevwBcJ0FBaqBAs+9+hYnAeUa4wQxp3Qt8aaIpUoZiRmaVMNdEIjxCA9KzlKOM6Gi6uH0Gz62SwFQo+7iBC/X3xBRlWk+y2CYzZIZ61ZuL/3m93KQ30ZRymRvC8XJRmjNoBJwXAROqCDZsYgnCitpbIR4ihbCxdVVsCcHql9dJu+4FV57/cFlr3BZ1lMEpOAMXIADXoAHuQRO0AAZj8AxewZszc16cd+djGS05xcwJ+APn8wcITJPG</latexit>

� ⇡ 0.2

<latexit sha1_base64="wU0euYsiKD0N0rNIp2K/tyKBa1I=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgIYRdUfQiBL14jGAekCxhdrY3GTL7cGZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0sEV9q2v63Cyura+kZxs7S1vbO7V94/aKk4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hbqt59QKh5HD3qcoBvSQcQDzqg2Uie4JmnVr2K/XLFr9gxkmTg5qUCORr/81fNjloYYaSaoUl3HTrSbUak5Ezgp9VKFCWUjOsCuoRENUbnZ7N4JOTGKT4JYmoo0mam/JzIaKjUOPdMZUj1Ui95U/M/rpjq4cjMeJanGiM0XBakgOibT54nPJTItxoZQJrm5lbAhlZRpE1HJhOAsvrxMWmc156Jm359X6jd5HEU4gmM4BQcuoQ530IAmMBDwDK/wZj1aL9a79TFvLVj5zCH8gfX5A8tVjyc=</latexit>

f = u, d, e



 (approximate) symmetries of the Yukawa couplings

  IF
<latexit sha1_base64="lR6FnSkW0JlSxLCJb47KrRAua70="></latexit>

[Uu,d
L ]i 6=j . [VCKM ]i 6=j and

<latexit sha1_base64="PqKshQGHQMnNCwhhHw2LySr5N5w="></latexit>

[Uu,d
R ]i 6=j . [Uu,d

L ]i 6=j

B, Isidori et al, 2011

<latexit sha1_base64="FLp4yCQFKS7F+RdVqDcrZ01wSsY="></latexit>

) U(2)q ⇥ U(2)u ⇥ U(2)d

Can         allow for      to be in the TeV?
<latexit sha1_base64="QsEHhBc8mvRZe+12vlh9/1I2XGw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApHXRZcKHLCk5baMeSSTNtbCYzJBmhDP0HNy4Ucev/uPNvzLQjqOiBkMM593LvPUHCmdIIfVilldW19Y3yZmVre2d3r7p/0FFxKgn1SMxj2QuwopwJ6mmmOe0lkuIo4LQbTC9yv3tPpWKxuNGzhPoRHgsWMoK1kTpevXF6K4bVGrJdZNCAyM7/pgsLxYXOQkGoBgq0h9X3wSgmaUSFJhwr1XdQov0MS80Ip/PKIFU0wWSKx7RvqMARVX622HYOT4wygmEszRMaLtTvHRmOlJpFgamMsJ6o314u/uX1Ux2e+xkTSaqpIMtBYcqhjmF+OhwxSYnmM0MwkczsCskES0y0CahiQvi6FP5POg3bcW103ay1Los4yuAIHIM6cMAZaIEr0AYeIOAOPIAn8GzF1qP1Yr0uS0tW0XMIfsB6+wSRe459</latexit>

U(2)n
<latexit sha1_base64="OJEx9wJvMrHdDAsRVNr9ClZQinw=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZL06a7oxoWLCvYhbSyTyaQdOpOEmYlQQr/CjQtF3Po57vwbJ20FFT0wcDjnXObe48WMSmVZH0ZuZXVtfSO/Wdja3tndK+4fdGSUCEzaOGKR6HlIEkZD0lZUMdKLBUHcY6TrTS4yv3tPhKRReKOmMXE5GoU0oBgpLd0OrnTUR3fBsFiyzLNGzak60DItq+6Uaxlx6hWnDG2tZCiBJVrD4vvAj3DCSagwQ1L2bStWboqEopiRWWGQSBIjPEEj0tc0RJxIN50vPIMnWvFhEAn9QgXn6veJFHEpp9zTSY7UWP72MvEvr5+ooOGmNIwTRUK8+ChIGFQRzK6HPhUEKzbVBGFB9a4Qj5FAWOmOCrqEr0vh/6TjmHbVtK4rpeb5so48OALH4BTYoA6a4BK0QBtgwMEDeALPhjAejRfjdRHNGcuZQ/ADxtsn6HmQfQ==</latexit>

⇤f

YES, suitably broken (Froggatt-Nielsen would not)

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>) <latexit sha1_base64="4fRB+U3W2NLeE4bC/c0lu8iLjMA=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9MjrC32UuW7O0du3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5ybUSs7nGUcD+ifSVCwSha6aFzy0OkWsdP3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6YXj8mxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPQzoZIUuWKzRWEqCcZk8j7pCc0ZypEllGlhbyVsQDVlaEMq2hC8+ZcXSeO04p1X3LuzcvUqj6MAh3AEJ+DBBVThBmpQBwYKnuEV3hzjvDjvzsesdcnJZw7gD5zPH7rckPQ=</latexit>(

<latexit sha1_base64="vK3aGN37x7HmGcWl6I6vDV8oYSI=">AAAB73icdVDLSgMxFM34rOOr6tJNsAh1M6TTp7uiG5cVnLbQDiWTZtrQzKNJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPF3MmFUIfxtr6xubWdm7H3N3bPzjMHx23ZZQIQh0S8Uh0PSwpZyF1FFOcdmNBceBx2vEm15nfuadCsii8U7OYugEehcxnBCstdU2naF8MpuYgX0DWZaNmV22ILITqdrmWEbtescuwpJUMBbBCa5B/7w8jkgQ0VIRjKXslFCs3xUIxwunc7CeSxphM8Ij2NA1xQKWbLu6dw3OtDKEfCV2hggv1+0SKAylngac7A6zG8reXiX95vUT5DTdlYZwoGpLlIj/hUEUwex4OmaBE8ZkmmAimb4VkjAUmSkeUhfD1KfyftG2rVLXQbaXQvFrFkQOn4AwUQQnUQRPcgBZwAAEcPIAn8GxMjUfjxXhdtq4Zq5kT8APG2yc9pI7O</latexit>

U(2)q

<latexit sha1_base64="MnXCAYUifQQPLfUOgmSoCBZRSk0=">AAAB83icdVDLSsNAFJ3UV42vqks3g0WoICFJn+6KblxWMG2hDWUymbRDJw9mJkIJ/Q03LhRx68+482+ctBVU9MCFwzn3cu89XsKokKb5oRXW1jc2t4rb+s7u3v5B6fCoK+KUY+LgmMW87yFBGI2II6lkpJ9wgkKPkZ43vc793j3hgsbRnZwlxA3ROKIBxUgqaag7Fft8lKUX/lwflcqmcdlq2HUbmoZpNu1qIyd2s2ZXoaWUHGWwQmdUeh/6MU5DEknMkBADy0ykmyEuKWZkrg9TQRKEp2hMBopGKCTCzRY3z+GZUnwYxFxVJOFC/T6RoVCIWeipzhDJifjt5eJf3iCVQcvNaJSkkkR4uShIGZQxzAOAPuUESzZTBGFO1a0QTxBHWKqY8hC+PoX/k65tWHXDvK2V21erOIrgBJyCCrBAE7TBDegAB2CQgAfwBJ61VHvUXrTXZWtBW80cgx/Q3j4BNGyQgg==</latexit>

U(2)u,d
<latexit sha1_base64="2b1ppbQhHJLOZNz0GBYSdk3L2qw=">AAACBHicdZDLSsNAFIYn9Vbrreqym8Ei1E1I0qu7ohuXFewF2hAmk0k7dHJhZiKU0IUbX8WNC0Xc+hDufBsnbQUV/WHg5zvncOb8bsyokIbxoeXW1jc2t/LbhZ3dvf2D4uFRT0QJx6SLIxbxgYsEYTQkXUklI4OYExS4jPTd6WVW798SLmgU3shZTOwAjUPqU4ykQk6x1K2YZ06aOOZ8JGlABFwCTwGnWDb081bDqlvQ0A2jaVUbmbGaNasKTUUylcFKHaf4PvIinAQklJghIYamEUs7RVxSzMi8MEoEiRGeojEZKhsitc9OF0fM4akiHvQjrl4o4YJ+n0hRIMQscFVngORE/K5l8K/aMJF+y05pGCeShHi5yE8YlBHMEoEe5QRLNlMGYU7VXyGeII6wVLkVVAhfl8L/Tc/SzbpuXNfK7YtVHHlQAiegAkzQBG1wBTqgCzC4Aw/gCTxr99qj9qK9Lltz2mrmGPyQ9vYJ0veW9A==</latexit>

U(1)u1 ⇥ U(1)d1

<latexit sha1_base64="QxVKXx4kdO0GGidvxyA56yjjl6E=">AAAB+nicbVDLSsNAFJ34bOMr1aWbwSK4kJKIosuiG5cV7EPaWCaTSTt0MjPMTJQS+yluXCji1i9x59+YtFlo64ELh3Pu5d57AsmoNq77bS0tr6yurZfK9sbm1vaOU9ltaZEoTJpYMKE6AdKEUU6ahhpGOlIRFAeMtIPRVe63H4jSVPBbM5bEj9GA04hiZDKp71Ts8t19mhyHk55UQhph952qW3OngIvEK0gVFGj0na9eKHASE24wQ1p3PVcaP0XKUMzIxO4lmkiER2hAuhnlKCbaT6enT+BhpoQwEiorbuBU/T2RoljrcRxknTEyQz3v5eJ/Xjcx0YWfUi4TQzieLYoSBo2AeQ4wpIpgw8YZQVjR7FaIh0ghbLK08hC8+ZcXSeuk5p3V3JvTav2yiKME9sEBOAIeOAd1cA0aoAkweATP4BW8WU/Wi/Vufcxal6xiZg/8gfX5A/Sykyo=</latexit>

Y u,d /

What is the origin of these symmetries? What breaks them?

<latexit sha1_base64="UjG1/aw4nThxsY94MlUGhVU19Qc="></latexit>

Yf = Uf+
L Y diag

f Uf
R

Greljo et al, 2022
Allwicher et al, 2023

Which specific manifestations?



 Flavour Deconstruction
Davighi, Isidori, 2023
Davighi et al, 2023

Fernando-Navarro, King 2023

2. The flavour universal gauge interactions (observed so far)
are a low energy manifestation of the step-wise breaking of 
the gauge group at different scales, responsible
for the hierarchical structure of the Yukawa couplings

(fully or in part) flavour non-universal
  1. The                               gauge interactions are 

<latexit sha1_base64="qyJI4Z+aN5NYFG/F5Q36RooWm8U=">AAACBXicdZDLSsNAFIYn9VbrLepSF4NFaDchSa/uim5cVjS10IYymU7boZMLMxOhhG7c+CpuXCji1ndw59s46QVU9IeBj/+cw5nzexGjQprmp5ZZWV1b38hu5ra2d3b39P2DlghjjomDQxbytocEYTQgjqSSkXbECfI9Rm698UVav70jXNAwuJGTiLg+GgZ0QDGSyurpx9dOoVTsSuoTARXbS3YKVrGn503jrF61KzY0DdOs2aVqCnatbJegpZxUebBQs6d/dPshjn0SSMyQEB3LjKSbIC4pZmSa68aCRAiP0ZB0FAZIbXKT2RVTeKqcPhyEXL1Awpn7fSJBvhAT31OdPpIj8buWmn/VOrEc1N2EBlEsSYDniwYxgzKEaSSwTznBkk0UIMyp+ivEI8QRliq4nApheSn8H1q2YVUM86qcb5wv4siCI3ACCsACNdAAl6AJHIDBPXgEz+BFe9CetFftbd6a0RYzh+CHtPcvKsSWdQ==</latexit>

SU(3)⇥ SU(2)⇥ U(1)

<latexit sha1_base64="cx9jcnOLmUTtD0U7DntC/A/s6J0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld2i6LHoxWMF+yHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3UfOhl1eqkVyp7FW8GvEz8nJQhR71X+ur2FU1jJi0VxJiO7yU2yIi2nAo2KXZTwxJCR2TAOo5KEjMTZLNrJ/jUKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gogvBX3x5mTSrFf+i4t2dl2vXeRwFOIYTOAMfLqEGt1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxX/js4=</latexit>

Y22

Energy

<latexit sha1_base64="h8mLiVDpT21fPolgZ0RHReIPd54=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaKosuiGxcuKtgHdIaSyWTa0ExmSDJCGfobblwo4tafceffmLaz0NYDgcM553JvTpAKro3jfKPS2vrG5lZ5u7Kzu7d/UD086ugkU5S1aSIS1QuIZoJL1jbcCNZLFSNxIFg3GN/O/O4TU5on8tFMUubHZCh5xCkxVvK8exsNySB3G9NBtebUnTnwKnELUoMCrUH1ywsTmsVMGiqI1n3XSY2fE2U4FWxa8TLNUkLHZMj6lkoSM+3n85un+MwqIY4SZZ80eK7+nshJrPUkDmwyJmakl72Z+J/Xz0x07edcpplhki4WRZnAJsGzAnDIFaNGTCwhVHF7K6Yjogg1tqaKLcFd/vIq6TTq7mXdebioNW+KOspwAqdwDi5cQRPuoAVtoJDCM7zCG8rQC3pHH4toCRUzx/AH6PMHdGKRTQ==</latexit>

⇤12

<latexit sha1_base64="O9L8U5NE/AcPV2AZTy9TweW/1Go=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykxVdFl048JFBfuAzlAymUwbmskMSUYoQ3/DjQtF3Poz7vwb03YW2nogcDjnXO7NCVLBtXGcb7Syura+sVnaKm/v7O7tVw4O2zrJFGUtmohEdQOimeCStQw3gnVTxUgcCNYJRrdTv/PElOaJfDTjlPkxGUgecUqMlTzv3kZD0s/r55N+perUnBnwMnELUoUCzX7lywsTmsVMGiqI1j3XSY2fE2U4FWxS9jLNUkJHZMB6lkoSM+3ns5sn+NQqIY4SZZ80eKb+nshJrPU4DmwyJmaoF72p+J/Xy0x07edcpplhks4XRZnAJsHTAnDIFaNGjC0hVHF7K6ZDogg1tqayLcFd/PIyaddr7mXNebioNm6KOkpwDCdwBi5cQQPuoAktoJDCM7zCG8rQC3pHH/PoCipmjuAP0OcPd22RTw==</latexit>

⇤23

<latexit sha1_base64="ij8IFO4bUcZkewe9hYm4lVvfzpk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoseiF48V7Ie0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLRzdRvPTFtuJL3dpywICYDySNOiXVS86GXYTzplSt+1Z8BLROckwrkqPfKX92+omnMpKWCGNPBfmKDjGjLqWCTUjc1LCF0RAas46gkMTNBNrt2gk6c0keR0q6kRTP190RGYmPGceg6Y2KHZtGbiv95ndRGV0HGZZJaJul8UZQKZBWavo76XDNqxdgRQjV3tyI6JJpQ6wIquRDw4svLpHlWxRdV/+68UrvO4yjCERzDKWC4hBrcQh0aQOERnuEV3jzlvXjv3se8teDlM4fwB97nDxL0jsw=</latexit>

Y11

<latexit sha1_base64="zYGrXyY0PhNmhRERXtKk5lBhOwU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9m1ih6LXjxWsB/SLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWg/9tFab9ssVt+pmQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfppdO0UnVhmgUCpbwqBM/T2R4kjrSRTYzgibkV70ZuJ/Xjcx4ZWfMhEnhgoyXxQmHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6q3oXVffuvFK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8ZCo7Q</latexit>

Y33

<latexit sha1_base64="rFiZ5vGFD4f5+283fr9WtUHjtH8=">AAACE3icbZDNSsNAFIUn9a/Wv6hLN4NFqC5KUhVdFl3osqJpC2ksk+mkHTqZhJmJUELfwY2v4saFIm7duPNtnLYpaOuBgY9z7+XOPX7MqFSW9W3kFhaXllfyq4W19Y3NLXN7py6jRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD71+O6o0HIiSN+J0axMQLUZfTgGKktNU2j26d0vFhS9GQSKi5MmWnZE/x6j51qTdsm0WrbI0F58HOoAgy1drmV6sT4SQkXGGGpHRtK1ZeioSimJFhoZVIEiPcR13iauRIL/PS8U1DeKCdDgwioR9XcOz+nkhRKOUg9HVniFRPztZG5n81N1HBuZdSHieKcDxZFCQMqgiOAoIdKghWbKABYUH1XyHuIYGw0jEWdAj27MnzUK+U7dOydXNSrF5kceTBHtgHJWCDM1AF16AGHIDBI3gGr+DNeDJejHfjY9KaM7KZXfBHxucPihOcGQ==</latexit>

SU(3)⇥ SU(2)⇥ U(1)⇥G[i]Unlike                                        gauged, global, discrete, etc

(Deconstructed Susy models 2001)

(See Gino’s talk)

<latexit sha1_base64="VRhMerUn02QG/FfY6rG0MUjqRDU=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxoRZdFNy5cVLAPaYeSyWTa0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6mfvuJKs1i+WDGCfUFHkgWMYKNlR57dzYa4v55v1xxq+4MaJl4OalAjka//NULY5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s9nCE3RilRBFsbJPGjRTf09kWGg9FoFNCmyGetGbiv953dREV37GZJIaKsn8oyjlyMRoej0KmaLE8LElmChmd0VkiBUmxnZUsiV4iycvk9ZZ1buouve1Sv06r6MIR3AMp+DBJdThFhrQBAICnuEV3hzlvDjvzsc8WnDymUP4A+fzBznJkAc=</latexit>

⇤3
<latexit sha1_base64="84Kk2F+L2RIEy3I7bYRbbKBQGIU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSi6LIoggsXFewDmlAmk0k7dDIJ8xBK6G+4caGIW3/GnX/jtM1CWw8MHM45l3vnhBlnSrvut1NaWV1b3yhvVra2d3b3qvsHbZUaSWiLpDyV3RArypmgLc00p91MUpyEnHbC0c3U7zxRqVgqHvU4o0GCB4LFjGBtJd+/t9EI9/PbzqRfrbl1dwa0TLyC1KBAs1/98qOUmIQKTThWque5mQ5yLDUjnE4qvlE0w2SEB7RnqcAJVUE+u3mCTqwSoTiV9gmNZurviRwnSo2T0CYTrIdq0ZuK/3k9o+OrIGciM5oKMl8UG450iqYFoIhJSjQfW4KJZPZWRIZYYqJtTRVbgrf45WXSPqt7F3X34bzWuC7qKMMRHMMpeHAJDbiDJrSAQAbP8ApvjnFenHfnYx4tOcXMIfyB8/kDyxORhg==</latexit>

⇤EW



<latexit sha1_base64="Ar9qSuqGoHXiT+b7V6zrfv/7Dos="></latexit>

G = SU(3)⇥ SU(2)⇥ U(1)[3]Y ⇥ U(1)[12]B�L ⇥ U(1)[2]T3R
⇥ U(1)[1]T3R

B, Isidori, 2023

Standard 16-plet of chiral fermions, e.g.                         , including 
<latexit sha1_base64="sxan0rc9lQmy8e4UJ6gL8cJ73EM=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCC6XOtL42QtGNywr2Ae0wZNK0Dc1kxiQjlKFu/BU3LhRx61+482/MtLPQ1nO5cDjnXpJ7vJBRqSzr21hYXFpeWc2sZdc3Nre2zZ3dhgwigUkdBywQLQ9JwigndUUVI61QEOR7jDS94XXiNx+IkDTgd2oUEsdHfU57FCOlJdfcv3crlzBfKZYLbpy3j8+KVlKFsWvmrJI1AZwndkpyIEXNNb863QBHPuEKMyRl27ZC5cRIKIoZGWc7kSQhwkPUJ21NOfKJdOLJBWN4pJUu7AVCN1dwov7eiJEv5cj39KSP1EDOeon4n9eOVO/CiSkPI0U4nj7UixhUAUzigF0qCFZspAnCguq/QjxAAmGlQ8vqEOzZk+dJo1yyT0vW7UmuepXGkQEH4BDkgQ3OQRXcgBqoAwwewTN4BW/Gk/FivBsf09EFI93ZA39gfP4AtEGTMw==</latexit>

q3 = (3, 2)(1/6,0,0,0)
<latexit sha1_base64="OcKvQcAwFPwatQV7c0/k1NORcIE=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILqQkRdFl0Y3LKvYCbQiT6aQdOpmEmYlYQl7FjQtF3Poi7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taWV1b39gsbZW3d3b39u2DSlvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47wfhmWu88UqlYLB70JKFehIeChYxgbSzfrvRF6mf3bn6G5lTPfbvq1JyZ0DK4BVShUNO3v/qDmKQRFZpwrFTPdRLtZVhqRjjNy/1U0QSTMR7SnkGBI6q8bHZ7jk6MM0BhLM0TGs3c3xMZjpSaRIHpjLAeqcXa1Pyv1kt1eOVlTCSppoLMF4UpRzpG0yDQgElKNJ8YwEQycysiIywx0SausgnBXfzyMrTrNfei5tydVxvXRRwlOIJjOAUXLqEBt9CEFhB4gmd4hTcrt16sd+tj3rpiFTOH8EfW5w8u/ZPi</latexit>⌫R1, ⌫R2 (      fully neutral)<latexit sha1_base64="cXA++3y4UaaP/gQJhPiZxycxajc=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMU84BkCbOT3mTI7Ow6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdWTaze7Pxt1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjlZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgapxXvouLenZer13kcBTiEIzgBDy6hCrdQgzowEPAMr/DmPDovzrvzMWtdcvKZA/gD5/MH9G2P6Q==</latexit>⌫R3

Scalars

<latexit sha1_base64="robAp/TBa/LdJwLBv1lIhWc3xsQ="></latexit>

Field U(1)[3]Y U(1)[12]B�L U(1)[2]T3R
U(1)[1]T3R

SU(3)⇥ SU(2)
� 0 0 1/2 �1/2 (1,1)

�
q �1/6 1/3 0 0 (1,1)

�
l 1/2 �1 0 0 (1,1)
� 1/2 0 �1/2 0 (1,1)

Hu,d �1/2 0 0 0 (1,2)

<latexit sha1_base64="FU/ulZklErZmWF6hu2k+sCv/O0Q="></latexit>

U(1)[3]Y ⇥ U(1)[12]B�L ⇥ U(1)[12]T3R

<latexit sha1_base64="esDVq6p5jdGMfKsTpBMQle6i8cg=">AAAB8nicdVDLSsNAFJ3UV42vqks3g0Wom5CkT3cFF7qsYNpKGspkOmmHTh7MTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57/IRRIU3zQyusrW9sbhW39Z3dvf2D0uFRV8Qpx8TBMYt530eCMBoRR1LJSD/hBIU+Iz1/epn7vXvCBY2jWzlLiBeicUQDipFUkutUrPNhdjfXdX1YKpvGRath121oGqbZtKuNnNjNml2FllJylMEKnWHpfTCKcRqSSGKGhHAtM5FehrikmJG5PkgFSRCeojFxFY1QSISXLU6ewzOljGAQc1WRhAv1+0SGQiFmoa86QyQn4reXi395biqDlpfRKEklifByUZAyKGOY/w9HlBMs2UwRhDlVt0I8QRxhqVLKQ/j6FP5PurZh1Q3zplZuX63iKIITcAoqwAJN0AbXoAMcgEEMHsATeNak9qi9aK/L1oK2mjkGP6C9fQIYwI/a</latexit>

U(1)Y

<latexit sha1_base64="3ukGX0peB2m6OWogmPvbIbIg1RM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKogeRoBePEcxDkiXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dUcKZsb7/5RWWlldW14rrpY3Nre2d8u5e06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqZ+65Fqw5S8t+OEhgIPJIsZwdZJD5ddwwYCX6FeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZgdP0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhBmTSWqpJPNFccqRVWj6PeozTYnlY0cw0czdisgQa0ysy6jkQggWX/5LmifV4Kzq351Watd5HEU4gEM4hgDOoQa3UIcGEBDwBC/w6mnv2Xvz3uetBS+f2Ydf8D6+Afzwj98=</latexit>

< � >

<latexit sha1_base64="HmfbG0jqJFt1+tuXrDGXEGoien0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnoQKXrxWMF+QBPKZrtplm42cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D1oqTiWhTRLzWHZ8rChngjY105x2Eklx5HPa9od3U789olKxWDzqcUK9CA8ECxjB2kjetZuE7Ay5JGQ3qFeu2FV7BrRMnJxUIEejV/5y+zFJIyo04ViprmMn2suw1IxwOim5qaIJJkM8oF1DBY6o8rLZ0RN0YpQ+CmJpSmg0U39PZDhSahz5pjPCOlSL3lT8z+umOrjyMiaSVFNB5ouClCMdo2kCqM8kJZqPDcFEMnMrIiGWmGiTU8mE4Cy+vExa51Xnomo/1Cr12zyOIhzBMZyCA5dQh3toQBMIPMEzvMKbNbJerHfrY95asPKZQ/gD6/MHM8uREw==</latexit>

< �,� >

1

Most general
<latexit sha1_base64="ZmMcfSmoCori3pScBgdp51aq3yo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWw2k3bpZhN3N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnsgHM07Rj+lA8ogzaqzUDnsCH0mtX664VXcOskq8nFQgR6Nf/uqFCctilIYJqnXXc1PjT6gynAmclnqZxpSyER1g11JJY9T+ZH7ulJxZJSRRomxJQ+bq74kJjbUex4HtjKkZ6mVvJv7ndTMTXfsTLtPMoGSLRVEmiEnI7HcScoXMiLEllClubyVsSBVlxiZUsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAYjeIZXeHNS58V5dz4WrQUnnzmGP3A+fwChuo8a</latexit>

d  4
<latexit sha1_base64="uXa2ZN+MnyHJQUQAhmeP4fVajgA="></latexit>

LY = y
u
3 q̄3Huu3 + y

d
3 q̄3H

⇤
dd3 + y

e
3 l̄3H

⇤
de3 + y

⌫
3 l̄3H

⇤
u⌫3

Breaking the gauge symmetry

Symmetries of <latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>) <latexit sha1_base64="ZtKLJqw3iK5DGIgZghJ8OIuaHxM="></latexit>

U(1)B3 ⇥ U(1)L3 ⇥ U(2)q ⇥ U(2)l ⇥ U(2)u ⇥ U(2)d ⇥ U(2)e ⇥ U(2)⌫
<latexit sha1_base64="GGVmUht6kmeXevLNOMz4gIRmSfU=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0WXRjQsXFexD2rFk0kwbmskMSUYpQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyT48eCa+M436iwtLyyulZcL21sbm3vlHf3mjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR1eZ33pkSvNI3plxzLyQDCQPOCXGSg/dkJghJSK9mfTuS71yxak6U+BF4uakAjnqvfJXtx/RJGTSUEG07rhObLyUKMOpYJNSN9EsJnREBqxjqSQh0146TT3BR1bp4yBS9kmDp+rvjZSEWo9D305mKfW8l4n/eZ3EBBdeymWcGCbp7FCQCGwinFWA+1wxasTYEkIVt1kxHRJFqLFFZSW4819eJM2TqntWdW5PK7XLvI4iHMAhHIML51CDa6hDAygoeIZXeENP6AW9o4/ZaAHlO/vwB+jzByXwkkY=</latexit>

LY

 An explicit example, insisting on 4d, UV complete



Most general <latexit sha1_base64="ZmMcfSmoCori3pScBgdp51aq3yo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWw2k3bpZhN3N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnsgHM07Rj+lA8ogzaqzUDnsCH0mtX664VXcOskq8nFQgR6Nf/uqFCctilIYJqnXXc1PjT6gynAmclnqZxpSyER1g11JJY9T+ZH7ulJxZJSRRomxJQ+bq74kJjbUex4HtjKkZ6mVvJv7ndTMTXfsTLtPMoGSLRVEmiEnI7HcScoXMiLEllClubyVsSBVlxiZUsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAYjeIZXeHNS58V5dz4WrQUnnzmGP3A+fwChuo8a</latexit>

d  4

Breaking the global          in steps2
<latexit sha1_base64="M+Zdckx6XRZ+fRtsr/M9qd/i7lc=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHBC9klvo5ELx4xkUcCK5kdZmFkdmYzM2tCNvyDFw8a49X/8ebfOMAeFKykk0pVd7q7gpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rSeqNJPi3oxj6kd4IFjICDZWajbK1dOHi16x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSrFa884p7d1aqXWdx5OEIjqEMHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MHFZ+OJg==</latexit>

U(2)6

(a 16-plet/generation)
Vector-like fermions

<latexit sha1_base64="kH5m25zjzNJKAbp5ZUooZApEfvw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRixehgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Ubz0xpXksH8w4YX6EA8lDTtFYqX3X66JIhtgrV9yqOwNZJl5OKpCj3it/dfsxTSMmDRWodcdzE+NnqAyngk1K3VSzBOkIB6xjqcSIaT+b3TshJ1bpkzBWtqQhM/X3RIaR1uMosJ0RmqFe9Kbif14nNeGVn3GZpIZJOl8UpoKYmEyfJ32uGDVibAlSxe2thA5RITU2opINwVt8eZk0z6reRdW9P6/UrvM4inAEx3AKHlxCDW6hDg2gIOAZXuHNeXRenHfnY95acPKZQ/gD5/MH38WP3A==</latexit>

M↵

<latexit sha1_base64="MncbxlAlOzBNpRjudn2tE04aFYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL16EiOYByRJmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSSCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rUdUmsfywYwT9CM6kDzkjBor3d/2Tnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl651X37qxSu8rjKMIBHMIxeHABNbiBOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc3znmNew==</latexit>

M3

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>)
<latexit sha1_base64="bFJdTqncoJAz01d2X6JwcIkJosQ="></latexit>

U(1)B ⇥ U(1)L
M3!1�! U(1)B23 ⇥ U(1)L23 ⇥ U(1)4R

M↵,M3!1�! U(1)B3 ⇥ U(1)L3 ⇥ U(2)6



<latexit sha1_base64="NyzeE0OJb1eLa6XI+tbRsuoKWTQ="></latexit>

U(1)[3]Y ⇥ U(1)[12]B�L ⇥ U(1)[2]T3R
⇥ U(1)[1]T3R

<latexit sha1_base64="vxXB7ezxpAbJxhgFiz9N95HVPFM=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrNHokevGIiQsY2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsrNf2qd9p76JUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3UXPvziv16zyOIhzBMVTBg0uowy00wAcCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8ASqmOSQ==</latexit>

U(1)Y

<latexit sha1_base64="htHJ1tvrA4TWNPYW45DlNaLpuPs=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7SdduNmF3I5TQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTv32EyrNE/lgxin6MY0kDzmjxkqtiGYRkn6l6tbcGcgy8QpShQKNfuWrN0hYFqM0TFCtu56bGj+nynAmcFLuZRpTykY0wq6lksao/Xx27YScWmVAwkTZkobM1N8TOY21HseB7YypGepFbyr+53UzE177OZdpZlCy+aIwE8QkZPo6GXCFzIixJZQpbm8lbEgVZcYGVLYheIsvL5PWec27rLn3F9X6TRFHCY7hBM7Agyuowx00oAkMHuEZXuHNSZwX5935mLeuOMXMEfyB8/kDNqyO4w==</latexit>gauge

<latexit sha1_base64="5RhfpnQ7+CK4F7mms8i+cWdUMf0=">AAACFnicbZDNSsNAFIVv/K31L+rSTbAIdWFJRNFl0Y3LCqYttCFMJpN26GQSZiZCCX0KN76KGxeKuBV3vo2TNgttPTBw+O693LknSBmVyra/jaXlldW19cpGdXNre2fX3NtvyyQTmLg4YYnoBkgSRjlxFVWMdFNBUBww0glGN0W980CEpAm/V+OUeDEacBpRjJRGvnnq1p0TP898Z9JXNCayOgPhPCAaVH2zZjfsqaxF45SmBqVavvnVDxOcxYQrzJCUPcdOlZcjoShmZFLtZ5KkCI/QgPS05Ugv9PLpWRPrWJPQihKhH1fWlP6eyFEs5TgOdGeM1FDO1wr4X62XqejKyylPM0U4ni2KMmapxCoyskIqCFZsrA3Cguq/WniIBMJKJ1mE4MyfvGjaZw3nomHfndea12UcFTiEI6iDA5fQhFtogQsYHuEZXuHNeDJejHfjY9a6ZJQzB/BHxucPZ3qdAw==</latexit>

U(1)u1 ⇥ U(1)d1 ⇥ U(1)e1

<latexit sha1_base64="RJQllfUAppr5Vwa3a4jkskRh6uA=">AAACLnicbVBNS8MwGE7n15xfVY9egkOYl9EORY9DETxOsNtgKyVN0y0sTWuSCqPsF3nxr+hBUBGv/gyzrQe7+ULgeZ73K+/jJ4xKZVnvRmlldW19o7xZ2dre2d0z9w/aMk4FJg6OWSy6PpKEUU4cRRUj3UQQFPmMdPzR9TTfeSRC0pjfq3FC3AgNOA0pRkpLnnnj1BqnXvYw6SsaEVmZ07RIgyJlRUomFc+sWnVrFnAZ2DmogjxanvnaD2KcRoQrzJCUPdtKlJshoShmemA/lSRBeIQGpKchR3qdm83OncATrQQwjIV+XMGZ+rcjQ5GU48jXlRFSQ7mYm4r/5XqpCi/djPIkVYTj+aIwZVDFcOodDKggWLGxBggLqv8K8RAJhJV2eGqCvXjyMmg36vZ53bo7qzavcjvK4AgcgxqwwQVoglvQAg7A4Am8gA/waTwbb8aX8T0vLRl5zyEohPHzC9GeppE=</latexit>

U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ U(2)l ⇥ U(2)e

<latexit sha1_base64="RiB7/vQX4GBO9Y+homNLXatDkA0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0WNRBI8VmrbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHrT4YeLw3w8y8MBVcG9f9cgorq2vrG8XN0tb2zu5eef+gqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/Nbj6g0T2TDjFMMYjqQPOKMGiv5d2cNbPbKFbfqzkH+Ei8nFchR75U/u/2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKTqzSJ1GibElD5urPiQmNtR7Hoe2MqRnqZW8m/ud1MhNdBxMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX/5LmudV77LqPlxUajd5HEU4gmM4BQ+uoAb3UAcfGHB4ghd4daTz7Lw574vWgpPPHMIvOB/fEq6OMw==</latexit>

E/TeV

<latexit sha1_base64="pudkPm1l18WLXog0DE9u5jliYSM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0TJoYxnRmEByhL3NXLJkb+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvTKUwltJvr7Cyura+UdwsbW3v7O6V9w8eTZJpjg2eyES3QmZQCoUNK6zEVqqRxaHEZji8mfrNJ9RGJOrBjlIMYtZXIhKcWSfd+5R2yxVapTOQZeLnpAI56t3yV6eX8CxGZblkxrR9mtpgzLQVXOKk1MkMpowPWR/bjioWownGs1Mn5MQpPRIl2pWyZKb+nhiz2JhRHLrOmNmBWfSm4n9eO7PRVTAWKs0sKj5fFGWS2IRM/yY9oZFbOXKEcS3crYQPmGbcunRKLgR/8eVl8nhW9S+q9O68UrvO4yjCERzDKfhwCTW4hTo0gEMfnuEV3jzpvXjv3se8teDlM4fwB97nD1fajS0=</latexit>

100

<latexit sha1_base64="vLdFi7Rsc3pnoKAgrLlpZK8srgA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1Z17y8r9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AenEjPM=</latexit>

10

<latexit sha1_base64="XyUXFRwYO7j0cB7mO7mL1N2+Oa4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHoxWME88BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNh14WVCe9Utmv+DOgZRLkpAw56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOCqxoCbMZtdO0KlT+ihW2pW0aKb+nsiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6joQggWX14mzWoluKj4d+fl2nUeRwGO4QTOIIBLqMEt1KEBBB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARYCjs4=</latexit>

Z12

<latexit sha1_base64="6yCKZQ2ID+8k+Y1g/xUp6LmYR7M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/YLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWg/9tHY27ZcrbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwis/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6RVq3oXVffuvFK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8ZDY7Q</latexit>

Z23

<latexit sha1_base64="mzsevAoHfnDN+tXMGLnS8LrPV+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjF6Iruo0SPRi0dM5BFhQ2aHBibMzm5mZk3Iho/w4kFjvPo93vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fip+dhNK+eT026x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns3Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKa/kx5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf48jJpVMreZdm9vyhVb7I48nAEx3AGHlxBFe6gBnVgMIJneIU3J3ZenHfnY96ac7KZQ/gD5/MHey2PAQ==</latexit>

Z 0
23

<latexit sha1_base64="VD03uMJPVUOQrm6rN28DyBXK54k=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8SEmsosfiB3isYNpCGsJmu2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LONDjOt7W0vLK6tl7aKG9ube/sVvb2W1pmilCPSC5VJ8KaciaoBww47aSK4iTitB0NbyZ++4kqzaR4hFFKgwT3BYsZwWAk3wvrp7em7sJ6WKk6NWcKe5G4BamiAs2w8tXtSZIlVADhWGvfdVIIcqyAEU7H5W6maYrJEPepb6jACdVBPj15bB8bpWfHUpkSYE/V3xM5TrQeJZHpTDAM9Lw3Ef/z/AziqyBnIs2ACjJbFGfcBmlP/rd7TFECfGQIJoqZW20ywAoTMCmVTQju/MuLpHVWcy9qzsN5tXFdxFFCh+gInSAXXaIGukdN5CGCJHpGr+jNAuvFerc+Zq1LVjFzgP7A+vwBIBiP2A==</latexit>

U3, D3, E3

<latexit sha1_base64="JKkBTCkuGW0IiU57UnU+aXWp2uA=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILqQkouiyeAGXFUxbaEM4mU7aoZNJmJkIpRTc+CpuXCji1pdw59s4bSNo6w8DH/85hzPnD1POlHacL2tufmFxabmwUlxdW9/YtLe2ayrJJKEeSXgiGyEoypmgnmaa00YqKcQhp/Wwdzmq1++pVCwRd7qfUj+GjmARI6CNFdi7XtACnnbh6OoHrnMI7JJTdsbCs+DmUEK5qoH92WonJIup0ISDUk3XSbU/AKkZ4XRYbGWKpkB60KFNgwJiqvzB+IYhPjBOG0eJNE9oPHZ/TwwgVqofh6YzBt1V07WR+V+tmeno3B8wkWaaCjJZFGUc6wSPAsFtJinRvG8AiGTmr5h0QQLRJraiCcGdPnkWasdl97Ts3J6UKhd5HAW0h/bRIXLRGaqgG1RFHiLoAT2hF/RqPVrP1pv1Pmmds/KZHfRH1sc3GSuXLA==</latexit>

U↵, D↵, E↵

<latexit sha1_base64="WlMDC5WllD4FHSpzBzwxNOwU71A=">AAAB+nicbZDNTgIxFIXv4B/i36BLN43EBDZkBjW6JLpxidFBEpiQTulAQ6czaTsagjyKGxca49YncefbWGAWCp6kyZdz7829PUHCmdKO823lVlbX1jfym4Wt7Z3dPbu431RxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4PQ+GF5N6/cPVCoWizs9Sqgf4b5gISNYG6trF2+98kmlo1lEFTJcq3TtklN1ZkLL4GZQgkyNrv3V6cUkjajQhGOl2q6TaH+MpWaE00mhkyqaYDLEfdo2KLBZ5Y9np0/QsXF6KIyleUKjmft7YowjpUZRYDojrAdqsTY1/6u1Ux1e+GMmklRTQeaLwpQjHaNpDqjHJCWajwxgIpm5FZEBlphok1bBhOAufnkZmrWqe1Z1bk5L9cssjjwcwhGUwYVzqMM1NMADAo/wDK/wZj1ZL9a79TFvzVnZzAH8kfX5A6YNkk4=</latexit>

SU(3)⇥ SU(2)Universal
left understood

<latexit sha1_base64="8zzAwfId3Txy790w0BGMleVVNSw=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoiii5L3bhwUcG0hTaEyXTaDp08mJkIIdRfceNCEbd+iDv/xmmahbYeGDj3nHu5d44fcyaVZX0bpbX1jc2t8nZlZ3dv/8A8POrIKBGEOiTikej5WFLOQuoopjjtxYLiwOe0609v5n73kQrJovBBpTF1AzwO2YgRrLTkmVWnbp95rYFiAZUoL+48s2Y1rBxoldgFqUGBtmd+DYYRSQIaKsKxlH3bipWbYaEY4XRWGSSSxphM8Zj2NQ2x3uVm+fEzdKqVIRpFQr9QoVz9PZHhQMo08HVngNVELntz8T+vn6jRtZuxME4UDcli0SjhSEVongQaMkGJ4qkmmAimb0VkggUmSudV0SHYy19eJZ3zhn3ZsO4vas1WEUcZjuEE6mDDFTThFtrgAIEUnuEV3own48V4Nz4WrSWjmKnCHxifP/CVkwU=</latexit>

U(1)B ⇥ U(1)LUniversal
left understood

Neutral vectors

VL fermions

The overall picture

<latexit sha1_base64="vl4a0E7QXNd32Z1sjqa11BxqhEM=">AAACKnicbVDLTsJAFJ3iC/GFunQzkZjAQtKCRpeIGxcu0FDAQGmmwwATpo/MTE1I0+9x46+4YaEhbv0Qh4KJgie5yck59+bee5yAUSF1faql1tY3NrfS25md3b39g+zhUUP4IcfExD7zectBgjDqEVNSyUgr4AS5DiNNZ3Q785vPhAvqe3U5DojlooFH+xQjqSQ7e2PmjYL91I3y5UIMO5K6RMBEi6rn93E3ahsla8mo21H5Mf7x7GxOL+oJ4CoxFiQHFqjZ2Umn5+PQJZ7EDAnRNvRAWhHikmJG4kwnFCRAeIQGpK2oh9RmK0pejeGZUnqw73NVnoSJ+nsiQq4QY9dRnS6SQ7HszcT/vHYo+9dWRL0glMTD80X9kEHpw1lusEc5wZKNFUGYU3UrxEPEEZYq3YwKwVh+eZU0SkXjsqg/XOQq1UUcaXACTkEeGOAKVMAdqAETYPAC3sA7+NBetYk21T7nrSltMXMM/kD7+gZppqRH</latexit>

U(1)(3)Y ⇥ U(1)[12]B�L ⇥ U(1)[12]T3R

<latexit sha1_base64="R3ZqwDIaBi9XxfThkt7jLns8LKQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4kJKIogeRohePFewHJKFstpt26WY37E6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvCgV3IDrfjtLyyura+uljfLm1vbObmVvv2VUpilrUiWU7kTEMMElawIHwTqpZiSJBGtHw7uJ335i2nAlH2GUsjAhfcljTglYyb8O6ICfBumA33QrVbfmToEXiVeQKirQ6Fa+gp6iWcIkUEGM8T03hTAnGjgVbFwOMsNSQoekz3xLJUmYCfPpyWN8bJUejpW2JQFP1d8TOUmMGSWR7UwIDMy8NxH/8/wM4qsw5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SFpnNe+i5j6cV+u3RRwldIiO0Any0CWqo3vUQE1EkULP6BW9OeC8OO/Ox6x1ySlmDtAfOJ8/gfGQvw==</latexit>

< �,� >

<latexit sha1_base64="OgcGedIdjP+SLA4Cqb17lBE20hg=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV1R9CBS9OKxgv2AdinZNNuGJtk1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzwkRwYz3vGy0tr6yurRc2iptb2zu7pb39holTTVmdxiLWrZAYJrhidcutYK1EMyJDwZrh8HbiN5+YNjxWD3aUsECSvuIRp8Q6qXXVMbwvyXW3VPYq3hR4kfg5KUOOWrf01enFNJVMWSqIMW3fS2yQEW05FWxc7KSGJYQOSZ+1HVVEMhNk03vH+NgpPRzF2pWyeKr+nsiINGYkQ9cpiR2YeW8i/ue1UxtdBhlXSWqZorNFUSqwjfHkedzjmlErRo4Qqrm7FdMB0YRaF1HRheDPv7xIGqcV/7zi3Z+Vqzd5HAU4hCM4AR8uoAp3UIM6UBDwDK/whh7RC3pHH7PWJZTPHMAfoM8fpJePtQ==</latexit>

< � >

<latexit sha1_base64="lXRNbGH2uZDdjsBr7sMHQVHgDPM=">AAACInicbVDLSsNAFJ3UVxtfUZduBovgqiQ+UBdC0Y0boYJ9QBPCZDpJh04mYWYilNBvceOvuHGhqCvBj3GaZqHVAwPnnnPvzNwTpIxKZdufRmVhcWl5pVozV9fWNzatre2OTDKBSRsnLBG9AEnCKCdtRRUjvVQQFAeMdIPR1dTv3hMhacLv1DglXowiTkOKkdKSb52bNZekkjJduJJGMYIX0A0Fwjl0GeIRI7DUXVGUkxze+Edw4lt1u2EXgH+JU5I6KNHyrXd3kOAsJlxhhqTsO3aqvBwJRbG+1nQzSVKERygifU05ion08mLFCdzXygCGidCHK1ioPydyFEs5jgPdGSM1lPPeVPzP62cqPPNyytNMEY5nD4UZgyqB07zggAqCFRtrgrCg+q8QD5HOR+lUTR2CM7/yX9I5bDgnDfv2uN68LOOogl2wBw6AA05BE1yDFmgDDB7AE3gBr8aj8Wy8GR+z1opRzuyAXzC+vgGOMaMT</latexit>

✏� =
h�i
M3

<latexit sha1_base64="uAc9uGCJYBSOF82t9DXMkLtX2FU=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNGFStGNG6GCvUATwmQ6aYZOkmFmIpSQ53Djq7hxoYg7cePbOG2DaOsPAx//OYcz5/c5o1JZ1pdRmptfWFwqL1dWVtfWN8zNrZZMUoFJEycsER0fScJoTJqKKkY6XBAU+Yy0/cHVqN6+J0LSJL5TQ07cCPVjGlCMlLY803YIl5RpzBwc0gOHhzQ/dwKBcHb241zk2Y3nIMZDlHtm1apZY8FZsAuogkINz/xweglOIxIrzJCUXdviys2QUBQzklecVBKO8AD1SVdjjCIi3Wx8Wg73tNODQSL0ixUcu78nMhRJOYx83RkhFcrp2sj8r9ZNVXDqZjTmqSIxniwKUgZVAkc5wR4VBCs21ICwoPqvEIdIx6J0mhUdgj198iy0Dmv2cc26ParWL4s4ymAH7IJ9YIMTUAfXoAGaAIMH8ARewKvxaDwbb8b7pLVkFDPb4I+Mz29MqaGl</latexit>

✏�,� =
< �,� >

M↵

<latexit sha1_base64="sHAy6ObPKPydwBUu9CUyznITVz8=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKSyVAkCwVjBwlgk+pDaqLpxnNaqEwfbQVRRf4CFX2FhACFWdjb+BrfNAC1HsnR0zj26vsdPOFPacb6thcWl5ZXVwlpxfWNza9ve2W0okUpC60RwIVs+KMpZTOuaaU5biaQQ+Zw2/cHV2G/eU6mYiG/1MKFeBL2YhYyANlLXPoQkkeKhc5dCgHtc+MCnvAyEsIDGGvhx1y45FWcCPE/cnJRQjlrX/uoEgqSRiRMOSrVdJ9FeBlIzwumo2EkVTYAMoEfbhsYQUeVlk2tG+MgoAQ6FNC/WeKL+TmQQKTWMfDMZge6rWW8s/ue1Ux1eeBmLk1TTmEwXhSnHWuBxNThgkhLNh4YAkcz8FZM+SCDaFFg0JbizJ8+TxknFPas4N6el6mVeRwHtowNURi46R1V0jWqojgh6RM/oFb1ZT9aL9W59TEcXrDyzh/7A+vwBdrKbyQ==</latexit>

approx global (accidental)



And similarly
for

<latexit sha1_base64="f+mK00hVNl6pUhouKFwMWVuPF+c=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiF48V7Ie0oWw203bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5D3OqLFS66GbheQUx91S2a24U5BF4uWkDDlq3dJXJ4xZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkpIerGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unpnflZ1wmqUHJZot6qSAmJpPnScgVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXvouLenZer13kcBTiEIzgBDy6hCrdQgzowEPAMr/DmPDovzrvzMWtdcvKZA/gD5/MHcK2Pkw==</latexit>

Yd,e

<latexit sha1_base64="f+qgDSGgGlaXNW4Gw5+bqqKlbro=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0Y1QdONGqGAf0CnlTpppQzOZkGSEMvR33PgrbhQUdeuPmGm70NYLgfO4N8k9oeRMG8/7dApLyyura8V1d2Nza3untLvX0EmqCK2ThCeqFYKmnAlaN8xw2pKKQhxy2gyH17nffKBKs0Tcm5GknRj6gkWMgLFSt1R13YBKzbglWSAHDI/xJcZBpIBkOOAg+pxanjs4UBM6zvBtNwAuB4DH3VLZq3iTwovAn4EymlWtW3oNeglJYyoM4aB12/ek6WSgDCP2bjdINZVAhtCnbQsFxFR3ssmmY3xklR6OEmWPMHii/p7IINZ6FIe2MwYz0PNeLv7ntVMTXXQyJmRqqCDTh6KUY5PgPDbcY4oSw0cWAFHM/hWTAdiQjA3XtSH48ysvgsZJxT+reHen5erVLI4iOkCH6Bj56BxV0Q2qoToi6BE9ozf07jw5L86H8zVtLTizmX30p5zvHyYUpWE=</latexit>

✏� =
h�i
M↵

<latexit sha1_base64="3C53WZTOPXbmBoJOeSuXkmx+anw=">AAACKHicbVBNS8MwGE7n16xfVY9egkPwNFpR9CIOvXgRJrgPWMd4m6VbWJqWJBVG2c/x4l/xIqLIrv4Ss64Hnb4QeD7eN8n7BAlnSrvu1CotLa+srpXX7Y3Nre0dZ3evqeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3cz81iOVisXiQY8T2o1gIFjICGgj9Zwr2/Zpohg3JPPJkOEJvsTYDyWQDPscxIBTw2eOL3M2yfBdzweeDAFPek7Frbp54b/AK0AFFVXvOW9+PyZpRIUmHJTqeG6iuxlIzYi52/ZTRRMgIxjQjoECIqq6Wb7oBB8ZpY/DWJojNM7VnxMZREqNo8B0RqCHatGbif95nVSHF92MiSTVVJD5Q2HKsY7xLDXcZ5ISzccGAJHM/BWTIZiMtMnWNiF4iyv/Bc2TqndWde9PK7XrIo4yOkCH6Bh56BzV0C2qowYi6Am9oHf0YT1br9anNZ23lqxiZh/9KuvrG5P8pR0=</latexit>

✏� =
h�i
M↵

<latexit sha1_base64="lXRNbGH2uZDdjsBr7sMHQVHgDPM=">AAACInicbVDLSsNAFJ3UVxtfUZduBovgqiQ+UBdC0Y0boYJ9QBPCZDpJh04mYWYilNBvceOvuHGhqCvBj3GaZqHVAwPnnnPvzNwTpIxKZdufRmVhcWl5pVozV9fWNzatre2OTDKBSRsnLBG9AEnCKCdtRRUjvVQQFAeMdIPR1dTv3hMhacLv1DglXowiTkOKkdKSb52bNZekkjJduJJGMYIX0A0Fwjl0GeIRI7DUXVGUkxze+Edw4lt1u2EXgH+JU5I6KNHyrXd3kOAsJlxhhqTsO3aqvBwJRbG+1nQzSVKERygifU05ion08mLFCdzXygCGidCHK1ioPydyFEs5jgPdGSM1lPPeVPzP62cqPPNyytNMEY5nD4UZgyqB07zggAqCFRtrgrCg+q8QD5HOR+lUTR2CM7/yX9I5bDgnDfv2uN68LOOogl2wBw6AA05BE1yDFmgDDB7AE3gBr8aj8Wy8GR+z1opRzuyAXzC+vgGOMaMT</latexit>

✏� =
h�i
M3

<latexit sha1_base64="HTkh0ehKeVbRYtEJycDeyiVoX9E=">AAAB9HicdVDLSsNAFJ3UV42vqks3g0VwFZL06a7oxmUV2wptKJPppB06ycSZSaWEfocbF4q49WPc+TdO2goqeuDC4Zx7ufceP2ZUKtv+MHIrq2vrG/lNc2t7Z3evsH/QljwRmLQwZ1zc+kgSRiPSUlQxchsLgkKfkY4/vsj8zoQISXl0o6Yx8UI0jGhAMVJa8szeNR2OFBKC38N+oWhbZ/WqW3Ghbdl2zS1VM+LWym4JOlrJUARLNPuF996A4yQkkcIMSdl17Fh5KRKKYkZmZi+RJEZ4jIakq2mEQiK9dH70DJ5oZQADLnRFCs7V7xMpCqWchr7uDJEayd9eJv7ldRMV1L2URnGiSIQXi4KEQcVhlgAcUEGwYlNNEBZU3wrxCAmElc7J1CF8fQr/J23XciqWfVUuNs6XceTBETgGp8ABNdAAl6AJWgCDO/AAnsCzMTEejRfjddGaM5Yzh+AHjLdPg/yR8w==</latexit>)

Yukawa couplings

All charged fermion masses and           reproduced with
<latexit sha1_base64="cHwWuVolqtgGv07cSMJF/d3GBd4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeiz2IohQwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl3321lZXVvf2CxsFbd3dvf2SweHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvBqDb1W09cGxGrRxwn3I/oQIlQMIpWajV7We3uftIrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu6EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0zyveZcV9uChXb/I4CnAMJ3AGHlxBFW6hDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucP7PSPTA==</latexit>

VCKM

<latexit sha1_base64="ZFy1WRb1r2HqVFWQi48CztUAHLU=">AAACG3icbVC7SgNBFJ31GeMramkzGASLEHaDokWKoI2FRRTzgGRdZic3yZjZ2XVmVghL/sPGX7GxUMRKsPBvnDwKTXLgwuGce7n3Hj/iTGnb/rEWFpeWV1ZTa+n1jc2t7czOblWFsaRQoSEPZd0nCjgTUNFMc6hHEkjgc6j5vYuhX3sEqVgobnU/AjcgHcHajBJtJC9TaFS8m7skzrVyMHC9hDUFPOD7AS4WsbGu5lheJmvn7RHwLHEmJIsmKHuZr2YrpHEAQlNOlGo4dqTdhEjNKIdBuhkriAjtkQ40DBUkAOUmo98G+NAoLdwOpSmh8Uj9O5GQQKl+4JvOgOiumvaG4jyvEev2mZswEcUaBB0vascc6xAPg8ItJoFq3jeEUMnMrZh2iSRUmzjTJgRn+uVZUi3knZO8fX2cLZ1P4kihfXSAjpCDTlEJXaIyqiCKntALekPv1rP1an1Yn+PWBWsys4f+wfr+BYhnoH0=</latexit>

[Uu,d,e
R ]i 6=j << [Uu,d,e

L ]i 6=j

<latexit sha1_base64="gsOdK2hirZS/4jF0uw127TmpKXo="></latexit>

Uu,d,e
L ⇡ VCKM (Uu

LU
d+
L = VCKM )

<latexit sha1_base64="nNWa4Qy/wN6Ae/V1B7K9qEG1ir0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbRU0hE0YtQ9OKxgv2ANpTNZtMu3WzC7qYQS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ScKe2639bK6tr6xmZpq7y9s7tXsfcPmirJJKENkvBEtgOsKGeCNjTTnLZTSXEccNoKhndTvzWiUrFEPOo8pX6M+4JFjGBtpJ5dyU8VukGu43VDNkJez666jjsDWiZeQapQoN6zv7phQrKYCk04Vqrjuan2x1hqRjidlLuZoikmQ9ynHUMFjqnyx7PDJ+jEKCGKEmlKaDRTf0+McaxUHgemM8Z6oBa9qfif18l0dO2PmUgzTQWZL4oyjnSCpimgkElKNM8NwUQycysiAywx0SarsgnBW3x5mTTPHe/ScR8uqrXbIo4SHMExnIEHV1CDe6hDAwhk8Ayv8GY9WS/Wu/Uxb12xiplD+APr8wfyLJFU</latexit>

y0s = 0.1÷ 1
<latexit sha1_base64="3Ol/e+THfn/5YU6+wPFe+EC3bAc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiSi6LLoxmUF+4AmhMlk0g6dTIaZSbGE4MZfceNCEbd+hTv/xmmbhbYeuJfDOfcyc08oGFXacb6tpeWV1bX1ykZ1c2t7Z9fe22+rNJOYtHDKUtkNkSKMctLSVDPSFZKgJGSkEw5vJn5nRKSiKb/XY0H8BPU5jSlG2kiBfejFEuF8FGSFaVHhISFk+gBdJ7BrTt2ZAi4StyQ1UKIZ2F9elOIsIVxjhpTquY7Qfo6kppiRoupligiEh6hPeoZylBDl59MTCnhilAjGqTTFNZyqvzdylCg1TkIzmSA9UPPeRPzP62U6vvJzykWmCcezh+KMQZ3CSR4wopJgzcaGICyp+SvEA2Qy0Sa1qgnBnT95kbTP6u5F3bk7rzWuyzgq4Agcg1PggkvQALegCVoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP5uGl4s=</latexit>vu
vd

⇡ 10
<latexit sha1_base64="R2HOxpCS8COFHf5m/F+wrYe3Brk="></latexit>

✏�, ✏�, ✏� = (0.5÷ 2) · 10�1 and

<latexit sha1_base64="HTkh0ehKeVbRYtEJycDeyiVoX9E=">AAAB9HicdVDLSsNAFJ3UV42vqks3g0VwFZL06a7oxmUV2wptKJPppB06ycSZSaWEfocbF4q49WPc+TdO2goqeuDC4Zx7ufceP2ZUKtv+MHIrq2vrG/lNc2t7Z3evsH/QljwRmLQwZ1zc+kgSRiPSUlQxchsLgkKfkY4/vsj8zoQISXl0o6Yx8UI0jGhAMVJa8szeNR2OFBKC38N+oWhbZ/WqW3Ghbdl2zS1VM+LWym4JOlrJUARLNPuF996A4yQkkcIMSdl17Fh5KRKKYkZmZi+RJEZ4jIakq2mEQiK9dH70DJ5oZQADLnRFCs7V7xMpCqWchr7uDJEayd9eJv7ldRMV1L2URnGiSIQXi4KEQcVhlgAcUEGwYlNNEBZU3wrxCAmElc7J1CF8fQr/J23XciqWfVUuNs6XceTBETgGp8ABNdAAl6AJWgCDO/AAnsCzMTEejRfjddGaM5Yzh+AHjLdPg/yR8w==</latexit>)

By integrating out the VL fermions



“Mid term” prospects in precision on BSM (Under current update)

Higgs couplings <latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>)

De Blas et al, 2025

<latexit sha1_base64="dfd9ClLx9kn4wrX875wvyPhNkCo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CZaCp7Irih6LXjxWsB/QXUo2zbah2SQkWbGU/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jMw0oU0iudSdGBvKmaBNyyynHaUpTmNO2/Hodua3H6k2TIoHO1Y0SvFAsIQRbJ0UhlgpLZ9Q4IfVXrni1/w50CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp6jqlD5KpHYlLJqrvycmODVmnMauM8V2aJa9mfif181sch1NmFCZpYIsFiUZR1aiWQCozzQllo8dwUQzdysiQ6wxsS6mkgshWH55lbTOa8Flzb+/qNRv8jiKcAKncAYBXEEd7qABTSCg4Ble4c3LvBfv3ftYtBa8fOYY/sD7/AHlO5Du</latexit>

⇡ 10%
<latexit sha1_base64="AwNhvbRBnwq8Obe7ZNO6+hpQAgY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJZCvZSkVPRY9OKxgv2AJpTNZtMu3WzC7qZQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZ5yecKW3b31Zha3tnd6+4Xzo4PDo+KZ+edVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT+4Xfm9KpWKxeNKzhHoRHgkWMoK1kdya4wZsihpXyK0OyxW7bi+BNomTkwrkaA/LX24QkzSiQhOOlRo4dqK9DEvNCKfzkpsqmmAywSM6MFTgiCovW948R1WjBCiMpSmh0VL9PZHhSKlZ5JvOCOuxWvcW4n/eINXhrZcxkaSaCrJaFKYc6RgtAkABk5RoPjMEE8nMrYiMscREm5hKJgRn/eVN0m3Uneu6/distO7yOIpwAZdQAwduoAUP0IYOEEjgGV7hzUqtF+vd+li1Fqx85hz+wPr8AYSvkAo=</latexit>

(1÷ 2)%

<latexit sha1_base64="CjvzIdV2dzudMgS1MLy5oYUGk6Y=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6qJ1plZ0WXTjsoK9QGdaMmmmhmYuJBmxhHkKN76KGxeKuBV3vo1pOwtt/SHw8Z9zODm/FzMqpGV9G7ml5ZXVtfx6YWNza3vH3N1riSjhmDRxxCLe8ZAgjIakKalkpBNzggKPkbY3uprU2/eECxqFt3IcEzdAw5D6FCOprb5ZdlAc8+gBlhyfI6zsmgV9r6fKdpqqU4gyPO4p+6Sa9s2iVbGmgotgZ1AEmRp988sZRDgJSCgxQ0J0bSuWrkJcUsxIWnASQWKER2hIuhpDFBDhqulZKTzSzgD6EdcvlHDq/p5QKBBiHHi6M0DyTszXJuZ/tW4i/QtX0TBOJAnxbJGfMCgjOMkIDignWLKxBoQ51X+F+A7peKROsqBDsOdPXoRWtWKfVaybWrF+mcWRBwfgEJSADc5BHVyDBmgCDB7BM3gFb8aT8WK8Gx+z1pyRzeyDPzI+fwBs5p2j</latexit>

⇡ (
140fb�1

3ab�1
)1/2

EWPT Not expected to improve due to 
parametric uncertainties

<latexit sha1_base64="zXB/RBf+Rwd6R07H1CyxyfUYpyE="></latexit>

�↵had(MZ) ! ±3 · 10�3, ↵S(MZ) ! ±1 · 10�3

<latexit sha1_base64="nI2jzkR70VpahQzMPcAxb6Vwfmk="></latexit>

(FCCee : �↵had(MZ) ! ±5 · 10�5, ↵S(MZ) ! ±2 · 10�4)



Unitarity triangle
<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>)

Flavour

A much too synthetic description! A FlavourPT Table long awaited!
(See Martinelli’s talk!?)

“Mid term” prospects in precision on BSM 



Flavour Precision Tests, a partial list (2022)

(No EDM’s,          , etc.)<latexit sha1_base64="hquECdze1VnhqcrZtmsWPJCxYzU=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaJYBWwsI5gYyB1hbrN3WbJ7e+zuKSGk8a/YWChi68+w89+4Sa7QxAcDj/dmmJkXZZxp43nfTmlpeWV1rbxe2djc2t5xd/daWuaK0CaRXKp2BJpyltKmYYbTdqYoiIjT+2hwPfHvH6jSTKZ3ZpjRUECSspgRMFbqugeByAPFkr4BpeQjpjhIQAjoulWv5k2BF4lfkCoq0Oi6X0FPklzQ1BAOWnd8LzPhCJRhhNNxJcg1zYAMIKEdS1MQVIej6QNjfGyVHo6lspUaPFV/T4xAaD0Uke0UYPp63puI/3md3MSX4YilWW5oSmaL4pxjI/EkDdxjihLDh5YAUczeikkfFBBjM6vYEPz5lxdJ67Tmn9e827Nq/aqIo4wO0RE6QT66QHV0gxqoiQgao2f0it6cJ+fFeXc+Zq0lp5jZR3/gfP4AuSSWdA==</latexit>µ ! e�

UTfit Collaboration

<latexit sha1_base64="gS8hJqq+/3DEXvSKeVndR8O9KX0=">AAACCnicbVDLSgMxFM3UV62vUZduokWoCGVGfOGq1I3gpop9QDstmTRtQzPJkGSUMnTtxl9x40IRt36BO//GtJ2Fth4SODnnXm7u8UNGlXacbys1N7+wuJRezqysrq1v2JtbFSUiiUkZCyZkzUeKMMpJWVPNSC2UBAU+I1W/fznyq/dEKir4nR6ExAtQl9MOxUgbqWXvFm9zxeZhQ9JuTyMpxQO8Nk8emXMAXad52rKzTt4ZA84SNyFZkKDUsr8abYGjgHCNGVKq7jqh9mIkNcWMDDONSJEQ4T7qkrqhHAVEefF4lSHcN0obdoQ0l2s4Vn93xChQahD4pjJAuqemvZH4n1ePdOfciykPI004ngzqRAxqAUe5wDaVBGs2MARhSc1fIe4hibA26WVMCO70yrOkcpR3T/LOzXG2cJHEkQY7YA/kgAvOQAFcgRIoAwwewTN4BW/Wk/VivVsfk9KUlfRsgz+wPn8AcqyYzQ==</latexit>

BR(B+ ! K+⌫⌫)106
<latexit sha1_base64="X7iTDqrDk8RvvK5CPtn9aRLrI18=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGFMVV0Y3gpop9QGdaMmnahmaSIckoZegfuPFX3LhQxK1bd/6NaTsLbT3cC4dz7iW5J4gYVdpxvq3M3PzC4lJ2Obeyura+YW9uVZWIJSYVLJiQ9QApwignFU01I/VIEhQGjNSC/uXIr90Tqajgd3oQET9EXU47FCNtpJa9f3FbuG4eepJ2expJKR6gF1Ej8NjUAXSdZuK6w5add4rOGHCWuCnJgxTllv3ltQWOQ8I1ZkiphutE2k+Q1BQzMsx5sSIRwn3UJQ1DOQqJ8pPxPUO4Z5Q27Ahpmms4Vn9vJChUahAGZjJEuqemvZH4n9eIdefMTyiPYk04njzUiRnUAo7CgW0qCdZsYAjCkpq/QtxDEmFtIsyZENzpk2dJ9ajonhSdm+N86TyNIwt2wC4oABecghK4AmVQARg8gmfwCt6sJ+vFerc+JqMZK93ZBn9gff4AmJmbFg==</latexit>

BR(K+ ! ⇡+⌫⌫)1011

<latexit sha1_base64="gpRLPY6zDggzJw4kkZMQY5zXXyE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVSqeCl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3qBSrXzvvFkltx50CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxITXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJq1rxriru/WWpfpPFkYcTOIUyeFCDOtxBA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPgkqNvw==</latexit>

23(7)
<latexit sha1_base64="bExSldB4sb77HW0HHDarth1KqDc=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7KrlhZPBS8eK9gPaZeSTbNtaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZuJ7+7t39wWDg6buo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVjm5nfuuJKs1i+WDGCQ0EHkgWMYKNlR7LbrmKSleVi16h6LneHGiV+BkpQoZ6r/DV7cckFVQawrHWHd9LTDDByjDC6TTfTTVNMBnhAe1YKrGgOpjMD56ic6v0URQrW9Kgufp7YoKF1mMR2k6BzVAvezPxP6+TmqgaTJhMUkMlWSyKUo5MjGbfoz5TlBg+tgQTxeytiAyxwsTYjPI2BH/55VXSvHT9suvdXxdrN1kcOTiFMyiBDxWowR3UoQEEBDzDK7w5ynlx3p2PReuak82cwB84nz/kyY57</latexit>

5.58(37)
<latexit sha1_base64="94dNBd69Qa13GtGnweVftCY4qbI=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiZZmV+MBTwIvHCOaByRJmJ7PJkNnZZWZWCEv+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE1wbjb2dldW19Y7OwVdze2d3bLx0cNnWcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjG6nfuuJKc1j+WDGCfMjMpA85JQYKz162L1ElaqLz3qlMnbxDGiZeDkpQ456r/TV7cc0jZg0VBCtOx5OjJ8RZTgVbFLsppolhI7IgHUslSRi2s9mF0/QqVX6KIyVLWnQTP09kZFI63EU2M6ImKFe9Kbif14nNeG1n3GZpIZJOl8UpgKZGE3fR32uGDVibAmhittbER0SRaixIRVtCN7iy8ukee56Fy6+r5ZrN3kcBTiGE6iAB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8ANxKOog==</latexit>

10.6(4.0)
<latexit sha1_base64="laren3rzkLc25RKgNDcA3hdWLCU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiZdn1FfUU8OIxgnlIsoTZySQZMjO7zMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3hTFn2njet7O0vLK6tp7byG9ube/sFvb26zpKFKE1EvFINUOsKWeS1gwznDZjRbEIOW2Ew9uJ33iiSrNIPphRTAOB+5L1GMHGSo/X7pmPSuXLk06h6LneFGiR+BkpQoZqp/DV7kYkEVQawrHWLd+LTZBiZRjhdJxvJ5rGmAxxn7YslVhQHaTTg8fo2Cpd1IuULWnQVP09kWKh9UiEtlNgM9Dz3kT8z2slpncVpEzGiaGSzBb1Eo5MhCbfoy5TlBg+sgQTxeytiAywwsTYjPI2BH/+5UVSP3X9C9e7Py9WbrI4cnAIR1ACH8pQgTuoQg0ICHiGV3hzlPPivDsfs9YlJ5s5gD9wPn8A4bmOeQ==</latexit>

9.31(76)

<latexit sha1_base64="yKxB/LAaI8CxKOArCusNZ34X9qk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkiKRfFU8OKxgmkLbSib7aZdursJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp219Y3Nre3STnl3b//gsHJ03NJJpggNSMIT1YmwppxJGhhmOO2kimIRcdqOxnczv/1ElWaJfDSTlIYCDyWLGcHGSsElqrn1fqXqud4caJX4BalCgWa/8tUbJCQTVBrCsdZd30tNmGNlGOF0Wu5lmqaYjPGQdi2VWFAd5vNjp+jcKgMUJ8qWNGiu/p7IsdB6IiLbKbAZ6WVvJv7ndTMT34Q5k2lmqCSLRXHGkUnQ7HM0YIoSwyeWYKKYvRWREVaYGJtP2YbgL7+8Slo116+73sNVtXFbxFGCUziDC/DhGhpwD00IgACDZ3iFN0c6L86787FoXXOKmRP4A+fzBxgbjYg=</latexit>

+2.5
<latexit sha1_base64="RSUoliz6NaZakeZLz5Q2Ur5Eyls=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIISkn8QPFU8OKxgmkLbSmb7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3t102casZ9FstYNwNquBSK+yhQ8maiOY0CyRvB8G7iN564NiJWjzhKeCeifSVCwShayT8l7tlFt1R2K+4UZJF4OSlDjlq39NXuxSyNuEImqTEtz02wk1GNgkk+LrZTwxPKhrTPW5YqGnHTyabHjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif10oxvOlkQiUpcsVmi8JUEozJ5HPSE5ozlCNLKNPC3krYgGrK0OZTtCF48y8vkvp5xbuquA+X5eptHkcBDuEITsCDa6jCPdTABwYCnuEV3hzlvDjvzsesdcnJZw7gD5zPHw79jYI=</latexit>

+0, 3

<latexit sha1_base64="zU58DTcNIqRQ7EDVvIQUKVJ+zg8=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiAfjblD0GNSDxwjmAcm6zE4myZDZhzO9Qtjk4K948aCIV3/Dm3/jJNmDJhY0FFXddHd5keAKLOvbyCwsLi2vZFdza+sbm1vm9k5NhbGkrEpDEcqGRxQTPGBV4CBYI5KM+J5gda9/Nfbrj0wqHgZ3MIiY45NuwDucEtCSa+4Vhg8n0dC9PraPWsB9prBt3ZdcM28VrQnwPLFTkkcpKq751WqHNPZZAFQQpZq2FYGTEAmcCjbKtWLFIkL7pMuamgZEb3KSyf0jfKiVNu6EUlcAeKL+nkiIr9TA93SnT6CnZr2x+J/XjKFz4SQ8iGJgAZ0u6sQCQ4jHYeA2l4yCGGhCqOT6Vkx7RBIKOrKcDsGefXme1EpF+6xo3Z7my5dpHFm0jw5QAdnoHJXRDaqgKqJoiJ7RK3oznowX4934mLZmjHRmF/2B8fkDeF6UdA==</latexit>

(|q/p|D � 1)⇥ 102
<latexit sha1_base64="A7v1MCDR2mbe3uWU+TpUtj7QVJY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUzTBTLLosunFZwT5gOpRMmmlDM8mQ3BFK6We4caGIW7/GnX9j2s5CWw8ETs65l3vviVLBDXjet1PY2Nza3inulvb2Dw6PyscnbaMyTVmLKqF0NyKGCS5ZCzgI1k01I0kkWCca3839zhPThiv5CJOUhQkZSh5zSsBKged6dVytuXXvsl+u2N8CeJ34OamgHM1++as3UDRLmAQqiDGB76UQTokGTgWblXqZYSmhYzJkgaWSJMyE08XKM3xhlQGOlbZPAl6ovzumJDFmkkS2MiEwMqveXPzPCzKIb8Ipl2kGTNLloDgTGBSe348HXDMKYmIJoZrbXTEdEU0o2JRKNgR/9eR10q65ft31Hq4qjds8jiI6Q+eoinx0jRroHjVRC1Gk0DN6RW8OOC/Ou/OxLC04ec8p+gPn8weqco7l</latexit>

0.05(2.50)
<latexit sha1_base64="VIVUodHMueuJC0B/TCvSq0au+iM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy5KVij0WvXisYD+kXUo2zbah2eySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QSK4Nhh/O2vrG5tb24Wd4u7e/sFh6ei4peNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDvz209MaR7LBzNJmB+RoeQhp8RY6RG7NVSpuviiXypjF8+BVomXkzLkaPRLX71BTNOISUMF0brr4cT4GVGGU8GmxV6qWULomAxZ11JJIqb9bH7wFJ1bZYDCWNmSBs3V3xMZibSeRIHtjIgZ6WVvJv7ndVMT1vyMyyQ1TNLFojAVyMRo9j0acMWoERNLCFXc3oroiChCjc2oaEPwll9eJa1L17ty8X21XL/J4yjAKZxBBTy4hjrcQQOaQCGCZ3iFN0c5L86787FoXXPymRP4A+fzB8uOjnE=</latexit>

0.8(4.0)
<latexit sha1_base64="IGfN7IEV0o0Nc4j4z7/JM1j1VOM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JKIRY9FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkO76Z+84lrIxL1iKOUBzHtKxEJRtFK/oV77lW7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyjm2AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxWvGrFfbgq127zOApwDCdwBh5cQw3uoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+ADFujZ8=</latexit>�0, 15

<latexit sha1_base64="7AbOl3pMIB+wB7yRn8VgIBVfHuQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegHjzGRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/V3vuleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD79uNkQ==</latexit>

RD
<latexit sha1_base64="vIf3uaw5k8uu3KzhnMA5ocKQxhw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM6sFjFPOAZA2zk95kyOzsMjMrhCUf4cWDIl79Hm/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgG12O/8YRK81g+mGGCfkR7koecUWOlxn0nu3k8GXWKJbfsTkAWiTcjJZih2il+tbsxSyOUhgmqdctzE+NnVBnOBI4K7VRjQtmA9rBlqaQRaj+bnDsiR1bpkjBWtqQhE/X3REYjrYdRYDsjavp63huL/3mt1ISXfsZlkhqUbLooTAUxMRn/TrpcITNiaAllittbCetTRZmxCRVsCN78y4ukflr2zsvu3VmpcjWLIw8HcAjH4MEFVOAWqlADBgN4hld4cxLnxXl3PqatOWc2sw9/4Hz+ANAWjzk=</latexit>

RD⇤
<latexit sha1_base64="E7RWsFh9BIblXnv06FDqAsA4s5k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkJSLPZY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOuDgcd7M8zM82POlHacb6uwsbm1vVPcLe3tHxwelY9POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p7eZ332iUrFIPOhZTL0QjwULGMHaSI+OXWvUUdWtXQ7LFcd2FkDrxM1JBXK0huWvwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrx0cfEcXRhlhIJImhIaLdTfEykOlZqFvukMsZ6oVS8T//P6iQ4aXspEnGgqyHJRkHCkI5S9j0ZMUqL5zBBMJDO3IjLBEhNtQiqZENzVl9dJp2a7ddu5v6o0b/I4inAG51AFF66hCXfQgjYQEPAMr/BmKevFerc+lq0FK585hT+wPn8AR1qOsw==</latexit>

0.285(12)
<latexit sha1_base64="wf40jc12mXiqebC6MaMJNs3/lYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXpbd0qLHohePFeyHtEvJptk2NMkuSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8bye3sbm1vZPfLeztHxweFY9PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49u5336iSrNYPphJQgOBh5JFjGBjpUfPrdSqqFy77BdLnustgNaJn5ESZGj0i1+9QUxSQaUhHGvd9b3EBFOsDCOczgq9VNMEkzEe0q6lEguqg+ni4Bm6sMoARbGyJQ1aqL8nplhoPRGh7RTYjPSqNxf/87qpia6DKZNJaqgky0VRypGJ0fx7NGCKEsMnlmCimL0VkRFWmBibUcGG4K++vE5aFdevud59tVS/yeLIwxmcQxl8uII63EEDmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHU2I53</latexit>

0.254(5)

<latexit sha1_base64="VTBY6la4KvVStT3yuQb7aj5L1zA=">AAAB8XicbVDLTsJAFL3FF+ILdelmIjHBTdMCPpZENy4xkUeEhkyHKUyYTpuZqQlp+As3LjTGrX/jzr9xgC4UPMlNTs65N/fe48ecKe0431ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29nfvuJSsUi8aAnMfVCPBQsYARrIz06drVWQ+XK5Xm/WHJsZw60StyMlCBDo1/86g0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpL5xdP0ZlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvZm4n9eN9HBtZcyESeaCrJYFCQc6QjN3kcDJinRfGIIJpKZWxEZYYmJNiEVTAju8surpFWx3Qvbua+V6jdZHHk4gVMogwtXUIc7aEATCAh4hld4s5T1Yr1bH4vWnJXNHMMfWJ8/SM6OtA==</latexit>

0.344(26)
<latexit sha1_base64="5OMZEq1+UnSs/ghvsaZekg1RaeY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7JbKtZb0YvHCvZD2qVk07QNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhTFn2njet7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItUOsKWeSNgwznLZjRbEIOW2F49uZ33qiSrNIPphJTAOBh5INGMHGSo+eW76uolLlolcoeq43B1olfkaKkKHeK3x1+xFJBJWGcKx1x/diE6RYGUY4nea7iaYxJmM8pB1LJRZUB+n84Ck6t0ofDSJlSxo0V39PpFhoPRGh7RTYjPSyNxP/8zqJGVSDlMk4MVSSxaJBwpGJ0Ox71GeKEsMnlmCimL0VkRFWmBibUd6G4C+/vEqaZde/dL37SrF2k8WRg1M4gxL4cAU1uIM6NICAgGd4hTdHOS/Ou/OxaF1zspkT+APn8wffl45+</latexit>

0.298(4)
<latexit sha1_base64="uZBViYpJTLR1s6lUwyjED8+0dJ0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQkiqoseiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dlZW19Y3Nktb5e2d3b39ysFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dF5zL/qVqud6M6Bl4hekCgUa/cpXbxCTVFBpCMdad30vMUGGlWGE02m5l2qaYDLGQ9q1VGJBdZDNbp2iU6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroJMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT9mG4C++vExaNde/cr2Hy2r9toijBMdwAmfgwzXU4R4a0AQCI3iGV3hzhPPivDsf89YVp5g5gj9wPn8AwXeNZA==</latexit>

+2.3

<latexit sha1_base64="63aGTn5PQZzZAzbtgodXRnaMfbA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBEEIiSj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jk0oXv1gfVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEral65/7XoPV7XGbRFHGU7gFM7Bhzo04B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz/GAY1n</latexit>

+1.7

with some little integration



Current precision

<latexit sha1_base64="gS8hJqq+/3DEXvSKeVndR8O9KX0=">AAACCnicbVDLSgMxFM3UV62vUZduokWoCGVGfOGq1I3gpop9QDstmTRtQzPJkGSUMnTtxl9x40IRt36BO//GtJ2Fth4SODnnXm7u8UNGlXacbys1N7+wuJRezqysrq1v2JtbFSUiiUkZCyZkzUeKMMpJWVPNSC2UBAU+I1W/fznyq/dEKir4nR6ExAtQl9MOxUgbqWXvFm9zxeZhQ9JuTyMpxQO8Nk8emXMAXad52rKzTt4ZA84SNyFZkKDUsr8abYGjgHCNGVKq7jqh9mIkNcWMDDONSJEQ4T7qkrqhHAVEefF4lSHcN0obdoQ0l2s4Vn93xChQahD4pjJAuqemvZH4n1ePdOfciykPI004ngzqRAxqAUe5wDaVBGs2MARhSc1fIe4hibA26WVMCO70yrOkcpR3T/LOzXG2cJHEkQY7YA/kgAvOQAFcgRIoAwwewTN4BW/Wk/VivVsfk9KUlfRsgz+wPn8AcqyYzQ==</latexit>

BR(B+ ! K+⌫⌫)106
<latexit sha1_base64="X7iTDqrDk8RvvK5CPtn9aRLrI18=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGFMVV0Y3gpop9QGdaMmnahmaSIckoZegfuPFX3LhQxK1bd/6NaTsLbT3cC4dz7iW5J4gYVdpxvq3M3PzC4lJ2Obeyura+YW9uVZWIJSYVLJiQ9QApwignFU01I/VIEhQGjNSC/uXIr90Tqajgd3oQET9EXU47FCNtpJa9f3FbuG4eepJ2expJKR6gF1Ej8NjUAXSdZuK6w5add4rOGHCWuCnJgxTllv3ltQWOQ8I1ZkiphutE2k+Q1BQzMsx5sSIRwn3UJQ1DOQqJ8pPxPUO4Z5Q27Ahpmms4Vn9vJChUahAGZjJEuqemvZH4n9eIdefMTyiPYk04njzUiRnUAo7CgW0qCdZsYAjCkpq/QtxDEmFtIsyZENzpk2dJ9ajonhSdm+N86TyNIwt2wC4oABecghK4AmVQARg8gmfwCt6sJ+vFerc+JqMZK93ZBn9gff4AmJmbFg==</latexit>

BR(K+ ! ⇡+⌫⌫)1011

<latexit sha1_base64="gpRLPY6zDggzJw4kkZMQY5zXXyE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVSqeCl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3qBSrXzvvFkltx50CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxITXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJq1rxriru/WWpfpPFkYcTOIUyeFCDOtxBA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPgkqNvw==</latexit>

23(7)
<latexit sha1_base64="bExSldB4sb77HW0HHDarth1KqDc=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7KrlhZPBS8eK9gPaZeSTbNtaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZuJ7+7t39wWDg6buo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVjm5nfuuJKs1i+WDGCQ0EHkgWMYKNlR7LbrmKSleVi16h6LneHGiV+BkpQoZ6r/DV7cckFVQawrHWHd9LTDDByjDC6TTfTTVNMBnhAe1YKrGgOpjMD56ic6v0URQrW9Kgufp7YoKF1mMR2k6BzVAvezPxP6+TmqgaTJhMUkMlWSyKUo5MjGbfoz5TlBg+tgQTxeytiAyxwsTYjPI2BH/55VXSvHT9suvdXxdrN1kcOTiFMyiBDxWowR3UoQEEBDzDK7w5ynlx3p2PReuak82cwB84nz/kyY57</latexit>

5.58(37)
<latexit sha1_base64="94dNBd69Qa13GtGnweVftCY4qbI=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiZZmV+MBTwIvHCOaByRJmJ7PJkNnZZWZWCEv+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE1wbjb2dldW19Y7OwVdze2d3bLx0cNnWcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjG6nfuuJKc1j+WDGCfMjMpA85JQYKz162L1ElaqLz3qlMnbxDGiZeDkpQ456r/TV7cc0jZg0VBCtOx5OjJ8RZTgVbFLsppolhI7IgHUslSRi2s9mF0/QqVX6KIyVLWnQTP09kZFI63EU2M6ImKFe9Kbif14nNeG1n3GZpIZJOl8UpgKZGE3fR32uGDVibAmhittbER0SRaixIRVtCN7iy8ukee56Fy6+r5ZrN3kcBTiGE6iAB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8ANxKOog==</latexit>

10.6(4.0)
<latexit sha1_base64="laren3rzkLc25RKgNDcA3hdWLCU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiZdn1FfUU8OIxgnlIsoTZySQZMjO7zMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3hTFn2njet7O0vLK6tp7byG9ube/sFvb26zpKFKE1EvFINUOsKWeS1gwznDZjRbEIOW2Ew9uJ33iiSrNIPphRTAOB+5L1GMHGSo/X7pmPSuXLk06h6LneFGiR+BkpQoZqp/DV7kYkEVQawrHWLd+LTZBiZRjhdJxvJ5rGmAxxn7YslVhQHaTTg8fo2Cpd1IuULWnQVP09kWKh9UiEtlNgM9Dz3kT8z2slpncVpEzGiaGSzBb1Eo5MhCbfoy5TlBg+sgQTxeytiAywwsTYjPI2BH/+5UVSP3X9C9e7Py9WbrI4cnAIR1ACH8pQgTuoQg0ICHiGV3hzlPPivDsfs9YlJ5s5gD9wPn8A4bmOeQ==</latexit>

9.31(76)

<latexit sha1_base64="yKxB/LAaI8CxKOArCusNZ34X9qk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkiKRfFU8OKxgmkLbSib7aZdursJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp219Y3Nre3STnl3b//gsHJ03NJJpggNSMIT1YmwppxJGhhmOO2kimIRcdqOxnczv/1ElWaJfDSTlIYCDyWLGcHGSsElqrn1fqXqud4caJX4BalCgWa/8tUbJCQTVBrCsdZd30tNmGNlGOF0Wu5lmqaYjPGQdi2VWFAd5vNjp+jcKgMUJ8qWNGiu/p7IsdB6IiLbKbAZ6WVvJv7ndTMT34Q5k2lmqCSLRXHGkUnQ7HM0YIoSwyeWYKKYvRWREVaYGJtP2YbgL7+8Slo116+73sNVtXFbxFGCUziDC/DhGhpwD00IgACDZ3iFN0c6L86787FoXXOKmRP4A+fzBxgbjYg=</latexit>

+2.5
<latexit sha1_base64="RSUoliz6NaZakeZLz5Q2Ur5Eyls=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIISkn8QPFU8OKxgmkLbSmb7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3t102casZ9FstYNwNquBSK+yhQ8maiOY0CyRvB8G7iN564NiJWjzhKeCeifSVCwShayT8l7tlFt1R2K+4UZJF4OSlDjlq39NXuxSyNuEImqTEtz02wk1GNgkk+LrZTwxPKhrTPW5YqGnHTyabHjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif10oxvOlkQiUpcsVmi8JUEozJ5HPSE5ozlCNLKNPC3krYgGrK0OZTtCF48y8vkvp5xbuquA+X5eptHkcBDuEITsCDa6jCPdTABwYCnuEV3hzlvDjvzsesdcnJZw7gD5zPHw79jYI=</latexit>

+0, 3

<latexit sha1_base64="zU58DTcNIqRQ7EDVvIQUKVJ+zg8=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiAfjblD0GNSDxwjmAcm6zE4myZDZhzO9Qtjk4K948aCIV3/Dm3/jJNmDJhY0FFXddHd5keAKLOvbyCwsLi2vZFdza+sbm1vm9k5NhbGkrEpDEcqGRxQTPGBV4CBYI5KM+J5gda9/Nfbrj0wqHgZ3MIiY45NuwDucEtCSa+4Vhg8n0dC9PraPWsB9prBt3ZdcM28VrQnwPLFTkkcpKq751WqHNPZZAFQQpZq2FYGTEAmcCjbKtWLFIkL7pMuamgZEb3KSyf0jfKiVNu6EUlcAeKL+nkiIr9TA93SnT6CnZr2x+J/XjKFz4SQ8iGJgAZ0u6sQCQ4jHYeA2l4yCGGhCqOT6Vkx7RBIKOrKcDsGefXme1EpF+6xo3Z7my5dpHFm0jw5QAdnoHJXRDaqgKqJoiJ7RK3oznowX4934mLZmjHRmF/2B8fkDeF6UdA==</latexit>

(|q/p|D � 1)⇥ 102
<latexit sha1_base64="A7v1MCDR2mbe3uWU+TpUtj7QVJY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUzTBTLLosunFZwT5gOpRMmmlDM8mQ3BFK6We4caGIW7/GnX9j2s5CWw8ETs65l3vviVLBDXjet1PY2Nza3inulvb2Dw6PyscnbaMyTVmLKqF0NyKGCS5ZCzgI1k01I0kkWCca3839zhPThiv5CJOUhQkZSh5zSsBKged6dVytuXXvsl+u2N8CeJ34OamgHM1++as3UDRLmAQqiDGB76UQTokGTgWblXqZYSmhYzJkgaWSJMyE08XKM3xhlQGOlbZPAl6ovzumJDFmkkS2MiEwMqveXPzPCzKIb8Ipl2kGTNLloDgTGBSe348HXDMKYmIJoZrbXTEdEU0o2JRKNgR/9eR10q65ft31Hq4qjds8jiI6Q+eoinx0jRroHjVRC1Gk0DN6RW8OOC/Ou/OxLC04ec8p+gPn8weqco7l</latexit>

0.05(2.50)
<latexit sha1_base64="VIVUodHMueuJC0B/TCvSq0au+iM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy5KVij0WvXisYD+kXUo2zbah2eySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QSK4Nhh/O2vrG5tb24Wd4u7e/sFh6ei4peNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDvz209MaR7LBzNJmB+RoeQhp8RY6RG7NVSpuviiXypjF8+BVomXkzLkaPRLX71BTNOISUMF0brr4cT4GVGGU8GmxV6qWULomAxZ11JJIqb9bH7wFJ1bZYDCWNmSBs3V3xMZibSeRIHtjIgZ6WVvJv7ndVMT1vyMyyQ1TNLFojAVyMRo9j0acMWoERNLCFXc3oroiChCjc2oaEPwll9eJa1L17ty8X21XL/J4yjAKZxBBTy4hjrcQQOaQCGCZ3iFN0c5L86787FoXXPymRP4A+fzB8uOjnE=</latexit>

0.8(4.0)
<latexit sha1_base64="IGfN7IEV0o0Nc4j4z7/JM1j1VOM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JKIRY9FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkO76Z+84lrIxL1iKOUBzHtKxEJRtFK/oV77lW7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyjm2AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxWvGrFfbgq127zOApwDCdwBh5cQw3uoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+ADFujZ8=</latexit>�0, 15

<latexit sha1_base64="7AbOl3pMIB+wB7yRn8VgIBVfHuQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegHjzGRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/V3vuleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD79uNkQ==</latexit>

RD
<latexit sha1_base64="vIf3uaw5k8uu3KzhnMA5ocKQxhw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM6sFjFPOAZA2zk95kyOzsMjMrhCUf4cWDIl79Hm/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgG12O/8YRK81g+mGGCfkR7koecUWOlxn0nu3k8GXWKJbfsTkAWiTcjJZih2il+tbsxSyOUhgmqdctzE+NnVBnOBI4K7VRjQtmA9rBlqaQRaj+bnDsiR1bpkjBWtqQhE/X3REYjrYdRYDsjavp63huL/3mt1ISXfsZlkhqUbLooTAUxMRn/TrpcITNiaAllittbCetTRZmxCRVsCN78y4ukflr2zsvu3VmpcjWLIw8HcAjH4MEFVOAWqlADBgN4hld4cxLnxXl3PqatOWc2sw9/4Hz+ANAWjzk=</latexit>

RD⇤
<latexit sha1_base64="E7RWsFh9BIblXnv06FDqAsA4s5k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkJSLPZY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOuDgcd7M8zM82POlHacb6uwsbm1vVPcLe3tHxwelY9POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p7eZ332iUrFIPOhZTL0QjwULGMHaSI+OXWvUUdWtXQ7LFcd2FkDrxM1JBXK0huWvwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrx0cfEcXRhlhIJImhIaLdTfEykOlZqFvukMsZ6oVS8T//P6iQ4aXspEnGgqyHJRkHCkI5S9j0ZMUqL5zBBMJDO3IjLBEhNtQiqZENzVl9dJp2a7ddu5v6o0b/I4inAG51AFF66hCXfQgjYQEPAMr/BmKevFerc+lq0FK585hT+wPn8AR1qOsw==</latexit>

0.285(12)
<latexit sha1_base64="wf40jc12mXiqebC6MaMJNs3/lYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXpbd0qLHohePFeyHtEvJptk2NMkuSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8bye3sbm1vZPfLeztHxweFY9PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49u5336iSrNYPphJQgOBh5JFjGBjpUfPrdSqqFy77BdLnustgNaJn5ESZGj0i1+9QUxSQaUhHGvd9b3EBFOsDCOczgq9VNMEkzEe0q6lEguqg+ni4Bm6sMoARbGyJQ1aqL8nplhoPRGh7RTYjPSqNxf/87qpia6DKZNJaqgky0VRypGJ0fx7NGCKEsMnlmCimL0VkRFWmBibUcGG4K++vE5aFdevud59tVS/yeLIwxmcQxl8uII63EEDmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHU2I53</latexit>

0.254(5)

<latexit sha1_base64="VTBY6la4KvVStT3yuQb7aj5L1zA=">AAAB8XicbVDLTsJAFL3FF+ILdelmIjHBTdMCPpZENy4xkUeEhkyHKUyYTpuZqQlp+As3LjTGrX/jzr9xgC4UPMlNTs65N/fe48ecKe0431ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29nfvuJSsUi8aAnMfVCPBQsYARrIz06drVWQ+XK5Xm/WHJsZw60StyMlCBDo1/86g0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpL5xdP0ZlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvZm4n9eN9HBtZcyESeaCrJYFCQc6QjN3kcDJinRfGIIJpKZWxEZYYmJNiEVTAju8surpFWx3Qvbua+V6jdZHHk4gVMogwtXUIc7aEATCAh4hld4s5T1Yr1bH4vWnJXNHMMfWJ8/SM6OtA==</latexit>

0.344(26)
<latexit sha1_base64="5OMZEq1+UnSs/ghvsaZekg1RaeY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7JbKtZb0YvHCvZD2qVk07QNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhTFn2njet7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItUOsKWeSNgwznLZjRbEIOW2F49uZ33qiSrNIPphJTAOBh5INGMHGSo+eW76uolLlolcoeq43B1olfkaKkKHeK3x1+xFJBJWGcKx1x/diE6RYGUY4nea7iaYxJmM8pB1LJRZUB+n84Ck6t0ofDSJlSxo0V39PpFhoPRGh7RTYjPSyNxP/8zqJGVSDlMk4MVSSxaJBwpGJ0Ox71GeKEsMnlmCimL0VkRFWmBibUd6G4C+/vEqaZde/dL37SrF2k8WRg1M4gxL4cAU1uIM6NICAgGd4hTdHOS/Ou/OxaF1zspkT+APn8wffl45+</latexit>

0.298(4)
<latexit sha1_base64="uZBViYpJTLR1s6lUwyjED8+0dJ0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQkiqoseiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dlZW19Y3Nktb5e2d3b39ysFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dF5zL/qVqud6M6Bl4hekCgUa/cpXbxCTVFBpCMdad30vMUGGlWGE02m5l2qaYDLGQ9q1VGJBdZDNbp2iU6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroJMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT9mG4C++vExaNde/cr2Hy2r9toijBMdwAmfgwzXU4R4a0AQCI3iGV3hzhPPivDsf89YVp5g5gj9wPn8AwXeNZA==</latexit>

+2.3

<latexit sha1_base64="63aGTn5PQZzZAzbtgodXRnaMfbA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBEEIiSj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jk0oXv1gfVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEral65/7XoPV7XGbRFHGU7gFM7Bhzo04B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz/GAY1n</latexit>

+1.7
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Conceivable progress in the “mid-term” of flavour
w
ith strong correlations!

<latexit sha1_base64="gS8hJqq+/3DEXvSKeVndR8O9KX0=">AAACCnicbVDLSgMxFM3UV62vUZduokWoCGVGfOGq1I3gpop9QDstmTRtQzPJkGSUMnTtxl9x40IRt36BO//GtJ2Fth4SODnnXm7u8UNGlXacbys1N7+wuJRezqysrq1v2JtbFSUiiUkZCyZkzUeKMMpJWVPNSC2UBAU+I1W/fznyq/dEKir4nR6ExAtQl9MOxUgbqWXvFm9zxeZhQ9JuTyMpxQO8Nk8emXMAXad52rKzTt4ZA84SNyFZkKDUsr8abYGjgHCNGVKq7jqh9mIkNcWMDDONSJEQ4T7qkrqhHAVEefF4lSHcN0obdoQ0l2s4Vn93xChQahD4pjJAuqemvZH4n1ePdOfciykPI004ngzqRAxqAUe5wDaVBGs2MARhSc1fIe4hibA26WVMCO70yrOkcpR3T/LOzXG2cJHEkQY7YA/kgAvOQAFcgRIoAwwewTN4BW/Wk/VivVsfk9KUlfRsgz+wPn8AcqyYzQ==</latexit>

BR(B+ ! K+⌫⌫)106
<latexit sha1_base64="X7iTDqrDk8RvvK5CPtn9aRLrI18=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGFMVV0Y3gpop9QGdaMmnahmaSIckoZegfuPFX3LhQxK1bd/6NaTsLbT3cC4dz7iW5J4gYVdpxvq3M3PzC4lJ2Obeyura+YW9uVZWIJSYVLJiQ9QApwignFU01I/VIEhQGjNSC/uXIr90Tqajgd3oQET9EXU47FCNtpJa9f3FbuG4eepJ2expJKR6gF1Ej8NjUAXSdZuK6w5add4rOGHCWuCnJgxTllv3ltQWOQ8I1ZkiphutE2k+Q1BQzMsx5sSIRwn3UJQ1DOQqJ8pPxPUO4Z5Q27Ahpmms4Vn9vJChUahAGZjJEuqemvZH4n9eIdefMTyiPYk04njzUiRnUAo7CgW0qCdZsYAjCkpq/QtxDEmFtIsyZENzpk2dJ9ajonhSdm+N86TyNIwt2wC4oABecghK4AmVQARg8gmfwCt6sJ+vFerc+JqMZK93ZBn9gff4AmJmbFg==</latexit>

BR(K+ ! ⇡+⌫⌫)1011

<latexit sha1_base64="gpRLPY6zDggzJw4kkZMQY5zXXyE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVSqeCl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3qBSrXzvvFkltx50CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxITXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJq1rxriru/WWpfpPFkYcTOIUyeFCDOtxBA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPgkqNvw==</latexit>

23(7)
<latexit sha1_base64="bExSldB4sb77HW0HHDarth1KqDc=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7KrlhZPBS8eK9gPaZeSTbNtaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZuJ7+7t39wWDg6buo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVjm5nfuuJKs1i+WDGCQ0EHkgWMYKNlR7LbrmKSleVi16h6LneHGiV+BkpQoZ6r/DV7cckFVQawrHWHd9LTDDByjDC6TTfTTVNMBnhAe1YKrGgOpjMD56ic6v0URQrW9Kgufp7YoKF1mMR2k6BzVAvezPxP6+TmqgaTJhMUkMlWSyKUo5MjGbfoz5TlBg+tgQTxeytiAyxwsTYjPI2BH/55VXSvHT9suvdXxdrN1kcOTiFMyiBDxWowR3UoQEEBDzDK7w5ynlx3p2PReuak82cwB84nz/kyY57</latexit>

5.58(37)
<latexit sha1_base64="94dNBd69Qa13GtGnweVftCY4qbI=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiZZmV+MBTwIvHCOaByRJmJ7PJkNnZZWZWCEv+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE1wbjb2dldW19Y7OwVdze2d3bLx0cNnWcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjG6nfuuJKc1j+WDGCfMjMpA85JQYKz162L1ElaqLz3qlMnbxDGiZeDkpQ456r/TV7cc0jZg0VBCtOx5OjJ8RZTgVbFLsppolhI7IgHUslSRi2s9mF0/QqVX6KIyVLWnQTP09kZFI63EU2M6ImKFe9Kbif14nNeG1n3GZpIZJOl8UpgKZGE3fR32uGDVibAmhittbER0SRaixIRVtCN7iy8ukee56Fy6+r5ZrN3kcBTiGE6iAB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8ANxKOog==</latexit>

10.6(4.0)
<latexit sha1_base64="laren3rzkLc25RKgNDcA3hdWLCU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiZdn1FfUU8OIxgnlIsoTZySQZMjO7zMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3hTFn2njet7O0vLK6tp7byG9ube/sFvb26zpKFKE1EvFINUOsKWeS1gwznDZjRbEIOW2Ew9uJ33iiSrNIPphRTAOB+5L1GMHGSo/X7pmPSuXLk06h6LneFGiR+BkpQoZqp/DV7kYkEVQawrHWLd+LTZBiZRjhdJxvJ5rGmAxxn7YslVhQHaTTg8fo2Cpd1IuULWnQVP09kWKh9UiEtlNgM9Dz3kT8z2slpncVpEzGiaGSzBb1Eo5MhCbfoy5TlBg+sgQTxeytiAywwsTYjPI2BH/+5UVSP3X9C9e7Py9WbrI4cnAIR1ACH8pQgTuoQg0ICHiGV3hzlPPivDsfs9YlJ5s5gD9wPn8A4bmOeQ==</latexit>

9.31(76)

<latexit sha1_base64="yKxB/LAaI8CxKOArCusNZ34X9qk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkiKRfFU8OKxgmkLbSib7aZdursJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp219Y3Nre3STnl3b//gsHJ03NJJpggNSMIT1YmwppxJGhhmOO2kimIRcdqOxnczv/1ElWaJfDSTlIYCDyWLGcHGSsElqrn1fqXqud4caJX4BalCgWa/8tUbJCQTVBrCsdZd30tNmGNlGOF0Wu5lmqaYjPGQdi2VWFAd5vNjp+jcKgMUJ8qWNGiu/p7IsdB6IiLbKbAZ6WVvJv7ndTMT34Q5k2lmqCSLRXHGkUnQ7HM0YIoSwyeWYKKYvRWREVaYGJtP2YbgL7+8Slo116+73sNVtXFbxFGCUziDC/DhGhpwD00IgACDZ3iFN0c6L86787FoXXOKmRP4A+fzBxgbjYg=</latexit>

+2.5
<latexit sha1_base64="RSUoliz6NaZakeZLz5Q2Ur5Eyls=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIISkn8QPFU8OKxgmkLbSmb7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3t102casZ9FstYNwNquBSK+yhQ8maiOY0CyRvB8G7iN564NiJWjzhKeCeifSVCwShayT8l7tlFt1R2K+4UZJF4OSlDjlq39NXuxSyNuEImqTEtz02wk1GNgkk+LrZTwxPKhrTPW5YqGnHTyabHjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif10oxvOlkQiUpcsVmi8JUEozJ5HPSE5ozlCNLKNPC3krYgGrK0OZTtCF48y8vkvp5xbuquA+X5eptHkcBDuEITsCDa6jCPdTABwYCnuEV3hzlvDjvzsesdcnJZw7gD5zPHw79jYI=</latexit>

+0, 3

<latexit sha1_base64="zU58DTcNIqRQ7EDVvIQUKVJ+zg8=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiAfjblD0GNSDxwjmAcm6zE4myZDZhzO9Qtjk4K948aCIV3/Dm3/jJNmDJhY0FFXddHd5keAKLOvbyCwsLi2vZFdza+sbm1vm9k5NhbGkrEpDEcqGRxQTPGBV4CBYI5KM+J5gda9/Nfbrj0wqHgZ3MIiY45NuwDucEtCSa+4Vhg8n0dC9PraPWsB9prBt3ZdcM28VrQnwPLFTkkcpKq751WqHNPZZAFQQpZq2FYGTEAmcCjbKtWLFIkL7pMuamgZEb3KSyf0jfKiVNu6EUlcAeKL+nkiIr9TA93SnT6CnZr2x+J/XjKFz4SQ8iGJgAZ0u6sQCQ4jHYeA2l4yCGGhCqOT6Vkx7RBIKOrKcDsGefXme1EpF+6xo3Z7my5dpHFm0jw5QAdnoHJXRDaqgKqJoiJ7RK3oznowX4934mLZmjHRmF/2B8fkDeF6UdA==</latexit>

(|q/p|D � 1)⇥ 102
<latexit sha1_base64="A7v1MCDR2mbe3uWU+TpUtj7QVJY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUzTBTLLosunFZwT5gOpRMmmlDM8mQ3BFK6We4caGIW7/GnX9j2s5CWw8ETs65l3vviVLBDXjet1PY2Nza3inulvb2Dw6PyscnbaMyTVmLKqF0NyKGCS5ZCzgI1k01I0kkWCca3839zhPThiv5CJOUhQkZSh5zSsBKged6dVytuXXvsl+u2N8CeJ34OamgHM1++as3UDRLmAQqiDGB76UQTokGTgWblXqZYSmhYzJkgaWSJMyE08XKM3xhlQGOlbZPAl6ovzumJDFmkkS2MiEwMqveXPzPCzKIb8Ipl2kGTNLloDgTGBSe348HXDMKYmIJoZrbXTEdEU0o2JRKNgR/9eR10q65ft31Hq4qjds8jiI6Q+eoinx0jRroHjVRC1Gk0DN6RW8OOC/Ou/OxLC04ec8p+gPn8weqco7l</latexit>

0.05(2.50)
<latexit sha1_base64="VIVUodHMueuJC0B/TCvSq0au+iM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy5KVij0WvXisYD+kXUo2zbah2eySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QSK4Nhh/O2vrG5tb24Wd4u7e/sFh6ei4peNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDvz209MaR7LBzNJmB+RoeQhp8RY6RG7NVSpuviiXypjF8+BVomXkzLkaPRLX71BTNOISUMF0brr4cT4GVGGU8GmxV6qWULomAxZ11JJIqb9bH7wFJ1bZYDCWNmSBs3V3xMZibSeRIHtjIgZ6WVvJv7ndVMT1vyMyyQ1TNLFojAVyMRo9j0acMWoERNLCFXc3oroiChCjc2oaEPwll9eJa1L17ty8X21XL/J4yjAKZxBBTy4hjrcQQOaQCGCZ3iFN0c5L86787FoXXPymRP4A+fzB8uOjnE=</latexit>

0.8(4.0)
<latexit sha1_base64="IGfN7IEV0o0Nc4j4z7/JM1j1VOM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JKIRY9FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkO76Z+84lrIxL1iKOUBzHtKxEJRtFK/oV77lW7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyjm2AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxWvGrFfbgq127zOApwDCdwBh5cQw3uoQ4+MBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+ADFujZ8=</latexit>�0, 15

<latexit sha1_base64="7AbOl3pMIB+wB7yRn8VgIBVfHuQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegHjzGRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/V3vuleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD79uNkQ==</latexit>

RD
<latexit sha1_base64="vIf3uaw5k8uu3KzhnMA5ocKQxhw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM6sFjFPOAZA2zk95kyOzsMjMrhCUf4cWDIl79Hm/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgG12O/8YRK81g+mGGCfkR7koecUWOlxn0nu3k8GXWKJbfsTkAWiTcjJZih2il+tbsxSyOUhgmqdctzE+NnVBnOBI4K7VRjQtmA9rBlqaQRaj+bnDsiR1bpkjBWtqQhE/X3REYjrYdRYDsjavp63huL/3mt1ISXfsZlkhqUbLooTAUxMRn/TrpcITNiaAllittbCetTRZmxCRVsCN78y4ukflr2zsvu3VmpcjWLIw8HcAjH4MEFVOAWqlADBgN4hld4cxLnxXl3PqatOWc2sw9/4Hz+ANAWjzk=</latexit>

RD⇤
<latexit sha1_base64="E7RWsFh9BIblXnv06FDqAsA4s5k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkJSLPZY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOuDgcd7M8zM82POlHacb6uwsbm1vVPcLe3tHxwelY9POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p7eZ332iUrFIPOhZTL0QjwULGMHaSI+OXWvUUdWtXQ7LFcd2FkDrxM1JBXK0huWvwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrx0cfEcXRhlhIJImhIaLdTfEykOlZqFvukMsZ6oVS8T//P6iQ4aXspEnGgqyHJRkHCkI5S9j0ZMUqL5zBBMJDO3IjLBEhNtQiqZENzVl9dJp2a7ddu5v6o0b/I4inAG51AFF66hCXfQgjYQEPAMr/BmKevFerc+lq0FK585hT+wPn8AR1qOsw==</latexit>

0.285(12)
<latexit sha1_base64="wf40jc12mXiqebC6MaMJNs3/lYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXpbd0qLHohePFeyHtEvJptk2NMkuSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8bye3sbm1vZPfLeztHxweFY9PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H49u5336iSrNYPphJQgOBh5JFjGBjpUfPrdSqqFy77BdLnustgNaJn5ESZGj0i1+9QUxSQaUhHGvd9b3EBFOsDCOczgq9VNMEkzEe0q6lEguqg+ni4Bm6sMoARbGyJQ1aqL8nplhoPRGh7RTYjPSqNxf/87qpia6DKZNJaqgky0VRypGJ0fx7NGCKEsMnlmCimL0VkRFWmBibUcGG4K++vE5aFdevud59tVS/yeLIwxmcQxl8uII63EEDmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHU2I53</latexit>

0.254(5)

<latexit sha1_base64="VTBY6la4KvVStT3yuQb7aj5L1zA=">AAAB8XicbVDLTsJAFL3FF+ILdelmIjHBTdMCPpZENy4xkUeEhkyHKUyYTpuZqQlp+As3LjTGrX/jzr9xgC4UPMlNTs65N/fe48ecKe0431ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29nfvuJSsUi8aAnMfVCPBQsYARrIz06drVWQ+XK5Xm/WHJsZw60StyMlCBDo1/86g0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpL5xdP0ZlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvZm4n9eN9HBtZcyESeaCrJYFCQc6QjN3kcDJinRfGIIJpKZWxEZYYmJNiEVTAju8surpFWx3Qvbua+V6jdZHHk4gVMogwtXUIc7aEATCAh4hld4s5T1Yr1bH4vWnJXNHMMfWJ8/SM6OtA==</latexit>

0.344(26)
<latexit sha1_base64="5OMZEq1+UnSs/ghvsaZekg1RaeY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUy7JbKtZb0YvHCvZD2qVk07QNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhTFn2njet7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItUOsKWeSNgwznLZjRbEIOW2F49uZ33qiSrNIPphJTAOBh5INGMHGSo+eW76uolLlolcoeq43B1olfkaKkKHeK3x1+xFJBJWGcKx1x/diE6RYGUY4nea7iaYxJmM8pB1LJRZUB+n84Ck6t0ofDSJlSxo0V39PpFhoPRGh7RTYjPSyNxP/8zqJGVSDlMk4MVSSxaJBwpGJ0Ox71GeKEsMnlmCimL0VkRFWmBibUd6G4C+/vEqaZde/dL37SrF2k8WRg1M4gxL4cAU1uIM6NICAgGd4hTdHOS/Ou/OxaF1zspkT+APn8wffl45+</latexit>

0.298(4)
<latexit sha1_base64="uZBViYpJTLR1s6lUwyjED8+0dJ0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQkiqoseiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dlZW19Y3Nktb5e2d3b39ysFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dF5zL/qVqud6M6Bl4hekCgUa/cpXbxCTVFBpCMdad30vMUGGlWGE02m5l2qaYDLGQ9q1VGJBdZDNbp2iU6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroJMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT9mG4C++vExaNde/cr2Hy2r9toijBMdwAmfgwzXU4R4a0AQCI3iGV3hzhPPivDsf89YVp5g5gj9wPn8AwXeNZA==</latexit>

+2.3

<latexit sha1_base64="63aGTn5PQZzZAzbtgodXRnaMfbA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBEEIiSj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jk0oXv1gfVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEral65/7XoPV7XGbRFHGU7gFM7Bhzo04B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz/GAY1n</latexit>

+1.7

4%th/exp
5%exp
5%exp
8%th

5%th/exp
4%th

30%th

9%exp

35%exp
40%exp

0.1%th

current

100%th*

8%exp/th

2%exp/th

8%exp
4%exp

0.6%
0.8%
0.4%

1%

0.5%

2%
1.5%
4%
4%

10%
20%

mid-term

30%*

2%
3%

(No EDM’s,          , etc.)<latexit sha1_base64="hquECdze1VnhqcrZtmsWPJCxYzU=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaJYBWwsI5gYyB1hbrN3WbJ7e+zuKSGk8a/YWChi68+w89+4Sa7QxAcDj/dmmJkXZZxp43nfTmlpeWV1rbxe2djc2t5xd/daWuaK0CaRXKp2BJpyltKmYYbTdqYoiIjT+2hwPfHvH6jSTKZ3ZpjRUECSspgRMFbqugeByAPFkr4BpeQjpjhIQAjoulWv5k2BF4lfkCoq0Oi6X0FPklzQ1BAOWnd8LzPhCJRhhNNxJcg1zYAMIKEdS1MQVIej6QNjfGyVHo6lspUaPFV/T4xAaD0Uke0UYPp63puI/3md3MSX4YilWW5oSmaL4pxjI/EkDdxjihLDh5YAUczeikkfFBBjM6vYEPz5lxdJ67Tmn9e827Nq/aqIo4wO0RE6QT66QHV0gxqoiQgao2f0it6cJ+fFeXc+Zq0lp5jZR3/gfP4AuSSWdA==</latexit>µ ! e�

20%exp



0. No lack of Questions opened by the SM 

Summary

1. Flavour symmetries (       ) can:<latexit sha1_base64="zMi7GB69PP9XQ9GilZQA8qxioPs=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrNHokevGIiQsksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsrNf3q2emD6JUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3UXPvziv16zyOIhzBMVTBg0uowy00wAcCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8Aan+OXg==</latexit>

U(2)n

- allow for flavour changing            with      MultiTeV
<latexit sha1_base64="5k8nDik+Xyp0LYiG5Nyt2laH5p0=">AAACEXicbVDLSsNAFJ34rPUVdelmsAjdWBKp6EqKblwIVrAPaGKZTCbt0MkkzEyEEvILbvwVNy4UcevOnX/jpM1CWw8MHM65h7n3eDGjUlnWt7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o8vc7zwQIWnE79Q4Jm6IBpwGFCOlpb5ZdQKBcGpnqXOtUz66T/lRPcucEKkhRiy9ybRyXs/6ZsWqWRPAeWIXpAIKNPvml+NHOAkJV5ghKXu2FSs3RUJRzEhWdhJJYoRHaEB6mnIUEummk4syeKgVHwaR0I8rOFF/J1IUSjkOPT2ZLypnvVz8z+slKjhzU8rjRBGOpx8FCYMqgnk90KeCYMXGmiAsqN4V4iHSFSldYlmXYM+ePE/axzX7pGbd1iuNi6KOEtgHB6AKbHAKGuAKNEELYPAInsEreDOejBfj3fiYji4YRWYP/IHx+QMVeJ3N</latexit>

1

⇤n�4
O

n>4 <latexit sha1_base64="/hJX+BP6/kSTNpQT55uYTIlhiBE=">AAAB9XicbVDLSgMxFM3UV62vqks3g0VwVWZE0WXRjQsXFewD2rHcyWTa0EwSkoxahv6HGxeKuPVf3Pk3pu0stPVA4HDOudybE0pGtfG8b6ewtLyyulZcL21sbm3vlHf3mlqkCpMGFkyodgiaMMpJw1DDSFsqAknISCscXk381gNRmgp+Z0aSBAn0OY0pBmOl++6NjUbQBSmVeOqVK17Vm8JdJH5OKihHvVf+6kYCpwnhBjPQuuN70gQZKEMxI+NSN9VEAh5Cn3Qs5ZAQHWTTq8fukVUiNxbKPm7cqfp7IoNE61ES2mQCZqDnvYn4n9dJTXwRZJTL1BCOZ4vilLlGuJMK3Igqgg0bWQJYUXuriwegABtbVMmW4M9/eZE0T6r+WdW7Pa3ULvM6iugAHaJj5KNzVEPXqI4aCCOFntErenMenRfn3fmYRQtOPrOP/sD5/AGnj5Kd</latexit>

⇤ ⇡
- be related to the pattern of        and arise accidentally

<latexit sha1_base64="HHZo/mnN91AKN/qWlT4esPq5F5g=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8lLIrih6LXjxWsF+0a8lmZ9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHoduq3nkBpFssHM07AF2QgWcQoMVbqdB6ztBJWYNIvld2qOwNeJl5OyihHvV/66oUxTQVIQznRuuu5ifEzogyjHCbFXqohIXREBtC1VBIB2s9mB0/wqVVCHMXKljR4pv6eyIjQeiwC2ymIGepFbyr+53VTE137GZNJakDS+aIo5djEePo9DpkCavjYEkIVs7diOiSKUGMzKtoQvMWXl0nzvOpdVt37i3LtJo+jgI7RCTpDHrpCNXSH6qiBKBLoGb2iN0c5L8678zFvXXHymSP0B87nD1sPkB0=</latexit>

Y u,d,e

the “mid term” of precision physics can find evidence
for motivated new physics in the MultiTeV

2. While preparing for the next high energy collider,

and needing a wide front of attach

0’. An accumulation of problems in the Higgs sector of the SM

3. Can one address/solve the “little hierarchy” problem
and the “flavour puzzle” at the same MultiTeV scale?

How far are              from the Fermi scale?
<latexit sha1_base64="SWgBcaieS+2OWUAcrglQNQkpxYU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiii4LLnThooJ9QBvLZDJph04mYWYi1FD8FTcuFHHrf7jzb5y2EbT1wMDhnHO5d46fcKa043xZc/MLi0vLhZXi6tr6xqa9tV1XcSoJrZGYx7LpY0U5E7Smmea0mUiKI5/Tht+/GPmNeyoVi8WtHiTUi3BXsJARrI3UsXfb1yYc4LveEfqhYccuOWVnDDRL3JyUIEe1Y3+2g5ikERWacKxUy3US7WVYakY4HRbbqaIJJn3cpS1DBY6o8rLx9UN0YJQAhbE0T2g0Vn9PZDhSahD5Jhlh3VPT3kj8z2ulOjz3MiaSVFNBJovClCMdo1EVKGCSEs0HhmAimbkVkR6WmGhTWNGU4E5/eZbUj8vuadm5OSlVLvM6CrAH+3AILpxBBa6gCjUg8ABP8AKv1qP1bL1Z75PonJXP7MAfWB/fYUeUjA==</latexit>

⇤h,⇤f



When and where the next trip?



Phenomenological summary

1. EWPT
<latexit sha1_base64="2auI4I3ntbrKPiYm1XEq6XcL5xc="></latexit>

�m2
Z

m2
Z

= (
mZ(SM)

mZ(exp)
)2 � 1 = (38± 20) · 10�5

B, 2024

2. Drell-Yan
<latexit sha1_base64="X7TxpTsD37ikfWR4jrBqwJtSZJk="></latexit>

pp ! l+l�, l = e, µ

3. Flavour changing effects
<latexit sha1_base64="EyS/wt1VY8C2CfMCXYG+K6Py8Tc="></latexit>

�F = 2, b ! sll,K ! ⇡⌫⌫, ⌧ ! 3µ, µ ! 3e, etc

<latexit sha1_base64="Uk7zV7rD1+BIjdOkUaVgbQowCbk=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7tSXbgRKtgHtOOQSdM2NPMgyShl6H+4caGIW//FnX9jpq2gogcuHM65l3vv8SLOpELow8isrK6tb2Q3c1vbO7t7+f2DtgxjQWiLhDwUXQ9LyllAW4opTruRoNj3OO14k/PU79xRIVkY3KhpRB0fjwI2ZAQrLd32LyhXGF65ScOVMzdfQOZZrWKXbYhMhKp2sZISu1qyi9DSSooCWKLp5t/7g5DEPg0U4VjKnoUi5SRYKEY4neX6saQRJhM8oj1NA+xT6STzq2fwRCsDOAyFrkDBufp9IsG+lFPf050+VmP520vFv7xerIY1J2FBFCsakMWiYcyhCmEaARwwQYniU00wEUzfCskYC0yUDiqnQ/j6FP5P2rZplU10XSrUG8s4suAIHINTYIEqqINL0AQtQIAAD+AJPBv3xqPxYrwuWjPGcuYQ/IDx9glWxZJs</latexit>

�MBs



A comment on charge quantisation 

SM, 1 family: No non-anomalous global charge 

SM, 3 families:          non anomalous<latexit sha1_base64="yCDU/PmgfW7lQ83wQ6Y8xmYRdDM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTRcugjUWKCOYDkuPY2+wla/Z2j909IRz5ETYWitj6e+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHQ79dtPVGkmxYMZJ9SP8UCwiBFsrNSuB+ysHjwG5YpbdWdAy8TLSQVyNILyV68vSRpTYQjHWnc9NzF+hpVhhNNJqZdqmmAywgPatVTgmGo/m507QSdW6aNIKlvCoJn6eyLDsdbjOLSdMTZDvehNxf+8bmqiaz9jIkkNFWS+KEo5MhJNf0d9pigxfGwJJorZWxEZYoWJsQmVbAje4svLpHVe9S6r7v1FpXaTx1GEIziGU/DgCmpwBw1oAoERPMMrvDmJ8+K8Ox/z1oKTzxzCHzifP6B6jxo=</latexit>

Li � Lj

<latexit sha1_base64="lTQamzfoIr9sfNIvU943OrAG/QU="></latexit>

) Q = T3L + Y + ✏(Li � Lj)

FD Model: No non-anomalous global charge 

<latexit sha1_base64="rzfmdl7mC+4BM50xYvSaXAySkCI=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpiFb0IRS8ePLTQL2lj2Ww37dLNJuxulBL6P7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MkvLK6tr2fXcxubW9k5+d6+hwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94M/Gbj1QqFoqaHkXUDXBfMJ8RrI30gKroqtZNSndjdILuu/mCXbSnQIvESUkBUlS6+a9OLyRxQIUmHCvVduxIuwmWmhFOx7lOrGiEyRD3adtQgQOq3GR69RgdGaWH/FCaEhpN1d8TCQ6UGgWe6QywHqh5byL+57Vj7V+6CRNRrKkgs0V+zJEO0SQC1GOSEs1HhmAimbkVkQGWmGgTVM6E4My/vEgap0XnvGhXzwrl6zSOLBzAIRyDAxdQhluoQB0ISHiGV3iznqwX6936mLVmrHRmH/7A+vwB0yOQxg==</latexit>

Q = T3L + Y not a convention

not a convention
<latexit sha1_base64="5A9obzexzaSQ8uw5g5O8QFbc42g="></latexit>

Q = T3L + Y [3] + (B � L)[12]/2 + T [2]
3R + T [1]

3R ⌘ T3L + Y



Dipole moments

<latexit sha1_base64="FOuOzqS9W5o75aAHvsZUzteiuVQ=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ERwXxAcoS9zVyyZm/v2N0TwpH/YGOhiK3/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LBzNO0I/oQPKQM2qs1MRedscnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m1E3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6eukzxUyI8aWUKa4vZWwIVWUGRtQyYbgLb68TJpnVe+i6t6fV2rXeRxFOIJjOAUPLqEGt1CHBjB4hGd4hTcndl6cd+dj3lpw8plD+APn8wejmo8r</latexit>eLi
<latexit sha1_base64="Q30waOD7E2w0tv0+NuO+o5VU67M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjFfkAbymY7abfdbMLuRiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC6nfrNJ1Sax/LRjBP0I9qXPOSMGis1sJs9DCfdUtmtuDOQZeLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOCk2Ek1JpSNaB/blkoaofaz2bUTcmqVHgljZUsaMlN/T2Q00nocBbYzomagF72p+J/XTk147WdcJqlByeaLwlQQE5Pp66THFTIjxpZQpri9lbABVZQZG1DRhuAtvrxMGucV77Li3l+Uqzd5HAU4hhM4Aw+uoAp3UIM6MBjCM7zCmxM7L8678zFvXXHymSP4A+fzB65DjzI=</latexit>eRj

<latexit sha1_base64="QNfhu+MWwInLNyiVlxLwqFfUv3o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoeiyK4LEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHmj+MzQ==</latexit>

E

<latexit sha1_base64="6yCKZQ2ID+8k+Y1g/xUp6LmYR7M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/YLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWg/9tHY27ZcrbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwis/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6RVq3oXVffuvFK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8ZDY7Q</latexit>

Z23

Loop effects from         mixings<latexit sha1_base64="LTQPaFB88JHZyMvnaBFO1WEcKXk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LEogseK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3n1BpHstHM0rQj2hf8pAzaqz0gKe33VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+mpY3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeOVnXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZtO0Ybgzb+8SBpnFe+i4t6fl6vXeRwFOIQjOAEPLqEKd1CDOjDowzO8wpsjnBfn3fmYtS45+cwB/IHz+QPCV41z</latexit>

e� E

<latexit sha1_base64="hA1Bo+gHoLf29eCS5NsGpzcQVJQ="></latexit>

✏̂L(Q)M ✏̂†R(Q
0) =

v1
4

0

@
�y�1 y

e
1↵ŷ

�e
↵3✏�✏� ye1↵y

�e
↵2✏� �ye12y

�e
2 ✏�l

�y�1 y
e
2↵ŷ

�e
↵3✏�✏� ye2↵y

�e
↵2✏� �ye22y

�e
2 ✏�l

0 0 0

1

A

An exact alignment with the Yukawa coupling      in the 12 sector
<latexit sha1_base64="/5YcDRhH3IcNGCMaBmUNvimXTp8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9kPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+xhr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buounfnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwAsmI25</latexit>

Ye
<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>)

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>) No significant effects in: electron EDM, 
<latexit sha1_base64="bGz5uf8IXwNwubhOyJo1ad1t2OA=">AAACEXicbVA9SwNBEN2LXzF+nVraLAYhhYQ7UbQMamEZwXxALoS5zSZZsnt37M4pIeQv2PhXbCwUsbWz89+4+Sg08cHA470ZZuaFiRQGPe/bySwtr6yuZddzG5tb2zvu7l7VxKlmvMJiGet6CIZLEfEKCpS8nmgOKpS8Fvavxn7tnmsj4ugOBwlvKuhGoiMYoJVabiG45hKBQitQ6TENENJAi24PQev4gVqRBl1QClpu3it6E9BF4s9InsxQbrlfQTtmqeIRMgnGNHwvweYQNAom+SgXpIYnwPrQ5Q1LI1DcNIeTj0b0yCpt2om1rQjpRP09MQRlzECFtlMB9sy8Nxb/8xopdi6aQxElKfKITRd1UkkxpuN4aFtozlAOLAGmhb2Vsh5oYGhDzNkQ/PmXF0n1pOifFb3b03zpchZHlhyQQ1IgPjknJXJDyqRCGHkkz+SVvDlPzovz7nxMWzPObGaf/IHz+QPuKp0X</latexit>

�aµ, ⌧ ! µ�

relative to the tree level effects already discussed



Neutrino masses

Taking

<latexit sha1_base64="GW2Ghat9JDg1Goz94QHZw3vNMLw="></latexit>

MN↵ ⇡< �,� >) ✏�,� ⇡ 1

<latexit sha1_base64="xMt9d7vM9H7UKHZEdjXJeBd71Sg=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjM+0IWI6MaNUsVqoVOGO2nahmYmIcmoZejfuPFX3Agqokv/xPSBaOuBwOGcc7m5J5ScaeO6n05mYnJqeiY7m5ubX1hcyi+vXGuRKELLRHChKiFoyllMy4YZTitSUYhCTm/C9knPv7mlSjMRX5mOpLUImjFrMALGSkH+8CxIz4Ptrg9SKnGPD3zNmhEcYv+SNVsGlBJ32KdSM27j6cD9SXtBvuAW3T7wOPGGpICGKAX5F78uSBLR2BAOWlc9V5paCsowwmk35yeaSiBtaNKqpTFEVNfS/p1dvGGVOm4IZV9scF/9PZFCpHUnCm0yAtPSo15P/M+rJqaxX0tZLBNDYzJY1Eg4NgL3SsN1pigxvGMJEMXsXzFpgQJibLU5W4I3evI4ud4qertF92KncHQ8rCOL1tA62kQe2kNH6BSVUBkR9ICe0Ct6cx6dZ+fd+RhEM85wZhX9gfP1DStApsI=</latexit>

MN3 ⇡< � >) ✏� ⇡ 1

<latexit sha1_base64="ZNr7PRPXAP47PfWlWbhVt9eQfjQ="></latexit>

Y⌫ ⇡

0

@
y3 y2 y2

y3 y2 y2

0 0 y

1

A1. Integrating out 
<latexit sha1_base64="ugctFP0HfZrPQ3CIPqJWd85mHp8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8SNj1gR6DXjxJBPOAZAm9k0kyZHZ2nZkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPdFcSCa+O6387S8srq2npuI7+5tb2zW9jbr+koUZRVaSQi1QhQM8ElqxpuBGvEimEYCFYPBrcTvz5kSvNIPppRzPwQe5J3OUVjJf++nbZQxH08JefjdqHoltwpyCLxMlKEDJV24avViWgSMmmoQK2bnhsbP0VlOBVsnG8lmsVIB9hjTUslhkz76fToMTm2Sod0I2VLGjJVf0+kGGo9CgPbGaLp63lvIv7nNRPTvfZTLuPEMElni7qJICYikwRIhytGjRhZglRxeyuhfVRIjc0pb0Pw5l9eJLWzkndZch8uiuWbLI4cHMIRnIAHV1CGO6hAFSg8wTO8wpszdF6cd+dj1rrkZDMH8AfO5w/lVZGG</latexit>

N↵,3

2. Standard Seesaw: Lepton number broken at <latexit sha1_base64="dXKvF9FGzptTHOlqTgztAfC4VlI=">AAACIXicbVDLSgMxFM34rPU16tJNsAiuykxV7EJK0Y3LCvYBnWHIpGkbmkyGJCOWob/ixl9x40KR7sSfMW1H0dYDgcM553JzTxgzqrTjfFhLyyura+u5jfzm1vbOrr2331AikZjUsWBCtkKkCKMRqWuqGWnFkiAeMtIMB9cTv3lPpKIiutPDmPgc9SLapRhpIwV2+dJTtMdR4FY8FMdSPMBvpVSBc9JPhAengV1wis4UcJG4GSmADLXAHnsdgRNOIo0ZUqrtOrH2UyQ1xYyM8l6iSIzwAPVI29AIcaL8dHrhCB4bpQO7QpoXaThVf0+kiCs15KFJcqT7at6biP957UR3y35KozjRJMKzRd2EQS3gpC7YoZJgzYaGICyp+SvEfSQR1qbUvCnBnT95kTRKRfe86NyeFapXWR05cAiOwAlwwQWoghtQA3WAwSN4Bq/gzXqyXqx3azyLLlnZzAH4A+vzC3fyoxY=</latexit>

< �1 >⇡< �2 >⇡< � >⇡ m3

<latexit sha1_base64="++lc37JHi42NA8vv1n1M+Zqbcqk="></latexit>

L⌫
L�breaking = y�1�1⌫

1
R⌫

1
R + y�2�2⌫

2
R⌫

2
R +m3⌫

3
R⌫

3
R ⌘ ⌫T⌃⌫

<latexit sha1_base64="wJyTvGjB4Yz6Gd29G+y9db3K9lc="></latexit>

L⌫
L�breaking = �1S1⌫

c
1 + �2S2⌫

c
2 +m3S3⌫

c
3 + STµS ⌘ STMvc + STµS

<latexit sha1_base64="CGTguMk0mUYaA0sBSDP/ZLiF17A=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwISWpSl1IKbpxWcE+oAlhMp20QyfJMDMRS+inuPFX3LhQRHf6NU7bCLb1wIUz59zL3Ht8zqhUlvVl5JaWV1bX8uuFjc2t7R1zd68p40Rg0sAxi0XbR5IwGpGGooqRNhcEhT4jLX9wPfZb90RIGkd3asiJG6JeRAOKkdKSZ1YuHd6nnl11EOcifoDTd7kKf4XQO53xThzcp1XPLFolawK4SOyMFEGGumd+Ot0YJyGJFGZIyo5tceWmSCiKGRkVnEQSjvAA9UhH0wiFRLrp5MARPNJKFwax0BUpOFH/TqQolHIY+rozRKov572x+J/XSVRw4aY04okiEZ5+FCQMqhiO04JdKghWbKgJwoLqXSHuI4Gw0pkWdAj2/MmLpFku2ecl6/asWLvK4siDA3AIjoENKqAGbkAdNAAGj+AZvII348l4Md6Nj2lrzshm9sEMjO8fJEiiWA==</latexit>

< �1 >⇡< �2 >⇡ m3 ⇡< �,� >

<latexit sha1_base64="VDuNbPiwzwBsOrCwCIihXXQxUmQ=">AAACGHicbZC7TsMwFIYdrqXcAowsFhUSU0kqEIwVLIxF9IaaNHJcp7VqO5HtVFRRH4OFV2FhACHWbrwN7mWAll+y9Os75+j4/GHCqNKO822trK6tb2zmtvLbO7t7+/bBYV3FqcSkhmMWy2aIFGFUkJqmmpFmIgniISONsH87qTcGRCoai6oeJsTnqCtoRDHSBgX2OQ88kUIPJYmMn+CgXYKPMxJJhDN3lHkPtMvRaErb1cAuOEVnKrhs3LkpgLkqgT32OjFOOREaM6RUy3US7WdIaooZGeW9VJEE4T7qkpaxAnGi/Gx62AieGtKBUSzNExpO6e+JDHGlhjw0nRzpnlqsTeB/tVaqo2s/oyJJNRF4tihKGdQxnKQEO1QSrNnQGIQlNX+FuIdMItpkmTchuIsnL5t6qeheFp37i0L5Zh5HDhyDE3AGXHAFyuAOVEANYPAMXsE7+LBerDfr0/qata5Y85kj8EfW+Ad/cKAS</latexit>

m⌫ ⇡ v2Y⌫
1

⌃
Y T
⌫

<latexit sha1_base64="vQKpkhu+rMpleWYtsJQjNh/xbQA=">AAACJXicbVBLSwMxGMzWV62vqkcvwSJ4KrtF0YOHohcvQoW+pNuWbJptQ5PskmSLZdk/48W/4sWDRQRP/hXTbQ+1dSAwmZmP5BsvZFRp2/62MmvrG5tb2e3czu7e/kH+8KiugkhiUsMBC2TTQ4owKkhNU81IM5QEcY+Rhje8m/qNEZGKBqKqxyFpc9QX1KcYaSN18ze864oIuigMZfAMR50SfJopvkQ4dpL4IYEuX7x3qkka6VS7+YJdtFPAVeLMSQHMUenmJ24vwBEnQmOGlGo5dqjbMZKaYkaSnBspEiI8RH3SMlQgTlQ7TrdM4JlRetAPpDlCw1RdnIgRV2rMPZPkSA/UsjcV//Nakfav2zEVYaSJwLOH/IhBHcBpZbBHJcGajQ1BWFLzV4gHyNShTbE5U4KzvPIqqZeKzmXRfrwolG/ndWTBCTgF58ABV6AM7kEF1AAGL+ANfICJ9Wq9W5/W1yyaseYzx+APrJ9fUqalKg==</latexit>

m⌫ ⇡ v2Y⌫
1

M
µ

1

MT
Y T
⌫

anarchic
<latexit sha1_base64="SYZqvjGOyzWZcFnCd78I7S5hCnI=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgxjLjA12IFF3osoJ9QGcsmTTThmYyIcmIZejKjb/ixoUibv0Gd/6NaTsLbT1w4XDOvdx7TyAYVdpxvq3czOzc/EJ+sbC0vLK6Zq9v1FScSEyqOGaxbARIEUY5qWqqGWkISVAUMFIPepdDv35PpKIxv9V9QfwIdTgNKUbaSC17+8xTtBOhc+ghIWT8AF3nLt13DwfwitRadtEpOSPAaeJmpAgyVFr2l9eOcRIRrjFDSjVdR2g/RVJTzMig4CWKCIR7qEOahnIUEeWnozcGcNcobRjG0hTXcKT+nkhRpFQ/CkxnhHRXTXpD8T+vmejw1E8pF4kmHI8XhQmDOobDTGCbSoI16xuCsKTmVoi7SCKsTXIFE4I7+fI0qR2U3OOSc3NULF9kceTBFtgBe8AFJ6AMrkEFVAEGj+AZvII368l6sd6tj3FrzspmNsEfWJ8/tHeXWA==</latexit>

< � >⇡ 10�13GeV

3. Inverse Seesaw: Lepton number broken at
<latexit sha1_base64="188IXymkTw8E6gAmGWgmBjDAbWM=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCymJD3TRRdGNG6WCfUATwmQ6bYfOTMLMRCgxC3/FjQtF3Pob7vwbp20W2nrgwuGce7n3njBmVGnH+bbm5hcWl5YLK8XVtfWNTXtru6GiRGJSxxGLZCtEijAqSF1TzUgrlgTxkJFmOLga+c0HIhWNxL0exsTnqCdol2KkjRTYux5PKhV4E6S3QeohFvfR0UmWBXbJKTtjwFni5qQEctQC+8vrRDjhRGjMkFJt14m1nyKpKWYkK3qJIjHCA9QjbUMF4kT56fj+DB4YpQO7kTQlNByrvydSxJUa8tB0cqT7atobif957UR3L/yUijjRRODJom7CoI7gKAzYoZJgzYaGICypuRXiPpIIaxNZ0YTgTr88SxrHZfes7NydlqqXeRwFsAf2wSFwwTmogmtQA3WAwSN4Bq/gzXqyXqx362PSOmflMzvgD6zPH/MvlWs=</latexit>

µ << MN↵,3

anarchic

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>)

<latexit sha1_base64="8BYP63SFb98iqONbJ1WorPKuguY="></latexit>

µ ⇡ 1keV, < �,� >⇡ 10TeV, < � >⇡ 102÷3TeV



<latexit sha1_base64="cFd1SX8/chIXufwaVMOF+ncCPNQ="></latexit>

L = LSM + ⌃i
Ci

⇤2
i

Oi

A more detailed plot
(from actually measured flavour quantities only,

Bona et al, 2025

<latexit sha1_base64="nYztEgzPdB5DB0tZkJR48/4YGPw="></latexit>

L = LSM + ⌃i
FSM
i

⇤2
i

Oi

<latexit sha1_base64="S8eWH20QgOQltQ2/AJ9U60DuERc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURRTdCsRuXFewD2hAm00k7dDIJMxOhhn6JGxeKuPVT3Pk3TtostPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2+/ah8cdlScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTJq5332kUrFYPOhpQr0IjwQLGcHaSL5dHURYjwnmWXPmsxvXt2tO3ZkDrRK3IDUo0PLtr8EwJmlEhSYcK9V3nUR7GZaaEU5nlUGqaILJBI9o31CBI6q8bB58hk6NMkRhLM0TGs3V3xsZjpSaRoGZzGOqZS8X//P6qQ6vvYyJJNVUkMWhMOVIxyhvAQ2ZpETzqSGYSGayIjLGEhNtuqqYEtzlL6+Sznndvaw79xe1xm1RRxmO4QTOwIUraMAdtKANBFJ4hld4s56sF+vd+liMlqxi5wj+wPr8AWpAkuw=</latexit>

Ci = 1

<latexit sha1_base64="cv3aIpJ93G4UijqT3DeW42NpLwE="></latexit>

FSM (CBq ) = (VtqV
⇤
tb)

2ei�Bq

<latexit sha1_base64="dAFb/phnXzFrtcAJBiNbT2YYBn8="></latexit>

FSM (CK,D) = (VtdV
⇤
ts)

2ei�K,D

NMFV

as opposed to bounds)



Vector masses and couplings
<latexit sha1_base64="jiCQr3RkEu9erqkPZsOIYJD30a0="></latexit>

Dµ ⌘ @µ � i(g3Y
[3]A3µ + gB

(B � L)[12]

2
ABµ + g2T

[2]
3RA2µ + g1T

[1]
3RA1µ)

<latexit sha1_base64="T5/D+UNifW+DNGFtlOYDy0jHNY8="></latexit>

Dµ(B,Z23, Z
0
23) = �i[g0BµY + g0Z23µ(a23Y

[3] +
1

t↵

(B � L)[12]

2
� t↵T

[12]
3R ) + g3Z

0
23µY

[3]]

<latexit sha1_base64="+QPiX3+i2kOOznkMniuxNzykWSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoiHWmKroRim5cVrAPaOtwJ820oZkHSUYow3yGG3/FjQtF3Hbn35g+EG09cOHknHvJvceNOJPKsr6MzMLi0vJKdjW3tr6xuWVu79RkGAtCqyTkoWi4IClnAa0qpjhtRIKC73Jad/s3I7/+SIVkYXCvBhFt+9ANmMcIKC055gk4Sek0xVe45QkgiX3sYuW0gEc9eCilyc8DF+wj9zB1zLxVtMbA88SekjyaouKYw1YnJLFPA0U4SNm0rUi1ExCKEU7TXCuWNALShy5tahqAT2U7GR+W4gOtdLAXCl2BwmP190QCvpQD39WdPqienPVG4n9eM1beZTthQRQrGpDJR17MsQrxKCXcYYISxQeaABFM74pJD3RASmeZ0yHYsyfPk1qpaJ8XrbuzfPl6GkcW7aF9VEA2ukBldIsqqIoIekIv6A29G8/Gq/FhfE5aM8Z0Zhf9gTH8BoGxnjA=</latexit>

a23 =
1� bt2↵
t↵(1 + b)

Take <latexit sha1_base64="p5Kqha75NJGtBxWG5EQPtehTL/M=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSFV2VUjcuK9gHtCFMppN06GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0H5nI4517unePFjEplWd9GaW19Y3OrvF3Z2d3bPzAPj3oySgQmXRyxSAw8JAmjnHQVVYwMYkFQ6DHS96a3ud9/JELSiD+oNCZOiAJOfYqR0pJrVgP3otmEgds+16WRF9s1a1bdmgOuErsgNVCg45pfo3GEk5BwhRmScmhbsXIyJBTFjMwqo0SSGOEpCshQU45CIp1sfvwMnmplDP1I6McVnKu/JzIUSpmGnu4MkZrIZS8X//OGifJvnIzyOFGE48UiP2FQRTBPAo6pIFixVBOEBdW3QjxBAmGl86roEOzlL6+SXqNuX9Wt+8taq13EUQbH4AScARtcgxa4Ax3QBRik4Bm8gjfjyXgx3o2PRWvJKGaq4A+Mzx89+ZKR</latexit>

g3 >> gB , g2, g1
<latexit sha1_base64="u12Bw2/Q11eeym3x/Dk7s4+49LU="></latexit>

h�i >> h�i, h�i ⌘
p
bh�i and

Before EWSB

<latexit sha1_base64="OZ2IZY+RjN+mArGynkTLiZwIQfM=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVocyMim6EohuXFewDOu1wJ820oZkHSUYoQ//Djb/ixoUirgQX/o3pA9TWAxdOzrmX3Hv8hDOpLOvLWFhcWl5Zza3l1zc2t7bNnd2ajFNBaJXEPBYNHyTlLKJVxRSnjURQCH1O637/euTX76mQLI7u1CChrRC6EQsYAaUlz3TAO8GX2A0EkMwv2sfKc4EnPWg7R21nmP08sTb9keaZBatkjYHniT0lBTRFxTM/3E5M0pBGinCQsmlbiWplIBQjnA7zbippAqQPXdrUNIKQylY2vm2ID7XSwUEsdEUKj9XfExmEUg5CX3eGoHpy1huJ/3nNVAUXrYxFSapoRCYfBSnHKsajoHCHCUoUH2gCRDC9KyY90DEpHWdeh2DPnjxPak7JPitZt6eF8tU0jhzaRweoiGx0jsroBlVQFRH0gJ7QC3o1Ho1n4814n7QuGNOZPfQHxuc3+nye4w==</latexit>

a3 =
b(1 + t2↵)

2

t2↵(1 + b)2
<latexit sha1_base64="MZUgA7LC0J0C1sOhJS+44wddKyI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoscQLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNFrQUFR1090VZ5xp4/tfXmltfWNzq7xd2dnd2z+oHh61dWoVoSFJeaq6MdaUM0lDwwyn3UxRLGJOO/Hkdu53HqnSLJUPZprRSOCRZAkj2DgpbA76wg6qNb/uL4D+kqAgNSjQGlQ/+8OUWEGlIRxr3Qv8zEQ5VoYRTmeVvtU0w2SCR7TnqMSC6ihfHDtDZ04ZoiRVrqRBC/XnRI6F1lMRu06BzVivenPxP69nTXIT5Uxm1lBJlosSy5FJ0fxzNGSKEsOnjmCimLsVkTFWmBiXT8WFEKy+/Je0L+rBVd2/v6w1mkUcZTiBUziHAK6hAXfQghAIMHiCF3j1pPfsvXnvy9aSV8wcwy94H9+euo6P</latexit>

Bµ

<latexit sha1_base64="AJ21L/DzWZr44e8kQe68n8bPeBk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB+0XZZsmrahSXZJskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pTog15UzSpmGG006sKBYhp+1wcjfz209UaRbJRzONqS/wSLIhI9hYqSuCtBuktYssC8oVt+rOgVaJl5MK5GgE5a/+ICKJoNIQjrXueW5s/BQrwwinWamfaBpjMsEj2rNUYkG1n84vztCZVQZoGClb0qC5+nsixULrqQhtp8BmrJe9mfif10vM8MZPmYwTQyVZLBomHJkIzd5HA6YoMXxqCSaK2VsRGWOFibEhlWwI3vLLq6RVq3pXVffhslK/zeMowgmcwjl4cA11uIcGNIGAhGd4hTdHOy/Ou/OxaC04+cwx/IHz+QNmTpC8</latexit>mZ23

<latexit sha1_base64="QIos/l7OEY12wp0cHtjqS5w4jJ8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGC/aBtCJvtpl26uwm7G6GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaSec3M38zhNVmsXy0UwT6gs8kixiBBsr9USQ9YLMq+d5UKm6NXcOtEq8glShQDOofA2GMUkFlYZwrHXfcxPjZ1gZRjjNy4NU0wSTCR7RvqUSC6r9bH5xjs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9ePzXRjZ8xmaSGSrJYFKUcmRjN3kdDpigxfGoJJorZWxEZY4WJsSGVbQje8surpF2veVc19+Gy2rgt4ijBKZzBBXhwDQ24hya0gICEZ3iFN0c7L86787FoXXOKmRP4A+fzB2NBkLo=</latexit>mZ12

<latexit sha1_base64="ajCWTj2m4eN4yfAqvHrxSx5B/oQ=">AAACIXicbVBLSwMxGMzWV62vVY9egkXqqey2ir0IRS8eK9gHtmXJptk2NPswyQol5K948a948aBIb+KfMX0g2joQmMzMR/KNnzAqpON8WpmV1bX1jexmbmt7Z3fP3j9oiDjlmNRxzGLe8pEgjEakLqlkpJVwgkKfkaY/vJ74zUfCBY2jOzlKSDdE/YgGFCNpJM+uhJ6691SprAv6EnYCjrDqe2Wt+gU9u/0EtFYd8cClQsbXnp13is4UcJm4c5IHc9Q8e9zpxTgNSSQxQ0K0XSeRXYW4pJgRneukgiQID1GftA2NUEhEV0031PDEKD0YxNycSMKp+ntCoVCIUeibZIjkQCx6E/E/r53KoNJVNEpSSSI8eyhIGZQxnNQFe5QTLNnIEIQ5NX+FeIBML9KUmjMluIsrL5NGqeieF53bs3z1al5HFhyBY3AKXHABquAG1EAdYPAEXsAbeLeerVfrwxrPohlrPnMI/sD6+gauUKR/</latexit>

mZ0
23

=
g3
g0

mZ23p
a3

<latexit sha1_base64="jrbZViuZPTDsRiBdJlKNir5YmqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/aLiWbZtvQJLskWaEs/RVePCji1Z/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57SeqNIvkvZnE1Bd4KFnICDZWenjsp7Wznkim/XLFrboZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq1a1buounfnlfp1HkcRjuAYTsGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH3EhkCw=</latexit>

Z23µ

<latexit sha1_base64="NrNUrfkBkHybdmjluDHVceUz0oc=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmL0RHZBo0eiF4+YyEeADemWLjS03U3bNSEb/oUXDxrj1X/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvpv5rSeqNIvko5nE1Bd4KFnICDZW6nT6aaXaE8n0vF8suWV3DrRKvIyUIEO9X/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5xVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCW/8lMk4MVSSxaIw4chEaPY+GjBFieETSzBRzN6KyAgrTIwNqWBD8JZfXiXNStm7KrsPl6XabRZHHk7gFC7Ag2uowT3UoQEEJDzDK7w52nlx3p2PRWvOyWaO4Q+czx/UhZBd</latexit>

Z 0
23µ

<latexit sha1_base64="jHgVsXKGzzHmaflRHeKmK2DC0dk=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8ld2i6LHoxWMF+6HtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNE6easgaNRazbITFMcMUallvB2olmRIaCtcLRzdRvPTFteKzu7ThhgSQDxSNOiXXSw2Mv86tdmU56pbJX8WbAy8TPSRly1Hulr24/pqlkylJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gikpkgmx08wadO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoyKLgR/8eVl0qxW/IuKd3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCG9LoBb2jj3nrCspnjuAP0OcPbhCQKg==</latexit>

Z12µ

Define
<latexit sha1_base64="6um9DJdikntBuDKNgzXHQkMJCjg="></latexit>

gB
p
g21 + g22
g1g2

= tan↵ ⌘ t↵

B, 2024

Parameters at the lowest new scale
<latexit sha1_base64="BxZF6OPV4THEzmtI6ESzLguohUI="></latexit>

mZ23 ; t↵, b



Vector masses and couplings

<latexit sha1_base64="T5/D+UNifW+DNGFtlOYDy0jHNY8="></latexit>

Dµ(B,Z23, Z
0
23) = �i[g0BµY + g0Z23µ(a23Y

[3] +
1

t↵

(B � L)[12]

2
� t↵T

[12]
3R ) + g3Z

0
23µY

[3]]

<latexit sha1_base64="+QPiX3+i2kOOznkMniuxNzykWSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoiHWmKroRim5cVrAPaOtwJ820oZkHSUYow3yGG3/FjQtF3Hbn35g+EG09cOHknHvJvceNOJPKsr6MzMLi0vJKdjW3tr6xuWVu79RkGAtCqyTkoWi4IClnAa0qpjhtRIKC73Jad/s3I7/+SIVkYXCvBhFt+9ANmMcIKC055gk4Sek0xVe45QkgiX3sYuW0gEc9eCilyc8DF+wj9zB1zLxVtMbA88SekjyaouKYw1YnJLFPA0U4SNm0rUi1ExCKEU7TXCuWNALShy5tahqAT2U7GR+W4gOtdLAXCl2BwmP190QCvpQD39WdPqienPVG4n9eM1beZTthQRQrGpDJR17MsQrxKCXcYYISxQeaABFM74pJD3RASmeZ0yHYsyfPk1qpaJ8XrbuzfPl6GkcW7aF9VEA2ukBldIsqqIoIekIv6A29G8/Gq/FhfE5aM8Z0Zhf9gTH8BoGxnjA=</latexit>

a23 =
1� bt2↵
t↵(1 + b)

Before EWSB

and
<latexit sha1_base64="oRnboDQFjyAGYX1Zz1BV446e6T4="></latexit>

�Dµ(Z) = �iZµg
0sW

m2
Z

m2
Z23

[(a223 + a3)Y
[3] + a23(

1

t↵

(B � L)[12]

2
� t↵T

[12]
3R )]]

<latexit sha1_base64="L0Tj9BXApXz10HVch8ta+4bCCnY="></latexit>

�m2
Z

m2
Z

⌘ s2W
m2

Z

m2
Z23

(a223 + a3)

<latexit sha1_base64="q5k/B5AMwJxJLLdHM1j5SKLl/4E="></latexit>

Lgauge

H
= |(@µ � ig ~T · ~Wµ � ig3Y

[3]
A3µ)H|2

<latexit sha1_base64="OZ2IZY+RjN+mArGynkTLiZwIQfM=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVocyMim6EohuXFewDOu1wJ820oZkHSUYoQ//Djb/ixoUirgQX/o3pA9TWAxdOzrmX3Hv8hDOpLOvLWFhcWl5Zza3l1zc2t7bNnd2ajFNBaJXEPBYNHyTlLKJVxRSnjURQCH1O637/euTX76mQLI7u1CChrRC6EQsYAaUlz3TAO8GX2A0EkMwv2sfKc4EnPWg7R21nmP08sTb9keaZBatkjYHniT0lBTRFxTM/3E5M0pBGinCQsmlbiWplIBQjnA7zbippAqQPXdrUNIKQylY2vm2ID7XSwUEsdEUKj9XfExmEUg5CX3eGoHpy1huJ/3nNVAUXrYxFSapoRCYfBSnHKsajoHCHCUoUH2gCRDC9KyY90DEpHWdeh2DPnjxPak7JPitZt6eF8tU0jhzaRweoiGx0jsroBlVQFRH0gJ7QC3o1Ho1n4814n7QuGNOZPfQHxuc3+nye4w==</latexit>

a3 =
b(1 + t2↵)

2

t2↵(1 + b)2

After EWSB

<latexit sha1_base64="MZUgA7LC0J0C1sOhJS+44wddKyI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoscQLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNFrQUFR1090VZ5xp4/tfXmltfWNzq7xd2dnd2z+oHh61dWoVoSFJeaq6MdaUM0lDwwyn3UxRLGJOO/Hkdu53HqnSLJUPZprRSOCRZAkj2DgpbA76wg6qNb/uL4D+kqAgNSjQGlQ/+8OUWEGlIRxr3Qv8zEQ5VoYRTmeVvtU0w2SCR7TnqMSC6ihfHDtDZ04ZoiRVrqRBC/XnRI6F1lMRu06BzVivenPxP69nTXIT5Uxm1lBJlosSy5FJ0fxzNGSKEsOnjmCimLsVkTFWmBiXT8WFEKy+/Je0L+rBVd2/v6w1mkUcZTiBUziHAK6hAXfQghAIMHiCF3j1pPfsvXnvy9aSV8wcwy94H9+euo6P</latexit>

Bµ

<latexit sha1_base64="AJ21L/DzWZr44e8kQe68n8bPeBk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB+0XZZsmrahSXZJskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pTog15UzSpmGG006sKBYhp+1wcjfz209UaRbJRzONqS/wSLIhI9hYqSuCtBuktYssC8oVt+rOgVaJl5MK5GgE5a/+ICKJoNIQjrXueW5s/BQrwwinWamfaBpjMsEj2rNUYkG1n84vztCZVQZoGClb0qC5+nsixULrqQhtp8BmrJe9mfif10vM8MZPmYwTQyVZLBomHJkIzd5HA6YoMXxqCSaK2VsRGWOFibEhlWwI3vLLq6RVq3pXVffhslK/zeMowgmcwjl4cA11uIcGNIGAhGd4hTdHOy/Ou/OxaC04+cwx/IHz+QNmTpC8</latexit>mZ23

<latexit sha1_base64="QIos/l7OEY12wp0cHtjqS5w4jJ8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGC/aBtCJvtpl26uwm7G6GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaSec3M38zhNVmsXy0UwT6gs8kixiBBsr9USQ9YLMq+d5UKm6NXcOtEq8glShQDOofA2GMUkFlYZwrHXfcxPjZ1gZRjjNy4NU0wSTCR7RvqUSC6r9bH5xjs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9ePzXRjZ8xmaSGSrJYFKUcmRjN3kdDpigxfGoJJorZWxEZY4WJsSGVbQje8surpF2veVc19+Gy2rgt4ijBKZzBBXhwDQ24hya0gICEZ3iFN0c7L86787FoXXOKmRP4A+fzB2NBkLo=</latexit>mZ12

<latexit sha1_base64="ajCWTj2m4eN4yfAqvHrxSx5B/oQ=">AAACIXicbVBLSwMxGMzWV62vVY9egkXqqey2ir0IRS8eK9gHtmXJptk2NPswyQol5K948a948aBIb+KfMX0g2joQmMzMR/KNnzAqpON8WpmV1bX1jexmbmt7Z3fP3j9oiDjlmNRxzGLe8pEgjEakLqlkpJVwgkKfkaY/vJ74zUfCBY2jOzlKSDdE/YgGFCNpJM+uhJ6691SprAv6EnYCjrDqe2Wt+gU9u/0EtFYd8cClQsbXnp13is4UcJm4c5IHc9Q8e9zpxTgNSSQxQ0K0XSeRXYW4pJgRneukgiQID1GftA2NUEhEV0031PDEKD0YxNycSMKp+ntCoVCIUeibZIjkQCx6E/E/r53KoNJVNEpSSSI8eyhIGZQxnNQFe5QTLNnIEIQ5NX+FeIBML9KUmjMluIsrL5NGqeieF53bs3z1al5HFhyBY3AKXHABquAG1EAdYPAEXsAbeLeerVfrwxrPohlrPnMI/sD6+gauUKR/</latexit>

mZ0
23

=
g3
g0

mZ23p
a3

<latexit sha1_base64="jrbZViuZPTDsRiBdJlKNir5YmqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/aLiWbZtvQJLskWaEs/RVePCji1Z/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57SeqNIvkvZnE1Bd4KFnICDZWenjsp7Wznkim/XLFrboZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq1a1buounfnlfp1HkcRjuAYTsGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH3EhkCw=</latexit>

Z23µ

<latexit sha1_base64="NrNUrfkBkHybdmjluDHVceUz0oc=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmL0RHZBo0eiF4+YyEeADemWLjS03U3bNSEb/oUXDxrj1X/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvpv5rSeqNIvko5nE1Bd4KFnICDZW6nT6aaXaE8n0vF8suWV3DrRKvIyUIEO9X/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5xVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCW/8lMk4MVSSxaIw4chEaPY+GjBFieETSzBRzN6KyAgrTIwNqWBD8JZfXiXNStm7KrsPl6XabRZHHk7gFC7Ag2uowT3UoQEEJDzDK7w52nlx3p2PRWvOyWaO4Q+czx/UhZBd</latexit>

Z 0
23µ

<latexit sha1_base64="jHgVsXKGzzHmaflRHeKmK2DC0dk=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8ld2i6LHoxWMF+6HtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNE6easgaNRazbITFMcMUallvB2olmRIaCtcLRzdRvPTFteKzu7ThhgSQDxSNOiXXSw2Mv86tdmU56pbJX8WbAy8TPSRly1Hulr24/pqlkylJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gikpkgmx08wadO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoyKLgR/8eVl0qxW/IuKd3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCG9LoBb2jj3nrCspnjuAP0OcPbhCQKg==</latexit>

Z12µ

B, 2024

Parameters at the lowest new scale
<latexit sha1_base64="BxZF6OPV4THEzmtI6ESzLguohUI="></latexit>

mZ23 ; t↵, b



Quoting Weinberg

I remember how exciting it was when we first realised that the most general

renormalizable YM theory of quark and gluons automatically conserves 

C, P, strangeness and, for small quark masses, it also has an SU(3)xSU(3)

symmetry…

From then on we would be suspicious of any approximate symmetry that

could not be explained as an accidental consequence of the constraints 
imposed by renormalizability and the various exact symmetries

Changing attitudes and the SM, 1992



Phenomenology at the lowest new scale 1

<latexit sha1_base64="L0Tj9BXApXz10HVch8ta+4bCCnY="></latexit>

�m2
Z

m2
Z

⌘ s2W
m2

Z

m2
Z23

(a223 + a3)

EWPT
<latexit sha1_base64="2auI4I3ntbrKPiYm1XEq6XcL5xc="></latexit>

�m2
Z

m2
Z

= (
mZ(SM)

mZ(exp)
)2 � 1 = (38± 20) · 10�5

To reproduce the      interval above
<latexit sha1_base64="1SThxesu/DWswGq1/odH9yJ4OA0=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhL3NJFmyu3fu7gnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrFuRdSg4AoblluBrUQjlZHAh2h0M/UfnlAbHqt7O04wlHSgeJ8zap3UCkjH8IGk3XLFr/ozkGUS5KQCOerd8lenF7NUorJMUGPagZ/YMKPaciZwUuqkBhPKRnSAbUcVlWjCbHbvhJw4pUf6sXalLJmpvycyKo0Zy8h1SmqHZtGbiv957dT2r8KMqyS1qNh8UT8VxMZk+jzpcY3MirEjlGnubiVsSDVl1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShAQwEPMMrvHmP3ov37n3MWwtePnMIf+B9/gBkeY+M</latexit>

1�

De Blas et al, 2022

B, 2024



Phenomenology at the lowest new scale 2

<latexit sha1_base64="Mx5dlz+d5DUpPjW2HwyomcCQ/g0="></latexit>

cu = g02(gu2L + gu2R )BrZ23(l
+l�), cd = g02(gd2L + gd2R )BrZ23(l

+l�)

<latexit sha1_base64="59BCQjEETdTAfPD7uj3bHZJ68ZQ="></latexit>

LZ23 = g0Z23µ(g
f
Lf̄L�

µfL + gfRf̄R�
µfR)

High-     Drell-Yan<latexit sha1_base64="O2nBcRs04euVyWQGPh9X2taPIWc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLTp7uiG5cV21poh5JJM21oJjMkGaEM/QQ3LhRx6xe582/MtBVU9MCFwzn3cu89fsyZ0gh9WLm19Y3Nrfx2YWd3b/+geHjUVVEiCe2QiEey52NFORO0o5nmtBdLikOf0zt/epX5d/dUKhaJtp7F1AvxWLCAEayNdBsP28NiCdkXjZpbdSGyEaq75VpG3HrFLUPHKBlKYIXWsPg+GEUkCanQhGOl+g6KtZdiqRnhdF4YJIrGmEzxmPYNFTikyksXp87hmVFGMIikKaHhQv0+keJQqVnom84Q64n67WXiX14/0UHDS5mIE00FWS4KEg51BLO/4YhJSjSfGYKJZOZWSCZYYqJNOgUTwten8H/SdW2naqObSql5uYojD07AKTgHDqiDJrgGLdABBIzBA3gCzxa3Hq0X63XZmrNWM8fgB6y3T5jHjgM=</latexit>pT
<latexit sha1_base64="X7TxpTsD37ikfWR4jrBqwJtSZJk="></latexit>

pp ! l+l�, l = e, µ

<latexit sha1_base64="6L+22QHZhv4oA71ux8XKIWeL86k=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARhGJJxNtGKLpxWcFeoEnDZDJph84kYWailJDncOOruHGhiDtx49s4vSy09YcDH/85h5nz+wmjUlnWt1FYWFxaXimultbWNza3zO2dpoxTgUkDxywWbR9JwmhEGooqRtqJIIj7jLT8wfWo37onQtI4ulPDhLgc9SIaUoyUtjzTxl4KH3RVIPYCTQG8hE4oEM7O8sxJaA4dSXsceRnrVlj3KPfMslW1xoLzYE+hDKaqe+anE8Q45SRSmCEpO7aVKDdDQlHMSF5yUkkShAeoRzoaI8SJdLPxaTk80E4Aw1joihQcu783MsSlHHJfT3Kk+nK2NzL/63VSFV64GY2SVJEITx4KUwZVDEc5wYAKghUbakBYUP1XiPtI56J0miUdgj178jw0j6v2adW6PSnXrqZxFMEe2AeHwAbnoAZuQB00AAaP4Bm8gjfjyXgx3o2PyWjBmO7sgj8yvn4AN9qfxg==</latexit>

cuwu + cdwd =
6

⇡
�l+l�from        exchange

<latexit sha1_base64="6yCKZQ2ID+8k+Y1g/xUp6LmYR7M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/YLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWg/9tHY27ZcrbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwis/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6RVq3oXVffuvFK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx8ZDY7Q</latexit>

Z23

Current lower bound on            <latexit sha1_base64="JX1BwvZj76A15L0KXpaatcptksM=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZL06a7oxmUFa0vbECbTSTt0MgkzE6GE/IUbF4q49W/c+TdO2goqeuDC4Zx7ufceP2ZUKsv6MApr6xubW8Xt0s7u3v5B+fDoTkaJwKSLIxaJvo8kYZSTrqKKkX4sCAp9Rnr+7Cr3e/dESBrxWzWPiRuiCacBxUhpaRB66cBLnWqWeeWKZV60Gk7dgZZpWU2n2siJ06w5VWhrJUcFrNDxyu+jcYSTkHCFGZJyaFuxclMkFMWMZKVRIkmM8AxNyFBTjkIi3XRxcQbPtDKGQSR0cQUX6veJFIVSzkNfd4ZITeVvLxf/8oaJClpuSnmcKMLxclGQMKgimL8Px1QQrNhcE4QF1bdCPEUCYaVDKukQvj6F/5M7x7TrpnVTq7QvV3EUwQk4BefABk3QBtegA7oAAw4ewBN4NqTxaLwYr8vWgrGaOQY/YLx9Ask3kQA=</latexit>mZ23

b=0.25 
b=1
b=4

ATLAS, CMS
<latexit sha1_base64="wOls9BFqst8LLRYLVIRq3vgJYng=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9gPaWDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR7dRvPXFthIofcJxwP6KDWISCUbRSx6u6JAwes3Nv0iuV3Yo7A1kmXk7KkKPeK311+4qlEY+RSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMfSmEbc+Nns5Ak5tUqfhErbipHM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JuIkRR6z+aIwlQQVmf5P+kJzhnJsCWVa2FsJG1JNGdqUijYEb/HlZdK8qHiXFfe+Wq7d5HEU4BhO4Aw8uIIa3EEdGsBAwTO8wpuDzovz7nzMW1ecfOYI/sD5/AGHa5Ad</latexit>

140fb�1



Phenomenology at the lowest new scale 3
Flavour Changing effects

From the different couplings of                 to the third generation versus the first two,
<latexit sha1_base64="UkLke+H4Zz+ZGU25vDBaEQXwA68=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK6kJJURZdFNy4r2AdtQ5hMJ+3QyYOZiVhCfsWNC0Xc+iPu/BunbQRtPXC5h3PuZe4cL+ZMKsv6MpaWV1bX1gsbxc2t7Z1dc6/UlFEiCG2QiEei7WFJOQtpQzHFaTsWFAcepy1vdDPxWw9USBaF92ocUyfAg5D5jGClJdcsdU5Rx02rZ9lPP3bNslWxpkCLxM5JGXLUXfOz149IEtBQEY6l7NpWrJwUC8UIp1mxl0gaYzLCA9rVNMQBlU46vT1DR1rpIz8SukKFpurvjRQHUo4DT08GWA3lvDcR//O6ifKvnJSFcaJoSGYP+QlHKkKTIFCfCUoUH2uCiWD6VkSGWGCidFxFHYI9/+VF0qxW7IuKdXderl3ncRTgAA7hBGy4hBrcQh0aQOARnuAFXo3MeDbejPfZ6JKR7+zDHxgf30dskqg=</latexit>

Z,Z23, Z
0
23

<latexit sha1_base64="G5kfmloDgnR4laiuMjy5q8B6wN4="></latexit>

L(FC) = [g0(a23 �
1

t↵
)Z23µ + g3Z

0
23µ + sW g0

m2
Z

m2
Z23

(a223 �
a23
t↵

+ a3)Zµ]J
µ,

after going to the mass basis:
<latexit sha1_base64="Vwe2oy2aXyDz5gE949o2z48Vzy8=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKpSSiKIboejGRRdVTCv0EibTSTt0kgkzE7GEvoQbX8WNC0XcCu58GydtFtr6w8DHf87hzPm9iFGpLOvbyC0sLi2v5FcLa+sbm1vm9k5D8lhg4mDOuLjzkCSMhsRRVDFyFwmCAo+Rpje8TOvNeyIk5eGtGkWkE6B+SH2KkdKWa5Z9twbPoePWuj7U3E1K1uG4rPEGtlEUCf6Q8tR2zaJVsSaC82BnUASZ6q751e5xHAckVJghKVu2FalOgoSimJFxoR1LEiE8RH3S0hiigMhOMrlqDA+004M+F/qFCk7c3xMJCqQcBZ7uDJAayNlaav5Xa8XKP+skNIxiRUI8XeTHDCoO04hgjwqCFRtpQFhQ/VeIB0ggrHSQBR2CPXvyPDSOKvZJxbo+LlYvsjjyYA/sgxKwwSmogitQBw7A4BE8g1fwZjwZL8a78TFtzRnZzC74I+PzBxKvnEg=</latexit>

fL = Uf
Lf

(0)
L , fR ⇡ f (0)

R

<latexit sha1_base64="LvMOwltCl5OhnefW/+Z6tWrJKB8="></latexit>

Jµ =
1

6
Jµ
u +

1

6
Jµ
d � 1

2
Jµ
e , Jµ

f = ⌃i 6=j [U
f
L]i3[U

f
L]

⇤
j3f̄Li�

µfLj

<latexit sha1_base64="EyS/wt1VY8C2CfMCXYG+K6Py8Tc="></latexit>

�F = 2, b ! sll,K ! ⇡⌫⌫, ⌧ ! 3µ, µ ! 3e, etc

<latexit sha1_base64="Uk7zV7rD1+BIjdOkUaVgbQowCbk=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7tSXbgRKtgHtOOQSdM2NPMgyShl6H+4caGIW//FnX9jpq2gogcuHM65l3vv8SLOpELow8isrK6tb2Q3c1vbO7t7+f2DtgxjQWiLhDwUXQ9LyllAW4opTruRoNj3OO14k/PU79xRIVkY3KhpRB0fjwI2ZAQrLd32LyhXGF65ScOVMzdfQOZZrWKXbYhMhKp2sZISu1qyi9DSSooCWKLp5t/7g5DEPg0U4VjKnoUi5SRYKEY4neX6saQRJhM8oj1NA+xT6STzq2fwRCsDOAyFrkDBufp9IsG+lFPf050+VmP520vFv7xerIY1J2FBFCsakMWiYcyhCmEaARwwQYniU00wEUzfCskYC0yUDiqnQ/j6FP5P2rZplU10XSrUG8s4suAIHINTYIEqqINL0AQtQIAAD+AJPBv3xqPxYrwuWjPGcuYQ/IDx9glWxZJs</latexit>

�MBs

<latexit sha1_base64="XqA59j15f98RJI1eO7kovo6VEN8=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCp2EyWb0FvXiMYBbIhNDT6Uma9Cx01yhhCPgrXjwo4tXv8Obf2JNEUNEHBY/3qqiq50aCK7CsDyOzsrq2vpHdzG1t7+zu5fcP2iqMJWUtGopQdl2imOABawEHwbqRZMR3Beu4k8vU79wyqXgY3MA0Yn2fjALucUpAS4P8kQMkdiQfjYFIGd7hkuPHeJAvWOZ5vWpXbGyZllWzS9WU2LWyXcJFraQooCWag/y7Mwxp7LMAqCBK9YpWBP2ESOBUsFnOiRWLCJ2QEetpGhCfqX4yP3+GT7UyxF4odQWA5+r3iYT4Sk19V3f6BMbqt5eKf3m9GLx6P+FBFAML6GKRFwsMIU6zwEMuGQUx1YRQyfWtmI6JJBR0Yjkdwten+H/Sts1ixbSuy4XGxTKOLDpGJ+gMFVENNdAVaqIWoihBD+gJPRv3xqPxYrwuWjPGcuYQ/YDx9glf05XB</latexit>

⌧ ! 3µ

Current lower bounds on             with<latexit sha1_base64="JX1BwvZj76A15L0KXpaatcptksM=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZL06a7oxmUFa0vbECbTSTt0MgkzE6GE/IUbF4q49W/c+TdO2goqeuDC4Zx7ufceP2ZUKsv6MApr6xubW8Xt0s7u3v5B+fDoTkaJwKSLIxaJvo8kYZSTrqKKkX4sCAp9Rnr+7Cr3e/dESBrxWzWPiRuiCacBxUhpaRB66cBLnWqWeeWKZV60Gk7dgZZpWU2n2siJ06w5VWhrJUcFrNDxyu+jcYSTkHCFGZJyaFuxclMkFMWMZKVRIkmM8AxNyFBTjkIi3XRxcQbPtDKGQSR0cQUX6veJFIVSzkNfd4ZITeVvLxf/8oaJClpuSnmcKMLxclGQMKgimL8Px1QQrNhcE4QF1bdCPEUCYaVDKukQvj6F/5M7x7TrpnVTq7QvV3EUwQk4BefABk3QBtegA7oAAw4ewBN4NqTxaLwYr8vWgrGaOQY/YLx9Ask3kQA=</latexit>mZ23

<latexit sha1_base64="SuzoPxjuUlmHbS1SsAUAgUSzFxM=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRZBEIbp9OmiUOxGUKGCfUA7HTJp2oZmHiQZoYxd+CtuXCji1t9w59+YaSuo6IHLPZxzL7k5TsCokIbxoS0sLi2vrCbWkusbm1vbqZ3dhvBDjkkd+8znLQcJwqhH6pJKRloBJ8h1GGk6o2rsN28JF9T3buQ4IJaLBh7tU4ykkuzUft2+7BJYjluv3LCj6sXVpHtip9KGfloqmHkTGrphFM1sISZmMWdmYUYpMdJgjpqdeu/0fBy6xJOYISHaGSOQVoS4pJiRSbITChIgPEID0lbUQy4RVjS9fwKPlNKDfZ+r8iScqt83IuQKMXYdNekiORS/vVj8y2uHsl+yIuoFoSQenj3UDxmUPozDgD3KCZZsrAjCnKpbIR4ijrBUkSVVCF8/hf+Thqln8rpxnUtXzuZxJMABOATHIAOKoALOQQ3UAQZ34AE8gWftXnvUXrTX2eiCNt/ZAz+gvX0CRg2U/w==</latexit>

Ue
L = Ud

L = V +
CKM



Phenomenology at the lowest new scale 3
Flavour Changing effects <latexit sha1_base64="EyS/wt1VY8C2CfMCXYG+K6Py8Tc="></latexit>

�F = 2, b ! sll,K ! ⇡⌫⌫, ⌧ ! 3µ, µ ! 3e, etc

An example of correlation

<latexit sha1_base64="QMB4uSPU9CQ3wN2W6QB5Nxf/My8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSIIQklE0YtQ7EVQoYJpC20aNpttu3Tzwe6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmecnnEllWd/G0vLK6tp6YaO4ubW9s2vu7ddlnApCHRLzWDR9LClnEXUUU5w2E0Fx6HPa8AfVid8YUiFZHD2pUULdEPci1mUEKy15pul4953gGtW9rHr3MO6cembJKltToEVi56QEOWqe+dUOYpKGNFKEYylbtpUoN8NCMcLpuNhOJU0wGeAebWka4ZBKN5tePkbHWglQNxa6IoWm6u+JDIdSjkJfd4ZY9eW8NxH/81qp6l65GYuSVNGIzBZ1U45UjCYxoIAJShQfaYKJYPpWRPpYYKJ0WEUdgj3/8iKpn5Xti7L1eF6q3ORxFOAQjuAEbLiECtxCDRwgMIRneIU3IzNejHfjY9a6ZOQzB/AHxucP2CeSfw==</latexit>

Ud
L = V +

CKM

<latexit sha1_base64="Wg6Vm4oJWi9OISRjjm3PF4mkriA=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIglASUfRY7EVQoYJpC20aNptNu3STDbsbscQe/CtePCji1b/hzX/jts1BWx8MPN6bYWaenzAqlWV9G3PzC4tLy4WV4ura+samubVdlzwVmDiYMy6aPpKE0Zg4iipGmokgKPIZafj96shv3BMhKY/v1CAhboS6MQ0pRkpLnrnreNedoI2SRPAHWPey6tXNsHPkmSWrbI0BZ4mdkxLIUfPMr3bAcRqRWGGGpGzZVqLcDAlFMSPDYjuVJEG4j7qkpWmMIiLdbHz/EB5oJYAhF7piBcfq74kMRVIOIl93Rkj15LQ3Ev/zWqkKz92MxkmqSIwni8KUQcXhKAwYUEGwYgNNEBZU3wpxDwmElY6sqEOwp1+eJfXjsn1atm5PSpWLPI4C2AP74BDY4AxUwCWoAQdg8AiewSt4M56MF+Pd+Ji0zhn5zA74A+PzBwX/lXQ=</latexit>

Ud
L ⇡ V +

CKM

Current exp. constraint

Allwicher et al, 2024



Phenomenology at the lowest new scale 3
Flavour Changing effects <latexit sha1_base64="EyS/wt1VY8C2CfMCXYG+K6Py8Tc="></latexit>

�F = 2, b ! sll,K ! ⇡⌫⌫, ⌧ ! 3µ, µ ! 3e, etc

An example of correlation

<latexit sha1_base64="QMB4uSPU9CQ3wN2W6QB5Nxf/My8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSIIQklE0YtQ7EVQoYJpC20aNpttu3Tzwe6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmecnnEllWd/G0vLK6tp6YaO4ubW9s2vu7ddlnApCHRLzWDR9LClnEXUUU5w2E0Fx6HPa8AfVid8YUiFZHD2pUULdEPci1mUEKy15pul4953gGtW9rHr3MO6cembJKltToEVi56QEOWqe+dUOYpKGNFKEYylbtpUoN8NCMcLpuNhOJU0wGeAebWka4ZBKN5tePkbHWglQNxa6IoWm6u+JDIdSjkJfd4ZY9eW8NxH/81qp6l65GYuSVNGIzBZ1U45UjCYxoIAJShQfaYKJYPpWRPpYYKJ0WEUdgj3/8iKpn5Xti7L1eF6q3ORxFOAQjuAEbLiECtxCDRwgMIRneIU3IzNejHfjY9a6ZOQzB/AHxucP2CeSfw==</latexit>

Ud
L = V +

CKM

Current exp. constraint
Mid term exp. expected

Allwicher et al, 2024

<latexit sha1_base64="Wg6Vm4oJWi9OISRjjm3PF4mkriA=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIglASUfRY7EVQoYJpC20aNptNu3STDbsbscQe/CtePCji1b/hzX/jts1BWx8MPN6bYWaenzAqlWV9G3PzC4tLy4WV4ura+samubVdlzwVmDiYMy6aPpKE0Zg4iipGmokgKPIZafj96shv3BMhKY/v1CAhboS6MQ0pRkpLnrnreNedoI2SRPAHWPey6tXNsHPkmSWrbI0BZ4mdkxLIUfPMr3bAcRqRWGGGpGzZVqLcDAlFMSPDYjuVJEG4j7qkpWmMIiLdbHz/EB5oJYAhF7piBcfq74kMRVIOIl93Rkj15LQ3Ev/zWqkKz92MxkmqSIwni8KUQcXhKAwYUEGwYgNNEBZU3wpxDwmElY6sqEOwp1+eJfXjsn1atm5PSpWLPI4C2AP74BDY4AxUwCWoAQdg8AiewSt4M56MF+Pd+Ji0zhn5zA74A+PzBwX/lXQ=</latexit>

Ud
L ⇡ V +

CKM
“                 “

<latexit sha1_base64="Zd3eB3tafK7knXRRCE9bUrd6oVE=">AAACKnicbVDJTgJBFOxxRdxQj146EhM9SGZcokfEi0c0AiYMkp6mgY69TLrfaMiE7/Hir3jhoCFe/RCb5YBLJZ1Uqurl9asoFtyC7w+9ufmFxaXlzEp2dW19YzO3tV21OjGUVagW2txHxDLBFasAB8HuY8OIjASrRY9XI7/2xIzlWt1BL2YNSTqKtzkl4KRm7rJ0exACSULDO10gxuhnfBLK5BCHgllrucSB/5AeXfRDoVVnJjWWA7/fzOX9gj8G/kuCKcmjKcrN3CBsaZpIpoAKYm098GNopMQAp4L1s2FiWUzoI+mwuqOKSGYb6fjUPt53Sgu3tXFPAR6rsxMpkdb2ZOSSkkDX/vZG4n9ePYH2RSPlKk6AKTpZ1E4EBo1HveEWN4yC6DlCqOHur5h2iSEUXLtZV0Lw++S/pHpcCM4K/s1pvlia1pFBu2gPHaAAnaMiukZlVEEUvaA39I4+vFdv4A29z0l0zpvO7KAf8L6+ARTmpmw=</latexit>

BR(⌧ ! 3µ) . 10�8 �! 10�10

<latexit sha1_base64="PbZPiXeCFvrzrF8eeL3jyKTfQbM=">AAACKHicbVDLSgMxFM34rPVVdekmWARdWGbUojtL3bisYluhU0smvW2DeQxJRilDP8eNv+JGRJFu/RLTx8LXgcDhnHO5uSeKOTPW94fezOzc/MJiZim7vLK6tp7b2KwZlWgKVaq40jcRMcCZhKpllsNNrIGIiEM9ujsf+fV70IYpeW37MTQF6UrWYZRYJ7VyZ+WrvVAkoWbdniVaqwd8BPs45GCMYQIH/m16EBwOQq5k91toohcHrVzeL/hj4L8kmJI8mqLSyr2GbUUTAdJSToxpBH5smynRllEOg2yYGIgJvSNdaDgqiQDTTMeHDvCuU9q4o7R70uKx+n0iJcKYvohcUhDbM7+9kfif10hs57SZMhknFiSdLOokHFuFR63hNtNALe87Qqhm7q+Y9ogm1Lpus66E4PfJf0ntsBAUC/7lcb5UntaRQdtoB+2hAJ2gErpAFVRFFD2iZ/SG3r0n78X78IaT6Iw3ndlCP+B9fgHwuqVH</latexit>

BR(µ ! 3e) . 10�12 �! 10�15

Belle II

Mu3e

For so far unobserved transitions



De Blas et al, 2025


