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Family affair

who ordered all of  that? -Isidor Isaac Rabi after the discovery of  the muon, 
a copy of  the electron 100 times heavier, in 1936
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Family affair

who ordered all of  that? -Isidor Isaac Rabi after the discovery of  the muon, 
a copy of  the electron 100 times heavier, in 1936

Abdus Salam, 

EPS HEP conference at CERN 1979

..

Steven Weinberg, 
[2001.06582]

One of  the longer-lasting puzzles in 
particle physics!

https://cds.cern.ch/record/101473/files/C79.06.27_Vol.%202.pdf
https://arxiv.org/abs/2001.06582
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Flavour in the SM (and beyond)

‣ Gauge anomalies cancel family by family.

‣ Flavour (generations, families) refers to copies of  the gauge representation.
<latexit sha1_base64="DPV2iWnfcOgJHYbEQAAV5eKm/tg="></latexit>

Field SU(3)c SU(2)L U(1)Y

q1L 3 2 1/6
u1R 3 1 2/3
d1R 3 1 �1/3
`1L 1 2 �1/2
e1R 1 1 �1

q2L 3 2 1/6
u2R 3 1 2/3
d2R 3 1 �1/3
`2L 1 2 �1/2
e2R 1 1 �1

q3L 3 2 1/6
u3R 3 1 2/3
d3R 3 1 �1/3
`3L 1 2 �1/2
e3R 1 1 �1

‣ The (chiral) fermions of  the SM come in three identical 
(replicated) families under the gauge symmetry.
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(and not 1 or ).N
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‣ Gauge anomalies cancel family by family.

‣ Flavour (generations, families) refers to copies of  the gauge representation.

‣ Why three families (generations, flavours) of  chiral fermions? 
(and not 1 or ).N

• At least three quark families needed to have -violating 
phase(s) in the CKM matrix, QCD asymptotic freedom 
requires less than nine (quark) families.

CP

• Indeed all experimental data supports the existence of  only 
three (chiral) families (see e.g. invisible decay width of   boson)Z
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‣ Gauge anomalies cancel family by family.

‣ Flavour (generations, families) refers to copies of  the gauge representation.

‣ Why three families (generations, flavours) of  chiral fermions? 
(and not 1 or ).N

• At least three quark families needed to have -violating 
phase(s) in the CKM matrix, QCD asymptotic freedom 
requires less than nine (quark) families.

CP

All these are a posteriori arguments

• Indeed all experimental data supports the existence of  only 
three (chiral) families (see e.g. invisible decay width of   boson)Z
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Flavour in the SM (and beyond)
• Chiral fermions can couple to the Higgs doublet that breaks electroweak symmetry!

<latexit sha1_base64="BxX0dULkVUdpMovBnHj+zFc+vqY="></latexit>

Field SU(3)c SU(2)L U(1)Y

q1L 3 2 1/6
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`1L 1 2 �1/2
e1R 1 1 �1

q2L 3 2 1/6
u2R 3 1 2/3
d2R 3 1 �1/3
`2L 1 2 �1/2
e2R 1 1 �1

q3L 3 2 1/6
u3R 3 1 2/3
d3R 3 1 �1/3
`3L 1 2 �1/2
e3R 1 1 �1

H 1 2 1/2

<latexit sha1_base64="VI1Bi20LocmFDHJz/njq7ReahFk="></latexit>

LYukawa = y
u
ijqiL

ÂHujR + y
d
ijqiLHdjR + y

e
ij¸iLHejR + h.c.
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Flavour in the SM (and beyond)
• Chiral fermions can couple to the Higgs doublet that breaks electroweak symmetry!

• Chiral fermion masses appear as a consequence of  spontaneous 
symmetry breaking

<latexit sha1_base64="r8D8GLaT6s2Op9EYLzl77rS5WZo="></latexit>

hHi = 1p
2

✓
0

vSM + h

◆

<latexit sha1_base64="UXA+vFh8MKV2RNxroNQkXLrb1Os="></latexit>

LYukawa =
1p
2
(vSM + h)

⇥
yuijuiLujR + ydijdiLdjR + yeijeiLejR

⇤
+ h.c.

•  are generic  complex matricesyu,d,e
ij 3 × 3
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Flavour in the SM (and beyond)
<latexit sha1_base64="UXA+vFh8MKV2RNxroNQkXLrb1Os="></latexit>

LYukawa =
1p
2
(vSM + h)

⇥
yuijuiLujR + ydijdiLdjR + yeijeiLejR

⇤
+ h.c.

•  are generic  complex matrices. In order to obtain mass eigenstates and (real and positive) 
eigenvalues, Yukawa matrices must be brought to diagonal form via bi-unitary transformations:
yu,d,e

ij 3 × 3

<latexit sha1_base64="KxL3Uo0GSI6+A3UOD8+lFTP5kzI="></latexit>

VdLy
dV †

dR
= diag(yd, ys, yb)

<latexit sha1_base64="lnl3Hj6vMtBOmtsAfoyLTTryKEQ="></latexit>

VeLy
eV †

eR = diag(ye, yµ, y⌧ )
<latexit sha1_base64="KKbR6RG5q/9z5g2ZskIwmQG06yM="></latexit>

VuLy
uV †

uR
= diag(yu, yc, yt)
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VuLy
uV †

uR
= diag(yu, yc, yt)

Fermion masses are proportional to physical Yukawa couplings
<latexit sha1_base64="2CEKX8UVcXEFtuMTfAgiGD3SmoU="></latexit>

m↵ = y↵
vSMp

2

Unitary matrices  encode the mixing among fermions with the same gauge transformationsVψL,R
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Flavour in the SM (and beyond)
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Fermion masses are proportional to physical Yukawa couplings
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m↵ = y↵
vSMp

2

Unitary matrices  encode the mixing among fermions with the same gauge transformationsVψL,R

Physical (weak interactions)

, , VuL
VdL

VeL
VCKM = V†

uL
VdL

Unphysical (in the SM)
But may become 
physical in BSM 
scenarios

VPMNS = V†
νL

VeL
, , VuR

VdR
VeR
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Flavour in the SM (and beyond)
• Neutrino oscillations             (at least 2) neutrinos are massive and there exists mixing in the lepton sector 

• In the SM(EFT)               dim-5 Weinberg operator                     
<latexit sha1_base64="Nvkf9IRZ4bzswZlO/TqYtvJfqKA="></latexit>

cij

⇤
(`

C
Li

eH)(`Lj
eH) neutrinos are Majorana
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Flavour in the SM (and beyond)
• Neutrino oscillations             (at least 2) neutrinos are massive and there exists mixing in the lepton sector 

• In the SM(EFT)               dim-5 Weinberg operator                     
<latexit sha1_base64="Nvkf9IRZ4bzswZlO/TqYtvJfqKA="></latexit>

cij

⇤
(`

C
Li

eH)(`Lj
eH) neutrinos are Majorana

•  and normal ordering, then , if   then mν1
= 0 mν3

= Δm2
31 ≈ 0.05 eV yν

ij ≈ 𝒪(1) MRij ≈ 𝒪(1015 GeV)

• Simple origin via type I seesaw             add at least two gauge singlet (right-handed) neutrinos 
<latexit sha1_base64="wHPcEHj2rv83Dl9rbyfZCEoyNtg="></latexit>

NR1,2 ⇠ (1,1, 0)

• Assume  :mD ≪ MR

<latexit sha1_base64="vY+KwoIildOY8eSg9cHmpn5ZITU="></latexit>

m‹ ƒ mDM≠1
R mT

D

<latexit sha1_base64="Oek90V0uwFqXXxns9wGVt5dYQkQ="></latexit>

mD =

Q

cca

NR1 NR2
¸1 y

‹
11 y

‹
12

¸2 y
‹
21 y

‹
22

¸3 y
‹
31 y

‹
32

R

ddb H̃

<latexit sha1_base64="yI0OrGkHZYNpSTqQLIQFDDFPL+A="></latexit>

MR =

Q

ca
NR1 NR2

N
C
R1 M11 M12

N
C
R2 M12 M22

R

db

<latexit sha1_base64="E55sBRAc5FOLV30gQEu4cpHp1oc="></latexit>

VPMNS ƒ V †
‹L

VeL
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where                         and
<latexit sha1_base64="xjAX4L1SUAuJG94z+JEGItyOOxU=">AAACEnicbVBNS8NAEN3Ur1q/oh69BFtBQUpSpHosetCLUNF+QBPKZjttl+4mcXdTKCG/wYt/xYsHRbx68ua/MWkraOuDgcd7M8zMcwNGpTLNLy2zsLi0vJJdza2tb2xu6ds7demHgkCN+MwXTRdLYNSDmqKKQTMQgLnLoOEOLlK/MQQhqe/dqVEADsc9j3YpwSqR2vpRYdiObI5VX/Do9jqObUk53JdOyvbxj3wJ9biQa+t5s2iOYcwTa0ryaIpqW/+0Oz4JOXiKMCxlyzID5URYKEoYxDk7lBBgMsA9aCXUwxykE41fio2DROkYXV8k5SljrP6eiDCXcsTdpDO9Us56qfif1wpV98yJqBeECjwyWdQNmaF8I83H6FABRLFRQjARNLnVIH0sMFFJimkI1uzL86ReKlrlYvmmlK+cT+PIoj20jw6RhU5RBV2hKqohgh7QE3pBr9qj9qy9ae+T1ow2ndlFf6B9fAOXy51o</latexit>

vSM ' 246GeV
<latexit sha1_base64="euIVSWqm8LPQ9X5el0751vRx8KI=">AAACFXicbVDLSgMxFM34tr6qLt0EW8GFlJki1WXRjUsF+4BOKZn0tg3NZMbkjlCG/oQbf8WNC0XcCu78G9M6C209EHI451ySe4JYCoOu++UsLC4tr6yurec2Nre2d/K7e3UTJZpDjUcy0s2AGZBCQQ0FSmjGGlgYSGgEw8uJ37gHbUSkbnEUQztkfSV6gjO0Uid/UvSlTXcZ9Y0I4W5yKerjAJB10stxprqlcvm02MkX3JI7BZ0nXkYKJMN1J//pdyOehKCQS2ZMy3NjbKdMo+ASxjk/MRAzPmR9aFmqWAimnU63GtMjq3RpL9L2KKRT9fdEykJjRmFgkyHDgZn1JuJ/XivB3nk7FSpOEBT/eaiXSIoRnVREu0IDRzmyhHEt7F8pHzDNONoic7YEb3bleVIvl7xKqXJTLlQvsjrWyAE5JMfEI2ekSq7INakRTh7IE3khr86j8+y8Oe8/0QUnm9knf+B8fAMwFp2P</latexit>

� ' sin ✓C ' 0.224

Flavour in the SM (and beyond)

2

Flavour Puzzle & Higgs Hierarchy Problem

Marko Pesut – Bologna 2024

• Hierarchical pattern of fermion masses and mixing angles

• Higgs mass sensitivity to NP

<latexit sha1_base64="2CEKX8UVcXEFtuMTfAgiGD3SmoU="></latexit>

m↵ = y↵
vSMp

2

‣ Small  - natural a la t’Hooftyα

‣ But the three families are 
identical objects, all  enter 
the theory in the same way - 
Why hierarchies?

yα

<latexit sha1_base64="5aLh9+Mi+Qz/fP04MzPXRnpgWjo="></latexit>

VPMNS ≥

Q

a
0.8 0.6 0.15
0.4 0.6 0.7
0.4 0.6 0.7

R

b

<latexit sha1_base64="v4nHJ+/XyZFTIHsr6Z/R/QjPz1U="></latexit>

mt ≥ vSMÔ
2

, mc ≥ ⁄3.3 vSMÔ
2

, mu ≥ ⁄7.5 vSMÔ
2

,

mb ≥ ⁄2.5 vSMÔ
2

, ms ≥ ⁄5.0 vSMÔ
2

, md ≥ ⁄7.0 vSMÔ
2

,

m· ≥ ⁄3.0 vSMÔ
2

, mµ ≥ ⁄4.9 vSMÔ
2

, me ≥ ⁄8.4 vSMÔ
2

,

<latexit sha1_base64="i+/IwLRvhR0/XDfVv9bjZQAaRDw="></latexit>

VCKM ≥

Q

a
1 ⁄ ⁄3

⁄ 1 ⁄2

⁄3 ⁄2 1

R

b



Mario Fernández Navarro Flavour deconstruction: from the EW scale to the GUT scale 9

Flavour model building program

1. Understand why (how?) Nature has chosen three identical fermion families. 

2. Understand the origin of  flavour hierarchies, the origin of  neutrino masses and the 
different mixing among quarks and leptons, in terms of  a dynamical mechanism. 

3. Ideally, all (flavour) parameters should be calculable from fundamental principles (i.e. 
theory with no free parameters) - or at least calculable in terms of   parameters. 

4. Ideally, testable!

𝒪(1)
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Conventions

• In some BSM theories, LH fermions    unify in the same multiplet with conjugate RH fermions    (both are LH):f f c

<latexit sha1_base64="udL8goWnGSjfzVM+TclLWP7Ev+o="></latexit>

5̄i ⇠ `i � dci

<latexit sha1_base64="6V8ZoG1cLf/wlgIfWw3cOzwp3G8="></latexit>

10i ⇠ qi � uc
i � eci

<latexit sha1_base64="QhqBzWnl7oGu4Le4/oD1qEK6rBo=">AAACHXicbVDNTgIxGOziH65/qEcvjcQEL2SXRPRI9OIRowsk7IZ0S4GGbrtpu0ay4TW84st4M16N7+LBLuxBwEmaTGa+L990wphRpR3n2ypsbG5t7xR37b39g8Oj0vFJS4lEYuJhwYTshEgRRjnxNNWMdGJJUBQy0g7Hd5nffiZSUcGf9CQmQYSGnA4oRtpIvt+1H73K1aXtB3avVHaqzhxwnbg5KYMczV7px+8LnESEa8yQUl3XiXWQIqkpZmRq+4kiMcJjNCRdQzmKiArSeeYpvDBKHw6ENI9rOFf/bqQoUmoShWYyQnqkVr1M/NcLhRhrFKql++nL4uxyJj24CVLK40QTjheRBgmDWsCsKtinkmDNJoYgLKn5FcQjJBHWptCsLne1nHXSqlXderX+UCs3bvPiiuAMnIMKcME1aIB70AQewCAGr2AG3qyZ9W59WJ+L0YKV75yCJVhfvwHGoY0=</latexit>

SU(5)
<latexit sha1_base64="LCcxRRsMQPRU4GxqXdOv0pqOIm4="></latexit>

16i ⇠ qi � `i � uc
i � dci � eci � ⌫ci

<latexit sha1_base64="P2CXWTuTbiNqTDZ6TJp0hgjof0M=">AAACHnicbVC7TsMwFHV4lvAqMLJYVEhlqZIOhbGChY0i6ENqospxndaqYwfbQVRRv4O1/AwbYoV/YcBpM9CWI1k6Oude3eMTxIwq7Tjf1tr6xubWdmHH3t3bPzgsHh23lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRTea3n4lUVPBHPY6JH6EBpyHFSBvJ97r2w13ZdS5sz7d7xZJTcWaAq8TNSQnkaPSKP15f4CQiXGOGlOq6Tqz9FElNMSMT20sUiREeoQHpGspRRJSfzkJP4LlR+jAU0jyu4Uz9u5GiSKlxFJjJCOmhWvYy8V8vEGKkUaAW7qcv87OLmXR45aeUx4kmHM8jhQmDWsCsK9inkmDNxoYgLKn5FcRDJBHWptGsLne5nFXSqlbcWqV2Xy3Vr/PiCuAUnIEycMElqINb0ABNgMETeAVT8GZNrXfrw/qcj65Z+c4JWID19QtpLKG9</latexit>

SO(10)

see e.g. [Dreiner, Haber, Martin, 0812.1594], also Adam Falkowski GGI lectures

• 4-component (Dirac) spinor expressed in terms of  2-component (Weyl) spinor:
<latexit sha1_base64="hD1XTC8FerlLhBspFolMc77Wwao="></latexit>

F =

✓
fL
fR

◆
⌘

✓
f

(f c)†

◆
, F̄ = F †�0 =

�
f c f† �

, �µ =

✓
0 �µ

�̄µ 0

◆

<latexit sha1_base64="E60cS2Wr7tClwMVlOFmsa78I5wI="></latexit>

Field SU(3)c SU(2)L U(1)Y

qi 3 2 1/6
uc

i 3 1 ≠2/3
dc

i 3 1 1/3
¸i 1 2 ≠1/2
ec

i 1 1 1

<latexit sha1_base64="al7WqzTxB7ZSHp/wvZt7Yu8x9Dc="></latexit>

Field SU(3)c SU(2)L U(1)Y

qLi 3 2 1/6
uRi 3 1 2/3
dRi 3 1 ≠1/3
¸Li 1 2 ≠1/2
eRi 1 1 ≠1

https://agenda.infn.it/event/39074/sessions/30445/attachments/122631/179708/ggi.pdf
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3. Flavour deconstruction: from the electroweak scale 

4. Flavour deconstruction: to the GUT scale



Mario Fernández Navarro Flavour deconstruction: from the EW scale to the GUT scale 12

Flavour deconstruction

EPS HEP conference at CERN 1979

An oasis in the  desert vs 
 intermediate scales…

SU(5)
SO(10)

“Tribal groups”

“Flavour deconstruction”

https://cds.cern.ch/record/101473/files/C79.06.27_Vol.%202.pdf
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Flavour deconstruction

<latexit sha1_base64="00BxqialI5zDTMFTU9y/VOUxCJY="></latexit>

SU(2)L1 ⇥ SU(2)L2 ⇥ SU(2)L3 ⇥ U(1)Y

• Perhaps first concrete realisation is: [Li and Ma, 1981]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
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Flavour deconstruction

<latexit sha1_base64="00BxqialI5zDTMFTU9y/VOUxCJY="></latexit>

SU(2)L1 ⇥ SU(2)L2 ⇥ SU(2)L3 ⇥ U(1)Y

• Perhaps first concrete realisation is: [Li and Ma, 1981]

• More recent realisations:

[Craig, Green and Katz, 2011]

<latexit sha1_base64="YYmwOG2paBcAau2zSMLbK2W+P3s="></latexit>

SUSY SM12 ⇥ SM3

[Bordone, Cornella, Fuentes-Martín, Isidori, 2017]

<latexit sha1_base64="SWcIbLjZ9PURKej2ncq4BhgHAYI=">AAACU3icbVHLTsJAFB0qKtZX1aWbRmLiirSYoEuiG5cY5ZHQhkyHASZMO83MrZE0/I5f4xYTv0UXTqELC9xkkpNzH+feM0HMmQLH+S4ZO+Xdvf3KgXl4dHxyap2dd5RIJKFtIriQvQAryllE28CA014sKQ4DTrvB9DHLd9+oVExErzCLqR/iccRGjGDQ1MBqen3TCzFMZJi2XuaD1J17wEKqCmR9G3k7Nz3fHFhVp+Ysw94Ebg6qKI/WwPr1hoIkIY2AcKxU33Vi8FMsgRFO9cxE0RiTKR7TvoYR1rp+urx0bl9rZmiPhNQvAnvJ/u9IcajULAx0ZbaqWs9l5NZcIMQUcKAK+un7Sra4E4zu/ZRFcQI0IquVRgm3QdiZwfaQSUqAzzTARDJ9lU0mWGIC+hsyu9x1czZBp15zG7XGc73afMiNq6BLdIVukIvuUBM9oRZqI4I+0CdaoK/SovRjGEZ5VWqU8p4LVAjj+A+o5ray</latexit>

PS1 ⇥ PS2 ⇥ PS3

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/1103.3708
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
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• Flavour deconstruction: SM is embedded in a extended gauge symmetry that contains 
a separate factor for each fermion family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

[Salam 79’, Rajpoot 81’, Li and Ma 81’, Georgi 82’ …

Bordone et al 17’, Greljo and Stefanek 18’,

Fuentes-Martín et al, 20’, Davighi and Isidori 23’ …]

Flavour deconstruction
• Three fermion families are identical (replicated) objects under the SM symmetry, 

yet they interact so differently with the Higgs
Family (gauge) structure hidden at high energies?
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• Flavour deconstruction: SM is embedded in a extended gauge symmetry that contains 
a separate factor for each fermion family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

[Salam 79’, Rajpoot 81’, Li and Ma 81’, Georgi 82’ …

Bordone et al 17’, Greljo and Stefanek 18’,

Fuentes-Martín et al, 20’, Davighi and Isidori 23’ …]

Flavour deconstruction
• Three fermion families are identical (replicated) objects under the SM symmetry, 

yet they interact so differently with the Higgs
Family (gauge) structure hidden at high energies?

‣ Discriminates between the three families (no longer family replication). 

‣ The EW Higgs doublet is a third family particle (i.e. singlet of   and  but not of  ). 

‣ Explains SM flavour structure with all fundamental (Yukawa) couplings being .

G1 G2 G3

𝒪(1)
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• Flavour deconstruction: SM is embedded in a extended gauge symmetry that contains 
a separate factor for each fermion family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

[Salam 79’, Rajpoot 81’, Li and Ma 81’, Georgi 82’ …

Bordone et al 17’, Greljo and Stefanek 18’,

Fuentes-Martín et al, 20’, Davighi and Isidori 23’ …]

Flavour deconstruction
• Three fermion families are identical (replicated) objects under the SM symmetry, 

yet they interact so differently with the Higgs
Family (gauge) structure hidden at high energies?

• Several different names in the literature:“tribal groups”, “gauge non-universal theories of  flavour 
(extensions of  the SM)”, “multi-scale theories of  flavour”, “flavour deconstruction”… 

‣ Discriminates between the three families (no longer family replication). 

‣ The EW Higgs doublet is a third family particle (i.e. singlet of   and  but not of  ). 

‣ Explains SM flavour structure with all fundamental (Yukawa) couplings being .

G1 G2 G3

𝒪(1)
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Outline

1. Introduction: Flavour in the SM (and beyond) 

2. Flavour deconstruction: generics 

3. Flavour deconstruction: from the electroweak scale 

4. Flavour deconstruction: to the GUT scale
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A simple example: <latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="zvfJE/ta9f4a1eP0oopzoEUktpY="></latexit>

YSM ⌘ Y = Y1 + Y2 + Y3

<latexit sha1_base64="6lvgX7pvct0H3cCKXyETZCTnJVg="></latexit>q1

uc
1

dc1
`1

ec1

<latexit sha1_base64="vcoqj2cEle2gdClUguG18A8BN3Q="></latexit>q2

uc
2

dc2
`2

ec2

Simple example: Tri-hypercharge

<latexit sha1_base64="rbjPmu4U4WCGnKpiGYRIcahQgq4="></latexit>

q3

u
c
3

d
c
3

`3

e
c
3

H3

‣“A separate (gauge) hypercharge for each 
fermion family” - no ad-hoc choices.

[MFN, King, 23'; MFN, King, Vicente, 24']
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A simple example: <latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="zvfJE/ta9f4a1eP0oopzoEUktpY="></latexit>

YSM ⌘ Y = Y1 + Y2 + Y3

<latexit sha1_base64="6lvgX7pvct0H3cCKXyETZCTnJVg="></latexit>q1

uc
1

dc1
`1

ec1

<latexit sha1_base64="vcoqj2cEle2gdClUguG18A8BN3Q="></latexit>q2

uc
2

dc2
`2

ec2

Simple example: Tri-hypercharge

<latexit sha1_base64="rbjPmu4U4WCGnKpiGYRIcahQgq4="></latexit>

q3

u
c
3

d
c
3

`3

e
c
3

H3

‣“A separate (gauge) hypercharge for each 
fermion family” - no ad-hoc choices.

‣Gauge anomalies cancel family by family 
- but now without family replication.

<latexit sha1_base64="LokjAR/Ko6OYpA0b2IsguT7Fbgk="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H3 1 2 0 0 1/2

[MFN, King, 23'; MFN, King, Vicente, 24']
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A simple example: <latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="zvfJE/ta9f4a1eP0oopzoEUktpY="></latexit>

YSM ⌘ Y = Y1 + Y2 + Y3

<latexit sha1_base64="6lvgX7pvct0H3cCKXyETZCTnJVg="></latexit>q1

uc
1

dc1
`1

ec1

‣Light families are massless in first approximation:                         

<latexit sha1_base64="vcoqj2cEle2gdClUguG18A8BN3Q="></latexit>q2

uc
2

dc2
`2

ec2

Simple example: Tri-hypercharge

<latexit sha1_base64="TMfLPPVlfe5OYvLreIwNMyQJlcY=">AAACEnicbVDLSsNAFJ3UV42vqLhyM1gEQQhJF9Vl0Y3LCvYBSSiT6aQdOpOEmYlYQv/CH3Crf+BO3PoD/oDf4aTNwrYeGDicc+/cwwlTRqVynG+jsra+sblV3TZ3dvf2D6zDo45MMoFJGycsEb0QScJoTNqKKkZ6qSCIh4x0w/Ft4XcfiZA0iR/UJCUBR8OYRhQjpaW+deJ75qXPkRoJno9sbE9NPzD7Vs2xnRngKnFLUgMlWn3rxx8kOOMkVpghKT3XSVWQI6EoZkT/mUmSIjxGQ+JpGiNOZJDP4k/huVYGMEqEfrGCM/XvRo64lBMe6skiqFz2CvE/z8tUdB3kNE4zRWI8PxRlDKoEFl3AARUEKzbRBGFBdVaIR0ggrHRjC1ee5lGLYtzlGlZJp267DbtxX681b8qKquAUnIEL4IIr0AR3oAXaAIMcvIBX8GY8G+/Gh/E5H60Y5c4xWIDx9Qu0EJzJ</latexit>

+h.c.

<latexit sha1_base64="rbjPmu4U4WCGnKpiGYRIcahQgq4="></latexit>

q3

u
c
3

d
c
3

`3

e
c
3

H3

<latexit sha1_base64="ZXRrCln2ZIK3DLrsT7rVDg5RUko="></latexit>

L = ytq3H3u
c
3 + ybq3H3d

c
3 + y⌧ `3H3e

c
3

‣“A separate (gauge) hypercharge for each 
fermion family” - no ad-hoc choices.

‣Gauge anomalies cancel family by family 
- but now without family replication.

‣EW Higgs doublet only carries third 
family hypercharge - only third family 
Yukawas at renormalisable level.

<latexit sha1_base64="LokjAR/Ko6OYpA0b2IsguT7Fbgk="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H3 1 2 0 0 1/2

[MFN, King, 23'; MFN, King, Vicente, 24']
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A simple example: <latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="a2jqGrB+2TBbacRrLmyhWIKNy0E="></latexit>

L = ytq3H
u
3 u

c
3 + ybq3H

d
3d

c
3 + y⌧ `3H

d
3 e

c
3

<latexit sha1_base64="zvfJE/ta9f4a1eP0oopzoEUktpY="></latexit>

YSM ⌘ Y = Y1 + Y2 + Y3

<latexit sha1_base64="soSn1UW+AL8o2SPtadQfxtnWOgQ="></latexit>

tan� = vu/vd ⇡ ��2 ' 20

‣Type II 2HDM can take care of            
hierarchies via:                          

<latexit sha1_base64="6GQ3X96DIxa6HUMgDOg6iAQrPjI=">AAACIHicbZDLSgMxGIUzXut4q7rTzWARXEid6aK6LLpxWcFeYGYYMmnahiaTIflHKEPBZ3HhVh/DnbjUl/AVTC8LbXsg8HHOn5D/xClnGlz3y1pZXVvf2Cxs2ds7u3v7xYPDppaZIrRBJJeqHWNNOUtoAxhw2k4VxSLmtBUPbsd565EqzWTyAMOUhgL3EtZlBIOxouJx4NsiyuOLAHA2ujQIIzsIbaOoWHLL7kTOIngzKKGZ6lHxJ+hIkgmaAOFYa99zUwhzrIARTs2zmaYpJgPco77BBAuqw3yyw8g5M07H6UplTgLOxP17I8dC66GIzaTA0Nfz2dhcmsVSDgDHelnoZ9C9DnOWpBnQhEx/0c24A9IZt+V0mKIE+NAAJoqZRRzSxwoTMJ2OG/Lm+1iEZqXsVcvV+0qpdjPrqoBO0Ck6Rx66QjV0h+qogQh6Qi/oFb1Zz9a79WF9TkdXrNmdI/RP1vcvScqhnw==</latexit>

mb,⌧/mt

<latexit sha1_base64="6lvgX7pvct0H3cCKXyETZCTnJVg="></latexit>q1

uc
1

dc1
`1

ec1

<latexit sha1_base64="9SevoU4BVRwi/DpTmuRLY+BbfO8="></latexit>

q3

u
c
3

d
c
3

`3

e
c
3

H
u,d
3

‣Light families are massless in first approximation:                         

<latexit sha1_base64="vcoqj2cEle2gdClUguG18A8BN3Q="></latexit>q2

uc
2

dc2
`2

ec2

Simple example: Tri-hypercharge

<latexit sha1_base64="TMfLPPVlfe5OYvLreIwNMyQJlcY=">AAACEnicbVDLSsNAFJ3UV42vqLhyM1gEQQhJF9Vl0Y3LCvYBSSiT6aQdOpOEmYlYQv/CH3Crf+BO3PoD/oDf4aTNwrYeGDicc+/cwwlTRqVynG+jsra+sblV3TZ3dvf2D6zDo45MMoFJGycsEb0QScJoTNqKKkZ6qSCIh4x0w/Ft4XcfiZA0iR/UJCUBR8OYRhQjpaW+deJ75qXPkRoJno9sbE9NPzD7Vs2xnRngKnFLUgMlWn3rxx8kOOMkVpghKT3XSVWQI6EoZkT/mUmSIjxGQ+JpGiNOZJDP4k/huVYGMEqEfrGCM/XvRo64lBMe6skiqFz2CvE/z8tUdB3kNE4zRWI8PxRlDKoEFl3AARUEKzbRBGFBdVaIR0ggrHRjC1ee5lGLYtzlGlZJp267DbtxX681b8qKquAUnIEL4IIr0AR3oAXaAIMcvIBX8GY8G+/Gh/E5H60Y5c4xWIDx9Qu0EJzJ</latexit>

+h.c.

‣“A separate (gauge) hypercharge for each 
fermion family” - no ad-hoc choices.

‣Gauge anomalies cancel family by family 
- but now without family replication.

‣EW Higgs doublet only carries third 
family hypercharge - only third family 
Yukawas at renormalisable level.

<latexit sha1_base64="daFU/7HMy8mWz/lSqQg2hs+Ay3k="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H
u,d
3 1 2 0 0 ±1/2

[MFN, King, 23'; MFN, King, Vicente, 24']
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Tri-hypercharge: spurions
<latexit sha1_base64="mh+Kz+Yn9KZZbgZ7P1GrG+Lj51k="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 0
0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

 coupling𝒪(1)
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

17

Tri-hypercharge: spurions
<latexit sha1_base64="mh+Kz+Yn9KZZbgZ7P1GrG+Lj51k="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 0
0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

 coupling𝒪(1)
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

17

Tri-hypercharge: spurions

<latexit sha1_base64="LtNElNXKYklvZeSd+6G04oQ29QY="></latexit>

� ⇠ (0,�1

6
,
1

6
)

<latexit sha1_base64="95LRP4yBsvh0KLhjZG8wFKZDsIs="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 �(0,� 1

6 ,
1
6 )

0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

<latexit sha1_base64="tADnARsUQJGjhM5BxnOo2dEqLOE=">AAACWXicdVHLSsNAFJ3EqjW+Wrt0M1gEVyWpUN0IRTddVrAPaGOYTKbt0EkmzkzEEvI1fo1bXYk/47TNwj48MHA4517uvWf8mFGpbPvbMHcKu3v7xQPr8Oj45LRUPutKnghMOpgzLvo+koTRiHQUVYz0Y0FQ6DPS86cPc7/3SoSkPHpSs5i4IRpHdEQxUlrySnfDgTVsTyh88dJ61vLS6+w5DbJgSXBmDV3rf3ilql2zF4CbxMlJFeRoe2WjMAw4TkISKcyQlAPHjpWbIqEoZkSPSySJEZ6iMRloGqGQSDdd3JnBS60EcMSFfpGCC/VvR4pCKWehrytDpCZy3ZuLW723fMCK6HM+VciX2zoGiRrduimN4kSRCC9XGyUMKg7nMcOACoIVm2mCsKD6OognSCCs9GfMc3PWU9ok3XrNadQaj/Vq8z5PsAjOwQW4Ag64AU3QAm3QARi8gw/wCb6MH9Mwi6a1LDWNvKcCVmBWfgHcNqwF</latexit>

�q2H
d
3d

c
3
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

17

Tri-hypercharge: spurions

<latexit sha1_base64="LtNElNXKYklvZeSd+6G04oQ29QY="></latexit>

� ⇠ (0,�1

6
,
1

6
)

<latexit sha1_base64="oxoEDQ40NsFlz6svhsg7/aQlMEs="></latexit>

Ld =
�
q1 q2 q3

�
0

@
�(� 1

2 , 0,
1
2 ) �(� 1

6 ,�
1
3 ,

1
2 ) �(� 1

6 , 0,
1
6 )

�(� 1
3 ,�

1
6 ,

1
2 ) �(0,� 1

2 ,
1
2 ) �(0,� 1

6 ,
1
6 )

�(� 1
3 , 0,

1
3 ) �(0,� 1

3 ,
1
3 ) 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3 +h.c.

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

<latexit sha1_base64="tADnARsUQJGjhM5BxnOo2dEqLOE=">AAACWXicdVHLSsNAFJ3EqjW+Wrt0M1gEVyWpUN0IRTddVrAPaGOYTKbt0EkmzkzEEvI1fo1bXYk/47TNwj48MHA4517uvWf8mFGpbPvbMHcKu3v7xQPr8Oj45LRUPutKnghMOpgzLvo+koTRiHQUVYz0Y0FQ6DPS86cPc7/3SoSkPHpSs5i4IRpHdEQxUlrySnfDgTVsTyh88dJ61vLS6+w5DbJgSXBmDV3rf3ilql2zF4CbxMlJFeRoe2WjMAw4TkISKcyQlAPHjpWbIqEoZkSPSySJEZ6iMRloGqGQSDdd3JnBS60EcMSFfpGCC/VvR4pCKWehrytDpCZy3ZuLW723fMCK6HM+VciX2zoGiRrduimN4kSRCC9XGyUMKg7nMcOACoIVm2mCsKD6OognSCCs9GfMc3PWU9ok3XrNadQaj/Vq8z5PsAjOwQW4Ag64AU3QAm3QARi8gw/wCb6MH9Mwi6a1LDWNvKcCVmBWfgHcNqwF</latexit>
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Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  
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Model 1

‣Completion via -singlet VL fermions 

‣Simple scalar sector and potential

SU(2)
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U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

D12 -1/6 1/2 0 (3,1)
D13 -1/6 0 1/2 (3,1)
D23 0 -1/6 1/2 (3,1)

E12 1/2 1/2 0 (1,1)
E13 1/2 0 1/2 (1,1)
E23 0 1/2 1/2 (1,1)

<latexit sha1_base64="YNUFOauk8YDMboDLpjpDO6jn2hk="></latexit>

H
d
3 �`23

q2 D23 D23 d
c
2

<latexit sha1_base64="r+QAWMebpa8uovyqHJRDp5TGL9A="></latexit>

Yd =

0

BBBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD12

�̃q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCCA

<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)
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<latexit sha1_base64="r+QAWMebpa8uovyqHJRDp5TGL9A="></latexit>

Yd =

0

BBBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD12

�̃q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCCA

Model 1 spectrum
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‣Fit SM flavour structure via three naturally small parameters (includes also up-quarks and charged leptons):

Model 1 spectrum

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w="></latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="KI/MORgHSR++zG1ZTbGvoIeWtoM="></latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD12

�̃q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA



Mario Fernández Navarro Flavour deconstruction: from the EW scale to the GUT scale 20

‣Fit SM flavour structure via three naturally small parameters (includes also up-quarks and charged leptons):

Model 1 spectrum

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w="></latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="4xnHP4sUNLKbyiZ+1pW5Yv6OTMc="></latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA
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‣Fit SM flavour structure via three naturally small parameters (includes also up-quarks and charged leptons):

Model 1 spectrum

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w="></latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="AGSsekxSXromKa7U68jdcdOd8v8="></latexit>

m1

m3
=

h�12i
M12,13

h�23i
M12,13

⇠ �5 ) h�23i
M12,13

⇠ �4

<latexit sha1_base64="k9DDTxoowMmy5FJdmy/hnYo2Xdw="></latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA
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‣Fixed relation between VEVs is predicted:

‣Fit SM flavour structure via three naturally small parameters (includes also up-quarks and charged leptons):

<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w="></latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="AGSsekxSXromKa7U68jdcdOd8v8="></latexit>

m1

m3
=

h�12i
M12,13

h�23i
M12,13

⇠ �5 ) h�23i
M12,13

⇠ �4

<latexit sha1_base64="k9DDTxoowMmy5FJdmy/hnYo2Xdw="></latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA

Highly non-generic
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‣Fixed relation between VEVs is predicted:
<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)

<latexit sha1_base64="+ovCUqMEgc0MxAnRgGnQTRoTExk="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23,D23,E23

<latexit sha1_base64="2IVeTIekPo0GwQZwfzGs9LU3G3E="></latexit>

v23 ⇠ h�q23i, h�`23i

<latexit sha1_base64="i5ixYpGE1ICV4vsMFmOyTliB2/8=">AAACEXicbZDLSsNAFIYn9VbjLerSzWARuiglqVBdFi/gRqhg2kIbwmQ6aYdOLsxMhBL6Cm58FTcuFHHrzp1v46SNoq0/DHz855yZOb8XMyqkaX5qhaXlldW14rq+sbm1vWPs7rVElHBMbByxiHc8JAijIbEllYx0Yk5Q4DHS9kbnWb19R7igUXgrxzFxAjQIqU8xkspyjXKvq1+7qe2mVq1iHU8qFz90+U0TveforlEyq+ZUcBGsHEogV9M1Pnr9CCcBCSVmSIiuZcbSSRGXFDOi7kwEiREeoQHpKgxRQISTTjeawCPl9KEfcXVCCafu74kUBUKMA091BkgOxXwtM/+rdRPpnzopDeNEkhDPHvITBmUEs3hgn3KCJRsrQJhT9VeIh4gjLFWIWQjW/MqL0KpVrXq1flMrNc7yOIrgAByCMrDACWiAK9AENsDgHjyCZ/CiPWhP2qv2NmstaPnMPvgj7f0LTWKZig==</latexit>

MU12,13,D12,13,E12,13

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to             variations

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i
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‣Fixed relation between VEVs is predicted:
<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)

<latexit sha1_base64="+ovCUqMEgc0MxAnRgGnQTRoTExk="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23,D23,E23

<latexit sha1_base64="2IVeTIekPo0GwQZwfzGs9LU3G3E="></latexit>

v23 ⇠ h�q23i, h�`23i

<latexit sha1_base64="i5ixYpGE1ICV4vsMFmOyTliB2/8=">AAACEXicbZDLSsNAFIYn9VbjLerSzWARuiglqVBdFi/gRqhg2kIbwmQ6aYdOLsxMhBL6Cm58FTcuFHHrzp1v46SNoq0/DHz855yZOb8XMyqkaX5qhaXlldW14rq+sbm1vWPs7rVElHBMbByxiHc8JAijIbEllYx0Yk5Q4DHS9kbnWb19R7igUXgrxzFxAjQIqU8xkspyjXKvq1+7qe2mVq1iHU8qFz90+U0TveforlEyq+ZUcBGsHEogV9M1Pnr9CCcBCSVmSIiuZcbSSRGXFDOi7kwEiREeoQHpKgxRQISTTjeawCPl9KEfcXVCCafu74kUBUKMA091BkgOxXwtM/+rdRPpnzopDeNEkhDPHvITBmUEs3hgn3KCJRsrQJhT9VeIh4gjLFWIWQjW/MqL0KpVrXq1flMrNc7yOIrgAByCMrDACWiAK9AENsDgHjyCZ/CiPWhP2qv2NmstaPnMPvgj7f0LTWKZig==</latexit>

MU12,13,D12,13,E12,13

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to             variations

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i
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‣Fixed relation between VEVs is predicted:
<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)

<latexit sha1_base64="+ovCUqMEgc0MxAnRgGnQTRoTExk="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23,D23,E23

<latexit sha1_base64="2IVeTIekPo0GwQZwfzGs9LU3G3E="></latexit>

v23 ⇠ h�q23i, h�`23i

<latexit sha1_base64="i5ixYpGE1ICV4vsMFmOyTliB2/8=">AAACEXicbZDLSsNAFIYn9VbjLerSzWARuiglqVBdFi/gRqhg2kIbwmQ6aYdOLsxMhBL6Cm58FTcuFHHrzp1v46SNoq0/DHz855yZOb8XMyqkaX5qhaXlldW14rq+sbm1vWPs7rVElHBMbByxiHc8JAijIbEllYx0Yk5Q4DHS9kbnWb19R7igUXgrxzFxAjQIqU8xkspyjXKvq1+7qe2mVq1iHU8qFz90+U0TveforlEyq+ZUcBGsHEogV9M1Pnr9CCcBCSVmSIiuZcbSSRGXFDOi7kwEiREeoQHpKgxRQISTTjeawCPl9KEfcXVCCafu74kUBUKMA091BkgOxXwtM/+rdRPpnzopDeNEkhDPHvITBmUEs3hgn3KCJRsrQJhT9VeIh4gjLFWIWQjW/MqL0KpVrXq1flMrNc7yOIrgAByCMrDACWiAK9AENsDgHjyCZ/CiPWhP2qv2NmstaPnMPvgj7f0LTWKZig==</latexit>

MU12,13,D12,13,E12,13

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to             variations

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i
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‣Fixed relation between VEVs is predicted:
<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum

<latexit sha1_base64="KJK4Y3RjqqtRZUf2MOC4hmizoaM=">AAACI3icbVDNT8IwHO38xPk19eilkZjghWwkokeiF4+YOCCBSbpSoKFrl7YjkoX/xCv+M96MFw/+Jx7sYAcBX9Lk5f2+Xl8YM6q0635ZG5tb2zu7hT17/+Dw6Ng5OW0okUhMfCyYkK0QKcIoJ76mmpFWLAmKQkaa4eg+qzfHRCoq+JOexCSI0IDTPsVIG6nrOJ227ZcqV8/p9dTuBLbddYpu2Z0DrhMvJ0WQo951fjo9gZOIcI0ZUqrtubEOUiQ1xYyYpYkiMcIjNCBtQzmKiArSufMpvDRKD/aFNI9rOFf/TqQoUmoShaYzQnqoVmuZ+G8tFGKkUaiW7qcvi7PLnnT/NkgpjxNNOF5Y6icMagGzwGCPSoI1mxiCsKTmVxAPkURYm1izuLzVcNZJo1L2quXqY6VYu8uDK4BzcAFKwAM3oAYeQB34AIMxeAUz8GbNrHfrw/pctG5Y+cwZWIL1/Qs6qaMl</latexit>

U(2)5

<latexit sha1_base64="3GtG3NP/JJMBOO9grsb8AVKn9/0=">AAACI3icbVDNT8IwHO3wC+fX1KOXRWKCF7JhRI9ELx4xcUACk3Slg4auXdqOSBb+E6/4z3gzXjz4n3iwgx0EfEmTl/f7en1BTIlUjvNlFDY2t7Z3irvm3v7B4ZF1fNKUPBEIe4hTLtoBlJgShj1FFMXtWGAYBRS3gtF9Vm+NsZCEsyc1ibEfwQEjIUFQaalnWd2O6ZWvLp/T66nZ9U2zZ5WcijOHvU7cnJRAjkbP+un2OUoizBSiUMqO68TKT6FQBFGslyYSxxCN4AB3NGUwwtJP586n9oVW+nbIhX5M2XP170QKIyknUaA7I6iGcrWWif/WAs5HCgZy6X76sji77EmFt35KWJwozNDCUphQW3E7C8zuE4GRohNNIBJE/8pGQyggUjrWLC53NZx10qxW3Fql9lgt1e/y4IrgDJyDMnDBDaiDB9AAHkBgDF7BDLwZM+Pd+DA+F60FI585BUswvn8BPGGjJg==</latexit>

U(3)5

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)

<latexit sha1_base64="+ovCUqMEgc0MxAnRgGnQTRoTExk="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23,D23,E23

<latexit sha1_base64="2IVeTIekPo0GwQZwfzGs9LU3G3E="></latexit>

v23 ⇠ h�q23i, h�`23i

<latexit sha1_base64="i5ixYpGE1ICV4vsMFmOyTliB2/8=">AAACEXicbZDLSsNAFIYn9VbjLerSzWARuiglqVBdFi/gRqhg2kIbwmQ6aYdOLsxMhBL6Cm58FTcuFHHrzp1v46SNoq0/DHz855yZOb8XMyqkaX5qhaXlldW14rq+sbm1vWPs7rVElHBMbByxiHc8JAijIbEllYx0Yk5Q4DHS9kbnWb19R7igUXgrxzFxAjQIqU8xkspyjXKvq1+7qe2mVq1iHU8qFz90+U0TveforlEyq+ZUcBGsHEogV9M1Pnr9CCcBCSVmSIiuZcbSSRGXFDOi7kwEiREeoQHpKgxRQISTTjeawCPl9KEfcXVCCafu74kUBUKMA091BkgOxXwtM/+rdRPpnzopDeNEkhDPHvITBmUEs3hgn3KCJRsrQJhT9VeIh4gjLFWIWQjW/MqL0KpVrXq1flMrNc7yOIrgAByCMrDACWiAK9AENsDgHjyCZ/CiPWhP2qv2NmstaPnMPvgj7f0LTWKZig==</latexit>

MU12,13,D12,13,E12,13

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to             variations

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i
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Model 2

‣Minimal number of  degrees of  freedom and 
representations 

‣Diagonal down-quark and charged lepton mass 
matrices 

‣CKM originates from up-sector only (down-aligned)

<latexit sha1_base64="1We7M4J3QmiYp8fHrWqPISmKGSc="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
d
2 0 �1/2 0 (1,2)

H
d
1 �1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)
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Model 2

‣Minimal number of  degrees of  freedom and 
representations 

‣Diagonal down-quark and charged lepton mass 
matrices 

‣CKM originates from up-sector only (down-aligned)

<latexit sha1_base64="1We7M4J3QmiYp8fHrWqPISmKGSc="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
d
2 0 �1/2 0 (1,2)

H
d
1 �1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

<latexit sha1_base64="XXbibef/5tyw9Xg/Q5HQqWagGSo="></latexit>

VdL ƒ I

<latexit sha1_base64="5bjD/DTPTCsf/N8N/VmCDCSOvc0="></latexit>

Yd,e =

0

BB@

cd,e11
�`12

M
H

d
1

�`23

M
H

d
2

0 0

0 cd,e22
�`23

M
H

d
2

0

0 0 cd,e33

1

CCA

<latexit sha1_base64="RbsqscCdBZI6AHEkiIlD06DUBxY="></latexit>

�`23

H
d
3

q2, `2
d
c
2, e

c
2

H
d
2

H̃
d
2

<latexit sha1_base64="/CW6McGRqooOopfr1p66uLKRLYg="></latexit>

Yu =

0

BBBBB@

cu11
e�`12

MU13

e�`23

MU12

cu12
�q12

MU13

e�`23

MU23

cu13
�q12

MU13

�q23

MU23

cu21
e�`12

MU12

�q12

MU13

e�`23

MU23

cu22
e�`23

MU23

cu23
�q23

MU23

0 0 cu33

1

CCCCCA

<latexit sha1_base64="KFuJGkzjnk/K52NNMszii3V4z8U="></latexit>

VCKM ƒ V †
uL
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‣Fixed relation between VEVs is predicted as 
in Model 1:

<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 2 spectrum
Spectrum up to           variations

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="KJK4Y3RjqqtRZUf2MOC4hmizoaM=">AAACI3icbVDNT8IwHO38xPk19eilkZjghWwkokeiF4+YOCCBSbpSoKFrl7YjkoX/xCv+M96MFw/+Jx7sYAcBX9Lk5f2+Xl8YM6q0635ZG5tb2zu7hT17/+Dw6Ng5OW0okUhMfCyYkK0QKcIoJ76mmpFWLAmKQkaa4eg+qzfHRCoq+JOexCSI0IDTPsVIG6nrOJ227ZcqV8/p9dTuBLbddYpu2Z0DrhMvJ0WQo951fjo9gZOIcI0ZUqrtubEOUiQ1xYyYpYkiMcIjNCBtQzmKiArSufMpvDRKD/aFNI9rOFf/TqQoUmoShaYzQnqoVmuZ+G8tFGKkUaiW7qcvi7PLnnT/NkgpjxNNOF5Y6icMagGzwGCPSoI1mxiCsKTmVxAPkURYm1izuLzVcNZJo1L2quXqY6VYu8uDK4BzcAFKwAM3oAYeQB34AIMxeAUz8GbNrHfrw/pctG5Y+cwZWIL1/Qs6qaMl</latexit>

U(2)5

<latexit sha1_base64="3GtG3NP/JJMBOO9grsb8AVKn9/0=">AAACI3icbVDNT8IwHO3wC+fX1KOXRWKCF7JhRI9ELx4xcUACk3Slg4auXdqOSBb+E6/4z3gzXjz4n3iwgx0EfEmTl/f7en1BTIlUjvNlFDY2t7Z3irvm3v7B4ZF1fNKUPBEIe4hTLtoBlJgShj1FFMXtWGAYBRS3gtF9Vm+NsZCEsyc1ibEfwQEjIUFQaalnWd2O6ZWvLp/T66nZ9U2zZ5WcijOHvU7cnJRAjkbP+un2OUoizBSiUMqO68TKT6FQBFGslyYSxxCN4AB3NGUwwtJP586n9oVW+nbIhX5M2XP170QKIyknUaA7I6iGcrWWif/WAs5HCgZy6X76sji77EmFt35KWJwozNDCUphQW3E7C8zuE4GRohNNIBJE/8pGQyggUjrWLC53NZx10qxW3Fql9lgt1e/y4IrgDJyDMnDBDaiDB9AAHkBgDF7BDLwZM+Pd+DA+F60FI585BUswvn8BPGGjJg==</latexit>

U(3)5

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)
<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="9xHnE43t3lRLeRiX/25bH/Nr3AU="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23 , MH
d
2

<latexit sha1_base64="zG7/Lt+9jvabGcW76vFkpPy6JRs="></latexit>

MU12,13 ,MH
d
1

<latexit sha1_base64="ILGizBRWldJzwhGxClGxSw0VyW0="></latexit>

v23 ⇠ h�q23i, h�`23i
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Pheno: Z′ 23
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12
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Pheno: Z′ 23
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

‣Couplings cannot be small (unlike 
horizontal flavour symmetries), 
cannot be decoupled unless gauge 
bosons are very heavy 

<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

<latexit sha1_base64="h7248AYnSYz+VRYmpib5/GYwFoQ="></latexit>

gi � gY ' 0.36 (MZ)

‣Matching conditions connect gauge couplings with 
SM hypercharge coupling:
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Pheno: Z′ 23
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

‣Couplings cannot be small (unlike 
horizontal flavour symmetries), 
cannot be decoupled unless gauge 
bosons are very heavy 

<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

<latexit sha1_base64="h7248AYnSYz+VRYmpib5/GYwFoQ="></latexit>

gi � gY ' 0.36 (MZ)

‣Matching conditions connect gauge couplings with 
SM hypercharge coupling:

‣Matching conditions: large  then smaller  
and viceversa

g3 g12

‣Coupled to all SM fermions

‣Protected by accidental  symmetry (GIM 
on 12 families)

U(2)5

‣For        :
<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="icLY8D4luPYI8m/j11GaPNM9HF0="></latexit>

sin ✓23 =
g12p

g212 + g23

<latexit sha1_base64="mYemygikOkngCEx3a7gZNxkHOF4="></latexit>

LZ0
23

= YfL,R f̄L,R�
µ

0

@
�g12 sin ✓23 0 0

0 �g12 sin ✓23 0
0 0 g3 cos ✓23

1

A fL,RZ
0
23µ
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Pheno: Z′ 23
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

‣Couplings cannot be small (unlike 
horizontal flavour symmetries), 
cannot be decoupled unless gauge 
bosons are very heavy 

<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

<latexit sha1_base64="h7248AYnSYz+VRYmpib5/GYwFoQ="></latexit>

gi � gY ' 0.36 (MZ)

‣Matching conditions connect gauge couplings with 
SM hypercharge coupling:

➡ Unavoidable mixing         
with SM  bosonZ

<latexit sha1_base64="APj2Qx5N3Dtqe8Rx2YU3TTyevYc="></latexit>

sin✓Z�Z0
23

=
g3cos✓23p
g2Y + g2L

 
M0

Z

M0
Z0

23

!2

) ⇢ =
M2

W

M2
Z cos2 ✓W

=
1

1� g23 cos
2 ✓23

✓
vSM

2M0
Z0
23

◆2 > 1 ,

‣Matching conditions: large  then smaller  
and viceversa

g3 g12

‣Coupled to all SM fermions

‣Protected by accidental  symmetry (GIM 
on 12 families)

U(2)5

‣For        :
<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="icLY8D4luPYI8m/j11GaPNM9HF0="></latexit>

sin ✓23 =
g12p

g212 + g23

<latexit sha1_base64="mYemygikOkngCEx3a7gZNxkHOF4="></latexit>

LZ0
23

= YfL,R f̄L,R�
µ

0

@
�g12 sin ✓23 0 0

0 �g12 sin ✓23 0
0 0 g3 cos ✓23

1

A fL,RZ
0
23µ
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Pheno: Z′ 23

‣Model-independent:  

•EW precision 
•High-  dilepton searchespT

Potential for FCC program (ee+hh)

see also Davighi and Stefanek [2305.16280]
2 4 6 8 10

0.5

1.0

1.5

2.0

‣ EFT framework 

‣ Assuming minimal breaking of  , 
flavour observables non-competitive

U(2)5

[MFN, King, 2305.07690] TeV masses 
allowed!

https://arxiv.org/abs/2305.16280
https://arxiv.org/abs/2305.07690
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Pheno: Z′ 23

2 4 6 8 10

0.5

1.0

1.5

2.0

2 4 6 8 10

0.5

1.0

1.5

2.0

‣Non-minimal breaking of   U(2)5 Potential for flavour precision program (including CLFV)

<latexit sha1_base64="bYt81bMwRQksQj1i9kCS1ZZYfM8="></latexit>

µR eL

Z 0
23

E23R E23L

TeV masses 
allowed!

[MFN, King, Vicente, 2404.12442]

‣In Model 2, quark mixing originates from up-sector only Top FCNCs only but poorly bounded (not shown)

https://arxiv.org/abs/2404.12442
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Pheno:  and VL fermionsZ′ 12
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

<latexit sha1_base64="42N0Bb2h0UiGTvLASRWs9w+h2FQ="></latexit>

MZ0
23

⇠ O(10TeV)
<latexit sha1_base64="WtmZfHIcdSf9AlZ9clqL54Xu2hU="></latexit>

MZ0
12

⇠ O(103 TeV)

<latexit sha1_base64="Za5cDAuNPpRXkf8P7t8CMnfdmBo="></latexit>

h�23i/h�12i ⇠ �3 ⇠ 0.01Since model predicts:

‣ Expect heavier         , e.g. :
<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12
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Pheno:  and VL fermionsZ′ 12
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

<latexit sha1_base64="42N0Bb2h0UiGTvLASRWs9w+h2FQ="></latexit>

MZ0
23

⇠ O(10TeV)
<latexit sha1_base64="WtmZfHIcdSf9AlZ9clqL54Xu2hU="></latexit>

MZ0
12

⇠ O(103 TeV)

<latexit sha1_base64="Za5cDAuNPpRXkf8P7t8CMnfdmBo="></latexit>

h�23i/h�12i ⇠ �3 ⇠ 0.01Since model predicts:

‣ Expect heavier         , e.g. :

<latexit sha1_base64="2zxA1kGwKqH6+AuvjZqsyUVZWF4="></latexit>

LZ0
12

= YfL,R f̄L,R�
µ

0

@
�g1 sin ✓12 0 0

0 g2 cos ✓12 0
0 0 0

1

A fL,RZ
0
12µ

<latexit sha1_base64="9lG3v3pkpnY2mtaMlYR4oU5C0GI="></latexit>

sin ✓12 =
g1p

g21 + g22

‣ Coupled non-universally to  first and 
second families

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

Despite expected to be very heavy,                     
can be tested via FCNCs!

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12
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Pheno:  and VL fermionsZ′ 12
<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

<latexit sha1_base64="42N0Bb2h0UiGTvLASRWs9w+h2FQ="></latexit>

MZ0
23

⇠ O(10TeV)
<latexit sha1_base64="WtmZfHIcdSf9AlZ9clqL54Xu2hU="></latexit>

MZ0
12

⇠ O(103 TeV)

<latexit sha1_base64="Za5cDAuNPpRXkf8P7t8CMnfdmBo="></latexit>

h�23i/h�12i ⇠ �3 ⇠ 0.01Since model predicts:

‣ Expect heavier         , e.g. :

<latexit sha1_base64="2zxA1kGwKqH6+AuvjZqsyUVZWF4="></latexit>

LZ0
12

= YfL,R f̄L,R�
µ

0

@
�g1 sin ✓12 0 0

0 g2 cos ✓12 0
0 0 0

1

A fL,RZ
0
12µ

<latexit sha1_base64="9lG3v3pkpnY2mtaMlYR4oU5C0GI="></latexit>

sin ✓12 =
g1p

g21 + g22

‣ Coupled non-universally to  first and 
second families

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

Despite expected to be very heavy,                     
can be tested via FCNCs!

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

‣VL fermions can also mediate significant FCNCs:
<latexit sha1_base64="PdorS+XwmifinIo7YCOM5lUUllo="></latexit>

cL uL

uL cL

H
u
3

U23R

H
u
3

U23R

<latexit sha1_base64="72s5U1v5w98lo2S5ASIJmG8w358="></latexit>

sL dL

dL sL

H
d
3

D23R

H
d
3

D23R

<latexit sha1_base64="n32qGckdrq36oHflE9OPcAG0Mro="></latexit>

D ≠ D
<latexit sha1_base64="yjmbm2Wng2/U742vp/+dNaXbONY="></latexit>

K ≠ K
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Pheno:  and VL fermionsZ′ 12

‣FCNCs involving 1st and 2nd family quarks most competitive, e.g.  and  mixing, also CLFVK − K̄ D − D̄

Potential for flavour precision program (including CLFV)

<latexit sha1_base64="9RGFdG91yrvmqGTfD0AKgHmgtPg="></latexit>

Model Observable Mediator Bound (TeV)

1

K � K̄ (Re) Z 0
12 MZ0

12
/g1 > 340⇥ |Re

h
cd12
cd22

cd21
cd22

i
|

K � K̄ (Im) Z 0
12 MZ0

12
/g1 > 3 · 103 ⇥ |Im

h
cd12
cd22

cd21
cd22

i
|

µ ! e�
Z 0
12 MZ0

12
/g1 > 30⇥ |ce12/ce22|

Z 0
23 MZ0

23
/g3 > 8⇥ |ye62(ye65ye15)⇤|

µ ! 3 e Z 0
12 MZ0

12
/g1 > 30⇥ |ce12/ce22|

2
D � D̄ (Re) Z 0

12 MZ0
12
/g1 > 150⇥ |Re

h
cu12
cu22

cu21
cu22

i
|

D � D̄ (Im) Z 0
12 MZ0

12
/g1 > 500⇥ |Im

h
cu12
cu22

cu21
cu22

i
|

‣FCNCs via  are sensitive to fermion mixing predicted by each model                can discriminate among models Z′ 12

‣Very sensitive to RH quark mixing and complex phases
<latexit sha1_base64="DkUvvCZ14+xde3yJf2bk/is8gWw="></latexit>

Qsd
5 = (s–

Ld—
R)(s—

Rd–
L)
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Pheno:  and VL fermionsZ′ 12

‣FCNCs involving 1st and 2nd family quarks most competitive, e.g.  and  mixing, also CLFVK − K̄ D − D̄

Potential for flavour precision program (including CLFV)

<latexit sha1_base64="9RGFdG91yrvmqGTfD0AKgHmgtPg="></latexit>

Model Observable Mediator Bound (TeV)

1

K � K̄ (Re) Z 0
12 MZ0

12
/g1 > 340⇥ |Re

h
cd12
cd22

cd21
cd22

i
|

K � K̄ (Im) Z 0
12 MZ0

12
/g1 > 3 · 103 ⇥ |Im

h
cd12
cd22

cd21
cd22

i
|

µ ! e�
Z 0
12 MZ0

12
/g1 > 30⇥ |ce12/ce22|

Z 0
23 MZ0

23
/g3 > 8⇥ |ye62(ye65ye15)⇤|

µ ! 3 e Z 0
12 MZ0

12
/g1 > 30⇥ |ce12/ce22|

2
D � D̄ (Re) Z 0

12 MZ0
12
/g1 > 150⇥ |Re

h
cu12
cu22

cu21
cu22

i
|

D � D̄ (Im) Z 0
12 MZ0

12
/g1 > 500⇥ |Im

h
cu12
cu22

cu21
cu22

i
|

<latexit sha1_base64="HyGrQI9JibucTC4pWurDecRwVKQ="></latexit>

Order Observable Bound (TeV)

D � D̄ (Re) MU23 > 2.5⇥ |Re [yu26(yu65yu15)⇤] |
D � D̄ (Im) MU23 > 4⇥ |Im [yu26(y

u
65y

u
15)

⇤]|
Tree-level K � K̄ (Re) MD23 > 0.1⇥ |Re

⇥
y
d
26(y

d
65y

d
15)

⇤⇤ |
(Z-mediated) K � K̄ (Im) MD23 > 0.3⇥ |Im

⇥
y
d
26(y

d
65y

d
15)

⇤⇤ |
µ ! 3 e ME23 > 3⇥ |ye26(ye65ye15)⇤|

D � D̄ (Re) MU23 > 15⇥ |Re [yu26(yu65yu15)⇤] |
1-loop D � D̄ (Im) MU23 > 130⇥ |Im [yu26(y

u
65y

u
15)

⇤]|

(box with H
u,d
3 ) K � K̄ (Re) MD23 > 14⇥ |Re

⇥
y
d
26(y

d
65y

d
15)

⇤⇤ |
K � K̄ (Im) MD23 > 170⇥ |Im

⇥
y
d
26(y

d
65y

d
15)

⇤⇤ |

‣FCNCs via  are sensitive to fermion mixing predicted by each model                can discriminate among models Z′ 12

‣FCNCs also sensitive to VL fermion masses directly!  Instead of  ratios of  the form …⟨ϕ⟩/M

‣Very sensitive to RH quark mixing and complex phases
<latexit sha1_base64="DkUvvCZ14+xde3yJf2bk/is8gWw="></latexit>

Qsd
5 = (s–

Ld—
R)(s—

Rd–
L)
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• Proceeding as in seesaw type I, add (at least 2) RH neutrino singlets:

Neutrino sector in flavour deconstruction

<latexit sha1_base64="TLQJLGfHMkbrgJhhSXY5vdz5p1c=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkrSQ/VY9OKxgm2FJJTNdtMu3WzC7kaopb/EiwdFvPpTvPlv3LQ5aOuDgcd7M8zMizLOlHbdb6uysbm1vVPdtff2Dw5rztFxT6W5JLRLUp7KhwgrypmgXc00pw+ZpDiJOO1Hk5vC7z9SqVgq7vU0o2GCR4LFjGBtpIFTC3w7oJliPBV2ENoDp+423AXQOvFKUocSnYHzFQxTkidUaMKxUr7nZjqcYakZ4XRuB7miGSYTPKK+oQInVIWzxeFzdG6UIYpTaUpotFB/T8xwotQ0iUxngvVYrXqF+J/n5zq+CmdMZLmmgiwXxTlHOkVFCmjIJCWaTw3BRDJzKyJjLDHRJqsiBG/15XXSaza8VqN116y3r8s4qnAKZ3ABHlxCG26hA10gkMMzvMKb9WS9WO/Wx7K1YpUzJ/AH1ucPPl6SLg==</latexit>✏ <latexit sha1_base64="Eqczbs5mzW+W6T2l7lQJ6MMRFIM="></latexit>

MR =

Q

a
‹c

1 ‹c
2

‹c
1 M11 M12

‹c
2 M12 M22

R

b

<latexit sha1_base64="cgdNKyMFjuYqpRPk1+eJwHxhS+M="></latexit>

mD =

Q

cca

‹
c
1 ‹

c
2

¸1 ‘
2

‘
2

¸2 ‘ ‘

¸3 1 1

R

ddb H
u
3

<latexit sha1_base64="W1EF5TjbH5eCTeAK4kvB8aviTp0="></latexit>

L = c3i¸3H
u
3 ‹

c
i + c2i

„¸23
� ¸2H

u
3 ‹

c
i + ... + Mij‹

c
i ‹

c
j
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• Proceeding as in seesaw type I, add (at least 2) RH neutrino singlets:

Neutrino sector in flavour deconstruction

• Problematic to explain large (anarchic?) neutrino mixing. Two ways forward:

<latexit sha1_base64="TLQJLGfHMkbrgJhhSXY5vdz5p1c=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkrSQ/VY9OKxgm2FJJTNdtMu3WzC7kaopb/EiwdFvPpTvPlv3LQ5aOuDgcd7M8zMizLOlHbdb6uysbm1vVPdtff2Dw5rztFxT6W5JLRLUp7KhwgrypmgXc00pw+ZpDiJOO1Hk5vC7z9SqVgq7vU0o2GCR4LFjGBtpIFTC3w7oJliPBV2ENoDp+423AXQOvFKUocSnYHzFQxTkidUaMKxUr7nZjqcYakZ4XRuB7miGSYTPKK+oQInVIWzxeFzdG6UIYpTaUpotFB/T8xwotQ0iUxngvVYrXqF+J/n5zq+CmdMZLmmgiwXxTlHOkVFCmjIJCWaTw3BRDJzKyJjLDHRJqsiBG/15XXSaza8VqN116y3r8s4qnAKZ3ABHlxCG26hA10gkMMzvMKb9WS9WO/Wx7K1YpUzJ/AH1ucPPl6SLg==</latexit>✏

1.               Go beyond EFT             Work in complete modelϵ ∼ 𝒪(1) [MFN, King, 23'; MFN, King, Vicente, 24']
and more…

<latexit sha1_base64="Eqczbs5mzW+W6T2l7lQJ6MMRFIM="></latexit>

MR =

Q

a
‹c

1 ‹c
2

‹c
1 M11 M12

‹c
2 M12 M22

R

b

<latexit sha1_base64="cgdNKyMFjuYqpRPk1+eJwHxhS+M="></latexit>

mD =

Q

cca

‹
c
1 ‹

c
2

¸1 ‘
2

‘
2

¸2 ‘ ‘

¸3 1 1

R

ddb H
u
3

<latexit sha1_base64="W1EF5TjbH5eCTeAK4kvB8aviTp0="></latexit>

L = c3i¸3H
u
3 ‹

c
i + c2i

„¸23
� ¸2H

u
3 ‹

c
i + ... + Mij‹

c
i ‹
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• Proceeding as in seesaw type I, add (at least 2) RH neutrino singlets:

Neutrino sector in flavour deconstruction

• Problematic to explain large (anarchic?) neutrino mixing. Two ways forward:

<latexit sha1_base64="TLQJLGfHMkbrgJhhSXY5vdz5p1c=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkrSQ/VY9OKxgm2FJJTNdtMu3WzC7kaopb/EiwdFvPpTvPlv3LQ5aOuDgcd7M8zMizLOlHbdb6uysbm1vVPdtff2Dw5rztFxT6W5JLRLUp7KhwgrypmgXc00pw+ZpDiJOO1Hk5vC7z9SqVgq7vU0o2GCR4LFjGBtpIFTC3w7oJliPBV2ENoDp+423AXQOvFKUocSnYHzFQxTkidUaMKxUr7nZjqcYakZ4XRuB7miGSYTPKK+oQInVIWzxeFzdG6UIYpTaUpotFB/T8xwotQ0iUxngvVYrXqF+J/n5zq+CmdMZLmmgiwXxTlHOkVFCmjIJCWaTw3BRDJzKyJjLDHRJqsiBG/15XXSaza8VqN116y3r8s4qnAKZ3ABHlxCG26hA10gkMMzvMKb9WS9WO/Wx7K1YpUzJ/AH1ucPPl6SLg==</latexit>✏

1.               Go beyond EFT             Work in complete modelϵ ∼ 𝒪(1)

2.  Introduce hierarchies in  to cancel those in . MR mD

[MFN, King, 23'; MFN, King, Vicente, 24']
and more…

[Greljo and Isidori, 2406.01696]

<latexit sha1_base64="m4U801aXtcBfq6gc8I9+oFP48+g="></latexit>

mD =

Q

a
‘2 > ‘ > 1

> ‘2 ‘ > 1
> ‘2 > ‘ 1

R

b

<latexit sha1_base64="LV5lC++0pk2Vy3SG7QIZ6v9EkRM="></latexit>

MR =

Q

a
‘4 ‘3 ‘2

‘3 ‘2 ‘
‘2 ‘ 1

R

b

•  

•  

•  

• Need to impose conditions over various ’s, but 
can be achieved in complete models 

• All scales very high or consider inverse seesaw

SU(3)2 × SU(2)L × U(1)3
R × U(1)B−L

SU(3) × SU(2)3
L × U(1)R × U(1)3

B−L

SU(3) × SU(2)3
L × U(1)3

R × U(1)3
B−L

ϵ
<latexit sha1_base64="o4oZ74S8TBVSFmb7in4drWGM85w="></latexit>‘L = ‘R = ‘¸ © ‘

<latexit sha1_base64="Eqczbs5mzW+W6T2l7lQJ6MMRFIM="></latexit>

MR =

Q

a
‹c

1 ‹c
2

‹c
1 M11 M12

‹c
2 M12 M22

R

b

[see also Greljo and Stefanek  1802.04274, 
 Fuentes-Martín et al 2012.10492]

<latexit sha1_base64="cgdNKyMFjuYqpRPk1+eJwHxhS+M="></latexit>
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‹
c
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c
2

¸1 ‘
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2

¸2 ‘ ‘

¸3 1 1

R

ddb H
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3

<latexit sha1_base64="W1EF5TjbH5eCTeAK4kvB8aviTp0="></latexit>
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• Generate  in complete model: e.g. add messenger neutrinos, similar in spirit to VL fermions of  charged sectors:ϵ ∼ 𝒪(1)

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Neutrino sector in tri-hypercharge

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>

H
u
3 �`23 H

u
3

`2
N23 N23 ⌫

c
i ⌫

c
i `3

<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>
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• Generate  in complete model: e.g. add messenger neutrinos, similar in spirit to VL fermions of  charged sectors:ϵ ∼ 𝒪(1)

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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D Seesaw mechanism!
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⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Neutrino sector in tri-hypercharge
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• Generate  in complete model: e.g. add messenger neutrinos, similar in spirit to VL fermions of  charged sectors:ϵ ∼ 𝒪(1)

✓   

✓No need of  small couplings nor              
being very heavy 

✓No need of  adding extra scalars 

✓                                             , potential pheno

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="HLbqObWdIFKs5Wh+wtKp7uSdRI4=">AAACHnicbVDLSsNAFJ3UV42vqDvdDBbBhZQkQhXcFN24rGAfkIQwmU7aoZMHM5NiCQU/xZVb/Qp34lY/wn9w0lbQ1gMXDufcO3PvCVJGhTTNT620tLyyulZe1zc2t7Z3jN29lkgyjkkTJyzhnQAJwmhMmpJKRjopJygKGGkHg+vCbw8JFzSJ7+QoJV6EejENKUZSSb5x4Dr60M8te3zqXipin41119ML+EbFrJoTwEVizUgFzNDwjS+3m+AsIrHEDAnhWGYqvRxxSTEj6t1MkBThAeoRR9EYRUR4+eSGMTxWSheGCVcVSzhRf0/kKBJiFAWqM0KyL+a9QvzXu//5YMFyMhleeDmN00ySGE93CDMGZQKLrGCXcoIlGymCMKfqDIj7iCMsVaJFPtZ8GoukZVetWrV2a1fqV7OkyuAQHIETYIFzUAc3oAGaAIMH8ASewYv2qL1qb9r7tLWkzWb2wR9oH9/SkZ+l</latexit>v12, v23
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MN23 ⇡ v23 & O(10TeV)
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Outline

1. Introduction: Flavour in the SM (and beyond) 

2. Flavour deconstruction: generics 

3. Flavour deconstruction: from the electroweak scale 

4. Flavour deconstruction: to the GUT scale
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• Simple models/Bottom-up:

Going up

[This talk]

[Li and Ma, PRL 81’; Muller and Nandi, hep-ph/9602390; Davighi et al 2312.13346; 
Capdevila et al, 2401.00848 …..]

[Carone and Murayama, hep-ph/9504393]
<latexit sha1_base64="nlbxdpykrznSEiSvzDHbB9SwhFA="></latexit>

SU(3)c,1 ⇥ SU(3)c,2 ⇥ SU(3)c,3 ⇥ SU(2)L ⇥ U(1)Y

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

[Barbieri and Isidori, 2312.14004]
<latexit sha1_base64="GvJe1uyQUW475JoARJrB+mmp1Dc="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)R1 ⇥ U(1)R2 ⇥ U(1)(B�L)12 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

• Successful models but no apparent reason for deconstruction to be low scale:

<latexit sha1_base64="0IPVRGgErYbHw6+BXTAcGXCd03s="></latexit>

‘ = È„Í
�

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/hep-ph/9602390
https://arxiv.org/abs/2312.13346
https://arxiv.org/abs/2401.00848
https://arxiv.org/abs/hep-ph/9504393
https://arxiv.org/abs/2312.14004
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• Simple models/Bottom-up:

Going up

[This talk]

[Li and Ma, PRL 81’; Muller and Nandi, hep-ph/9602390; Davighi et al 2312.13346; 
Capdevila et al, 2401.00848 …..]

[Carone and Murayama, hep-ph/9504393]
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SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

[Barbieri and Isidori, 2312.14004]
<latexit sha1_base64="GvJe1uyQUW475JoARJrB+mmp1Dc="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)R1 ⇥ U(1)R2 ⇥ U(1)(B�L)12 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

‣ -anomalies: combine colour and partial B-L/R deconstruction              4321!B
<latexit sha1_base64="/RouuIk21NrGYwd31YHKZYl6Yks="></latexit>

SU(4)c,3 ⇥ SU(3)c,12 ⇥ SU(2)L ⇥ U(1)Y1+Y2+R3

<latexit sha1_base64="SWcIbLjZ9PURKej2ncq4BhgHAYI=">AAACU3icbVHLTsJAFB0qKtZX1aWbRmLiirSYoEuiG5cY5ZHQhkyHASZMO83MrZE0/I5f4xYTv0UXTqELC9xkkpNzH+feM0HMmQLH+S4ZO+Xdvf3KgXl4dHxyap2dd5RIJKFtIriQvQAryllE28CA014sKQ4DTrvB9DHLd9+oVExErzCLqR/iccRGjGDQ1MBqen3TCzFMZJi2XuaD1J17wEKqCmR9G3k7Nz3fHFhVp+Ysw94Ebg6qKI/WwPr1hoIkIY2AcKxU33Vi8FMsgRFO9cxE0RiTKR7TvoYR1rp+urx0bl9rZmiPhNQvAnvJ/u9IcajULAx0ZbaqWs9l5NZcIMQUcKAK+un7Sra4E4zu/ZRFcQI0IquVRgm3QdiZwfaQSUqAzzTARDJ9lU0mWGIC+hsyu9x1czZBp15zG7XGc73afMiNq6BLdIVukIvuUBM9oRZqI4I+0CdaoK/SovRjGEZ5VWqU8p4LVAjj+A+o5ray</latexit>

PS1 ⇥ PS2 ⇥ PS3

[Bordone et al, 1712.01368; 

Greljo and Stefanek, 1802.04274;

Cornella et al, 1903.11517; 

Fuentes-Martín et al, 2006.16250 …]

• Successful models but no apparent reason for deconstruction to be low scale:

<latexit sha1_base64="0IPVRGgErYbHw6+BXTAcGXCd03s="></latexit>

‘ = È„Í
�

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/hep-ph/9602390
https://arxiv.org/abs/2312.13346
https://arxiv.org/abs/2401.00848
https://arxiv.org/abs/hep-ph/9504393
https://arxiv.org/abs/2312.14004
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2006.16250
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• Simple models/Bottom-up:

Going up

[This talk]

[Li and Ma, PRL 81’; Muller and Nandi, hep-ph/9602390; Davighi et al 2312.13346; 
Capdevila et al, 2401.00848 …..]

[Carone and Murayama, hep-ph/9504393]
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SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

[Barbieri and Isidori, 2312.14004]
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SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

‣ -anomalies: combine colour and partial B-L/R deconstruction              4321!B
<latexit sha1_base64="/RouuIk21NrGYwd31YHKZYl6Yks="></latexit>

SU(4)c,3 ⇥ SU(3)c,12 ⇥ SU(2)L ⇥ U(1)Y1+Y2+R3

<latexit sha1_base64="SWcIbLjZ9PURKej2ncq4BhgHAYI=">AAACU3icbVHLTsJAFB0qKtZX1aWbRmLiirSYoEuiG5cY5ZHQhkyHASZMO83MrZE0/I5f4xYTv0UXTqELC9xkkpNzH+feM0HMmQLH+S4ZO+Xdvf3KgXl4dHxyap2dd5RIJKFtIriQvQAryllE28CA014sKQ4DTrvB9DHLd9+oVExErzCLqR/iccRGjGDQ1MBqen3TCzFMZJi2XuaD1J17wEKqCmR9G3k7Nz3fHFhVp+Ysw94Ebg6qKI/WwPr1hoIkIY2AcKxU33Vi8FMsgRFO9cxE0RiTKR7TvoYR1rp+urx0bl9rZmiPhNQvAnvJ/u9IcajULAx0ZbaqWs9l5NZcIMQUcKAK+un7Sra4E4zu/ZRFcQI0IquVRgm3QdiZwfaQSUqAzzTARDJ9lU0mWGIC+hsyu9x1czZBp15zG7XGc73afMiNq6BLdIVukIvuUBM9oRZqI4I+0CdaoK/SovRjGEZ5VWqU8p4LVAjj+A+o5ray</latexit>

PS1 ⇥ PS2 ⇥ PS3

[Bordone et al, 1712.01368; 

Greljo and Stefanek, 1802.04274;

Cornella et al, 1903.11517; 

Fuentes-Martín et al, 2006.16250 …]

‣ Naturalness: SUSY/Composite Higgs [Craig et al 1103.3708, Fuentes-Martín and Stangl 2004.11376, Fuentes-Martín et al, 2203.01952, 
Davighi et al 2407.10950]

‣ Naturalness: Identify parameter space of  23-layers where corrections to Higgs mass are minimal:
[Allwicher et al 2011.01946, Davighi and Stefanek 2305.16280, Davighi et al 2312.13346]

• Successful models but no apparent reason for deconstruction to be low scale:

<latexit sha1_base64="0IPVRGgErYbHw6+BXTAcGXCd03s="></latexit>

‘ = È„Í
�

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/hep-ph/9602390
https://arxiv.org/abs/2312.13346
https://arxiv.org/abs/2401.00848
https://arxiv.org/abs/hep-ph/9504393
https://arxiv.org/abs/2312.14004
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2006.16250
https://arxiv.org/abs/1103.3708
https://arxiv.org/abs/2004.11376
https://arxiv.org/abs/2203.01952
https://arxiv.org/abs/2407.10950
https://arxiv.org/abs/2011.01946
https://arxiv.org/abs/2305.16280
https://arxiv.org/abs/2312.13346
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• Simple models/Bottom-up:
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[This talk]

[Li and Ma, PRL 81’; Muller and Nandi, hep-ph/9602390; Davighi et al 2312.13346; 
Capdevila et al, 2401.00848 …..]

[Carone and Murayama, hep-ph/9504393]
<latexit sha1_base64="nlbxdpykrznSEiSvzDHbB9SwhFA="></latexit>

SU(3)c,1 ⇥ SU(3)c,2 ⇥ SU(3)c,3 ⇥ SU(2)L ⇥ U(1)Y

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

[Barbieri and Isidori, 2312.14004]
<latexit sha1_base64="GvJe1uyQUW475JoARJrB+mmp1Dc="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)R1 ⇥ U(1)R2 ⇥ U(1)(B�L)12 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

‣ -anomalies: combine colour and partial B-L/R deconstruction              4321!B
<latexit sha1_base64="/RouuIk21NrGYwd31YHKZYl6Yks="></latexit>

SU(4)c,3 ⇥ SU(3)c,12 ⇥ SU(2)L ⇥ U(1)Y1+Y2+R3

<latexit sha1_base64="SWcIbLjZ9PURKej2ncq4BhgHAYI=">AAACU3icbVHLTsJAFB0qKtZX1aWbRmLiirSYoEuiG5cY5ZHQhkyHASZMO83MrZE0/I5f4xYTv0UXTqELC9xkkpNzH+feM0HMmQLH+S4ZO+Xdvf3KgXl4dHxyap2dd5RIJKFtIriQvQAryllE28CA014sKQ4DTrvB9DHLd9+oVExErzCLqR/iccRGjGDQ1MBqen3TCzFMZJi2XuaD1J17wEKqCmR9G3k7Nz3fHFhVp+Ysw94Ebg6qKI/WwPr1hoIkIY2AcKxU33Vi8FMsgRFO9cxE0RiTKR7TvoYR1rp+urx0bl9rZmiPhNQvAnvJ/u9IcajULAx0ZbaqWs9l5NZcIMQUcKAK+un7Sra4E4zu/ZRFcQI0IquVRgm3QdiZwfaQSUqAzzTARDJ9lU0mWGIC+hsyu9x1czZBp15zG7XGc73afMiNq6BLdIVukIvuUBM9oRZqI4I+0CdaoK/SovRjGEZ5VWqU8p4LVAjj+A+o5ray</latexit>

PS1 ⇥ PS2 ⇥ PS3

[Bordone et al, 1712.01368; 

Greljo and Stefanek, 1802.04274;

Cornella et al, 1903.11517; 

Fuentes-Martín et al, 2006.16250 …]

‣ Naturalness: SUSY/Composite Higgs [Craig et al 1103.3708, Fuentes-Martín and Stangl 2004.11376, Fuentes-Martín et al, 2203.01952, 
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• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings:  
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• “Deconstructed” theories seem to preserve an approximate      (cyclic permutation symmetry) relating the 
three sites (i.e. approx. same matter content under the three sites): 

‣E.g.                                                        ,                                                , 

• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings:  
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 with       permuting the three           , contains a single gauge coupling in the UV.
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✓ Tri-unification may be the origin of  low energy flavour deconstructed models.
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• Note that the model must have the same matter under each  (to preserve ).SU(5) ℤ3
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• Note that the model must have the same matter under each  (to preserve ).SU(5) ℤ3

• General embedding of  bottom-up deconstruction: broken via large adjoint or bi-adjoints
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• For tri-hypercharge, need of  deconstructing  and  as well for embedding in              
This suggests a possible  intermediate scale, i.e. two options:

SU(2) SU(3) SU(5)3

SM3
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Minimal breaking chain
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Tri-hypercharge layer

‣ -doublets VL quarks and heavy Higgs 
generate flavour structure AND help with 

 RGE for gauge coupling unification 

‣Same matter under each hypercharge! 
‣Minimal breaking of   at 23-scales
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<latexit sha1_base64="XM4mLexHSqJRTqCVS45q5ggvGF4="></latexit>

Ye =

0

BBBB@

ce11
�`13

M
H

d
1

0 0

0 ce22
�`23

M
H

d
2

0

0 0 y⌧

1

CCCCA

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="qtkNY1ZjGc7FF82mGZku1DzFaYw="></latexit>

Yu = Yd(d æ u)

Safe for pheno

Less minimal, more symmetric
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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No intermediate  scale:SM3

<latexit sha1_base64="/K1KtcPt9PRxQSEFacQtm/iryks="></latexit>

SU(5)3
MGUT�! SU(3)c ⇥ SU(2)L ⇥ U(1)3Y

<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeV

GUT scale in minimal example:

<latexit sha1_base64="EbvsfHUsBick9kv2bukHLEDXJhg="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(MGUT)

Gauge coupling unification: Example 2

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y
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How low can can we deconstruct             and              ?

<latexit sha1_base64="Lx4widZ3pP3Hlq9Kn+dyticViW8="></latexit>

vSM3 = 5⇥ 1015 GeV

<latexit sha1_base64="46fisffMSrfctUpfnAg8TAB5Ycw="></latexit>

MGUT ' 1.8⇥ 1016 GeV

proton decay!

<latexit sha1_base64="Z24XvmtuihE5JnLdO7ctrVKIxrM=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkpSobosunFZ0bSFNITJdNIOnUzCzEQsoX6KK7f6Fe7EreBH+A9O2hS09cCFwzn3ztx7goQSIS3rS1taXlldWy9t6Jtb2zu7xt5+S8QpR9hBMY15J4ACU8KwI4mkuJNwDKOA4nYwvMr99j3mgsTsTo4S7EWwz0hIEJRK8o3DrqvfOpWzUz9DY73r6TP4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1dipwAtEQ9rGrKIMRFl42uWBsniilZ4YxV8WkOVF/T2QwEmIUBaozgnIg5r1c/Nd7mH2wYLmpDC+8jLAklZih6Q5hSk0Zm3lSZo9wjCQdKQIRJ+oMEw0gh0iqPPN87Pk0FkmrVrXr1fpNrdy4LJIqgSNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2ifPwYMnXo=</latexit>

SU(3)c
<latexit sha1_base64="P8AplaPBM6nxNBRibiXaJyGvatA=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkrSRXVZdOPCRUXTFtIQJtNJO3QyCTMTsYT6Ka7c6le4E7eCH+E/OGlT0NYDFw7n3Dtz7wkSSoS0rC9taXlldW29tKFvbm3v7Bp7+y0RpxxhB8U05p0ACkwJw44kkuJOwjGMAorbwfAy99v3mAsSszs5SrAXwT4jIUFQKsk3DruufutUaqd+dj3Wu54+g2+Urao1gblI7IKUQYGmb3x3ezFKI8wkolAI17YS6WWQS4IoVm+nAicQDWEfu4oyGGHhZZMLxuaJUnpmGHNVTJoT9fdEBiMhRlGgOiMoB2Ley8V/vYfZBwuWm8rw3MsIS1KJGZruEKbUlLGZJ2X2CMdI0pEiEHGizjDRAHKIpMozz8eeT2ORtGpVu16t39TKjYsiqRI4AsegAmxwBhrgCjSBAxB4BM/gBbxqT9qb9q59TFuXtGLmAPyB9vkD3dmdYg==</latexit>

SU(2)L

Gauge coupling unification: Example 3

<latexit sha1_base64="l1gIbrCjgRn7uBDAl6AMxuM2LSY="></latexit>

SU(5)3 MGUT≠æ SM1 ◊ SM2 ◊ SM3
vSM3≠æ SU(3)c ◊ SU(2)L ◊ U(1)3

Y

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

Intermediate scale
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• Gauge leptoquarks of              mediate proton decay. 

• Proton lifetime depends on             which depends as 
well on          (scale at which             and              are 
deconstructed).  

•                                 saturates current proton decay 
bounds, while                                   saturates the 
projected sensitivity.

Super-Kamiokande 90% CL
Hyper-Kamiokande 90% CL

<latexit sha1_base64="z8eF3TQ+A+GSLOfCvkw6LEmMppQ=">AAACHXicbVDLSsNAFJ34rPEVdSVuBotQNyWpWF0W3bisaNpCGstkOmmHTh7MTMQSip/iyq1+hTtxK36E/+CkjaKtBy4czrl35t7jxYwKaZof2tz8wuLScmFFX11b39g0trYbIko4JjaOWMRbHhKE0ZDYkkpGWjEnKPAYaXqD88xv3hIuaBRey2FM3AD1QupTjKSSOsZu29Gv7NLx4U16NNLbrv6DjlE0y+YYcJZYOSmCHPWO8dnuRjgJSCgxQ0I4lhlLN0VcUsyIejwRJEZ4gHrEUTREARFuOj5hBA+U0oV+xFWFEo7V3xMpCoQYBp7qDJDsi2kvE//17r4/mLGcRPqnbkrDOJEkxJMd/IRBGcEsKtilnGDJhoogzKk6A+I+4ghLFWiWjzWdxixpVMpWtVy9rBRrZ3lSBbAH9kEJWOAE1MAFqAMbYHAPHsETeNYetBftVXubtM5p+cwO+APt/Qvxhp1f</latexit>

SU(5)3

<latexit sha1_base64="bvDkmc1K39k5NIh3R/3O/GnvqPM=">AAACJXicbVDLSsNAFJ3UV42vqEs3o0VwVZIuqsuiC90IFZq2kIYwmU7aoZMHMxOxhK79FFdu9SvcieDKL/AfnLQRtfXAwOGce+/ce/yEUSFN810rLS2vrK6V1/WNza3tHWN3ry3ilGNi45jFvOsjQRiNiC2pZKSbcIJCn5GOP7rI/c4t4YLGUUuOE+KGaBDRgGIkleQZhz1Hv/ayXojkkIfZpd2aTPSeq//AMypm1ZwCLhKrIBVQoOkZn71+jNOQRBIzJIRjmYl0M8QlxYyo6akgCcIjNCCOohEKiXCz6SkTeKyUPgxirl4k4VT93ZGhUIhx6KvKfGUx7+Xiv97d9wcLlpPK4MzNaJSkkkR4tkOQMihjmEcG+5QTLNlYEYQ5VWdAPEQcYamCzfOx5tNYJO1a1apX6ze1SuO8SKoMDsAROAEWOAUNcAWawAYY3INH8ASetQftRXvV3malJa3o2Qd/oH18AZsNoXM=</latexit>

MGUT
<latexit sha1_base64="9k5qf1YI17+KV3x3wFDaM4xGQkY=">AAACKXicbVDLSsNAFJ3UV42vqEs3wVJwVZIK1WXRjRuhon1AEsNkOmmHTh7MTIol5Av8FFdu9SvcqVvX/oOTNkJtPTBwOOfeO/ceL6aEC8P4UEorq2vrG+VNdWt7Z3dP2z/o8ChhCLdRRCPW8yDHlIS4LYiguBczDAOP4q43usz97hgzTqLwTkxi7ARwEBKfICik5GpV21LHbmoHUAxZkN5eZ/fpaZaptqPOwdUqRs2YQl8mZkEqoEDL1b7tfoSSAIcCUci5ZRqxcFLIBEEUy/EJxzFEIzjAlqQhDDB30uk5mV6VSl/3IyZfKPSpOt+RwoDzSeDJynxtvujl4r/ew+8HS5aVCP/cSUkYJwKHaLaDn1BdRHoem94nDCNBJ5JAxIg8Q0dDyCASMtw8H3MxjWXSqdfMRq1xU680L4qkyuAIHIMTYIIz0ARXoAXaAIFH8AxewKvypLwp78rnrLSkFD2H4A+Urx+1vaMH</latexit>vSM3

<latexit sha1_base64="IJIWK34jvCb08QiYR487Jvvg7hY=">AAACIHicbVDLSsNAFJ34rPEVdamLYBHqpiQVqsuiG5cVTVtIQ5hMJ+3QySTMTMQSuvFTXLnVr3AnLvUf/AcnbYTaeuDC4Zx7Z+49QUKJkJb1qS0tr6yurZc29M2t7Z1dY2+/JeKUI+ygmMa8E0CBKWHYkURS3Ek4hlFAcTsYXuV++x5zQWJ2J0cJ9iLYZyQkCEol+cZR19VvncrZqZ+hsd719Fn4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1fipwAtEQ9rGrKIMRFl42uWJsniilZ4YxV8WkOVFnJzIYCTGKAtUZQTkQ814u/us9/H6wYLmpDC+8jLAklZih6Q5hSk0Zm3laZo9wjCQdKQIRJ+oMEw0gh0iqTPN87Pk0FkmrVrXr1fpNrdy4LJIqgUNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2hfP+9snco=</latexit>

SU(3)c
<latexit sha1_base64="fzdNi/5U/fyQIjSL/9mUcbTTfho=">AAACIHicbVC7TsMwFHV4lvAKMMIQUSGVpUo6FMYKFgaGIkhbKY0ix3Vaq44T2Q6iirrwKUys8BVsiBH+gX/AaYNUWo50paNz7rXvPUFCiZCW9aktLa+srq2XNvTNre2dXWNvvyXilCPsoJjGvBNAgSlh2JFEUtxJOIZRQHE7GF7mfvsec0FididHCfYi2GckJAhKJfnGUdfVb51K7dTPrsd619Nn4Rtlq2pNYC4SuyBlUKDpG9/dXozSCDOJKBTCta1EehnkkiCK1fupwAlEQ9jHrqIMRlh42eSKsXmilJ4ZxlwVk+ZEnZ3IYCTEKApUZwTlQMx7ufiv9/D7wYLlpjI89zLCklRihqY7hCk1ZWzmaZk9wjGSdKQIRJyoM0w0gBwiqTLN87Hn01gkrVrVrlfrN7Vy46JIqgQOwTGoABucgQa4Ak3gAAQewTN4Aa/ak/amvWsf09YlrZg5AH+gff0Axuidsg==</latexit>

SU(2)L

<latexit sha1_base64="fys+nIfeO2BHoJE/OFxHbjIbI+I="></latexit>

vSM3  3⇥ 1015 GeV
<latexit sha1_base64="r6mIivZ8+N4Z3rc2M/ZK09sq+Os="></latexit>

vSM3  6⇥ 1015 GeV

Proton decay
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‣ Why three families? This now becomes a question about gauge symmetry. 😑
<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Take home messages
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‣ Why three families? This now becomes a question about gauge symmetry. 😑

‣ Flavour hierarchies understood via dynamical mechanism? 3rd family masses allowed at renormalisable level, 
the others (and quark mixing) arise from higher dimensional operators when breaking an extended gauge 
symmetry. 😃 Achieving PMNS mixing can be tricky 😑
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‣ Flavour hierarchies understood via dynamical mechanism? 3rd family masses allowed at renormalisable level, 
the others (and quark mixing) arise from higher dimensional operators when breaking an extended gauge 
symmetry. 😃 Achieving PMNS mixing can be tricky 😑

‣ SM flavour parameters calculable (at least in terms of   parameters)?                                                                     
Yes but models contain many of  them (and NP scales). 😑  May arise from GUT frameworks. 😃

𝒪(1)

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3
Same matter 
under each !SU(5)

Take home messages
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‣ Why three families? This now becomes a question about gauge symmetry. 😑

‣ Flavour hierarchies understood via dynamical mechanism? 3rd family masses allowed at renormalisable level, 
the others (and quark mixing) arise from higher dimensional operators when breaking an extended gauge 
symmetry. 😃 Achieving PMNS mixing can be tricky 😑

‣ SM flavour parameters calculable (at least in terms of   parameters)?                                                                     
Yes but models contain many of  them (and NP scales). 😑  May arise from GUT frameworks. 😃

𝒪(1)
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under each !SU(5)

Take home messages

‣ Testable? Translates SM flavour structure into simple (perhaps correlated) NP scales that carry meaningful 
pheno. The lowest scale may be close to TeV. 😃

➡ Collider (LHC, FCC) physics, EWPOs, flavour physics and perhaps more. Couplings are large, but 
no clear reason for the scales to be low (perhaps hierarchy problem, anomalies?)
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‣ Why three families? This now becomes a question about gauge symmetry. 😑

‣ Flavour hierarchies understood via dynamical mechanism? 3rd family masses allowed at renormalisable level, 
the others (and quark mixing) arise from higher dimensional operators when breaking an extended gauge 
symmetry. 😃 Achieving PMNS mixing can be tricky 😑

‣ SM flavour parameters calculable (at least in terms of   parameters)?                                                                     
Yes but models contain many of  them (and NP scales). 😑  May arise from GUT frameworks. 😃

𝒪(1)

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3

Thank you!

Same matter 
under each !SU(5)

Take home messages

‣ Testable? Translates SM flavour structure into simple (perhaps correlated) NP scales that carry meaningful 
pheno. The lowest scale may be close to TeV. 😃

➡ Collider (LHC, FCC) physics, EWPOs, flavour physics and perhaps more. Couplings are large, but 
no clear reason for the scales to be low (perhaps hierarchy problem, anomalies?)
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Backup: CKM alignment

• Notice that all mixing matrices may become physical in extensions of  the SM, including EFTs and 
SMEFT scenarios, consider the example:

<latexit sha1_base64="Snks41ETgN9Ylul82os1CRC0l7c="></latexit>

L � Cu(uL3�µuL3)(uL3�
µuL3)

<latexit sha1_base64="xK/RvgjBdWIb/MPsD7C/jWOaNos="></latexit>

uL3 = (V †
uL

)13ûL1 + (V †
uL

)23ûL2 + (V †
uL

)33ûL3

<latexit sha1_base64="KxL3Uo0GSI6+A3UOD8+lFTP5kzI="></latexit>

VdLy
dV †

dR
= diag(yd, ys, yb)

<latexit sha1_base64="lnl3Hj6vMtBOmtsAfoyLTTryKEQ="></latexit>

VeLy
eV †

eR = diag(ye, yµ, y⌧ )
<latexit sha1_base64="KKbR6RG5q/9z5g2ZskIwmQG06yM="></latexit>

VuLy
uV †

uR
= diag(yu, yc, yt)
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Backup: CKM alignment
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<latexit sha1_base64="Snks41ETgN9Ylul82os1CRC0l7c="></latexit>

L � Cu(uL3�µuL3)(uL3�
µuL3)

<latexit sha1_base64="xK/RvgjBdWIb/MPsD7C/jWOaNos="></latexit>
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)13ûL1 + (V †
uL

)23ûL2 + (V †
uL

)33ûL3

Off-diagonal operators FCNCs!
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Backup: CKM alignment

• Notice that all mixing matrices may become physical in extensions of  the SM, including EFTs and 
SMEFT scenarios, consider the example:
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L � Cu(uL3�µuL3)(uL3�
µuL3)

<latexit sha1_base64="xK/RvgjBdWIb/MPsD7C/jWOaNos="></latexit>

uL3 = (V †
uL

)13ûL1 + (V †
uL

)23ûL2 + (V †
uL

)33ûL3

Off-diagonal operators FCNCs!

<latexit sha1_base64="KxL3Uo0GSI6+A3UOD8+lFTP5kzI="></latexit>

VdLy
dV †

dR
= diag(yd, ys, yb)

<latexit sha1_base64="lnl3Hj6vMtBOmtsAfoyLTTryKEQ="></latexit>

VeLy
eV †

eR = diag(ye, yµ, y⌧ )
<latexit sha1_base64="KKbR6RG5q/9z5g2ZskIwmQG06yM="></latexit>

VuLy
uV †

uR
= diag(yu, yc, yt)

• All mixing matrices may be predicted in theories of  flavour.

‣ Up-aligned (CKM originates from down sector) 

• It is common to make assumptions about the mixing matrices for pheno studies:

‣ Down-aligned (CKM originates from up sector) 

<latexit sha1_base64="h698H10QuXmWlwl2BFO1f0oSvO8="></latexit>

VCKM = V †
uL

VdL

<latexit sha1_base64="9UQbXC8KQgUqq2lBwSOR79liS8M="></latexit>

VCKM ⇡ V †
uL

, VdL ⇡ I

<latexit sha1_base64="Hqh8PTt8dB/XMTH/88PTrT+z0eA="></latexit>

VCKM ⇡ VdL , V †
uL

⇡ I
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Backup: U(2)5

• Due to having three replicated families, the SM enjoys an accidental flavour symmetry:
<latexit sha1_base64="M5F2vWb7RCsjTrX9QNOqUva4zr8="></latexit>

U(3)5 = U(3)q ⇥ U(3)u ⇥ U(3)d ⇥ U(3)` ⇥ U(3)e

• Minimally broken by SM Yukawa couplings. Since third family is the heaviest, the leading breaking 
comes from third family Yukawas:

<latexit sha1_base64="BsmBGzNgzm8UVnkke4fFtKbjSEc="></latexit>

U(3)5 ! U(2)5 = U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ U(2)` ⇥ U(2)e
[Barbieri et al 96’, Agashe et al 05’, 
Barbieri et al 11’ …]
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<latexit sha1_base64="BsmBGzNgzm8UVnkke4fFtKbjSEc="></latexit>

U(3)5 ! U(2)5 = U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ U(2)` ⇥ U(2)e
[Barbieri et al 96’, Agashe et al 05’, 
Barbieri et al 11’ …]

• First and second family Yukawa couplings provide small breaking effects - in the spurion formalism:

Minimal (SM-like) breaking of  U(2)5<latexit sha1_base64="ioaU2BR8kMic+Ns0P5LyVn1Nkfg="></latexit>

�Yu ⇠ 2q ⇥ 2u , �Yd ⇠ 2q ⇥ 2d , �Ye ⇠ 2` ⇥ 2d , Vq ⇠ 2q , V` ⇠ 2`

<latexit sha1_base64="n3JQ9FPNGoqUruWb1TIdvSZUva8="></latexit>

LYukawa =

✓
�Yu xuVq

0 yt

◆
qLH̃uR+

✓
�Yd xdVq

0 yb

◆
qLHdR+

✓
�Ye xeV`

0 y⌧

◆
`LHeR+h.c.



Mario Fernández Navarro Flavour deconstruction: from the EW scale to the GUT scale 43
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comes from third family Yukawas:
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U(3)5 ! U(2)5 = U(2)q ⇥ U(2)u ⇥ U(2)d ⇥ U(2)` ⇥ U(2)e
[Barbieri et al 96’, Agashe et al 05’, 
Barbieri et al 11’ …]

• First and second family Yukawa couplings provide small breaking effects - in the spurion formalism:

Minimal (SM-like) breaking of  U(2)5<latexit sha1_base64="ioaU2BR8kMic+Ns0P5LyVn1Nkfg="></latexit>

�Yu ⇠ 2q ⇥ 2u , �Yd ⇠ 2q ⇥ 2d , �Ye ⇠ 2` ⇥ 2d , Vq ⇠ 2q , V` ⇠ 2`

<latexit sha1_base64="n3JQ9FPNGoqUruWb1TIdvSZUva8="></latexit>

LYukawa =

✓
�Yu xuVq

0 yt

◆
qLH̃uR+

✓
�Yd xdVq

0 yb

◆
qLHdR+

✓
�Ye xeV`

0 y⌧

◆
`LHeR+h.c.

Different spurions in your BSM theory? GIM-like protection from 1-2 FCNCs is lost, e.g.
<latexit sha1_base64="C9Zt5LOvPXSM0lqBRozOZmeJCpk="></latexit>

�u ⇠ 2u , �d ⇠ 2d
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Backup: breaking SU(5)3

•  can be broken to deconstructed  and  via bi-fundamentals:SU(5)3 SU(2)3
L SU(3)3

c

<latexit sha1_base64="x8sLLBfwpY6y6K5Ff4KBkoFoY/Y="></latexit>

5i ◊ 5j = [(3, 1, ≠1/3) ü (1, 2, 1/2)]i ◊ [(3, 1, 1/3) ü (1, 2, ≠1/2)]j

•  can be broken to tri-hypercharge  via bi-adjoints:SU(5)3 U(1)3

<latexit sha1_base64="++TGXdWCWbuK8dWJFdWizpEZMLM="></latexit>

241 ◊ 242 ∏ (8, 1, 0)1 ◊ (8, 1, 0)2 = (8, 1, 0)1+2 ◊ (8, 1, 0)1+2 = (1, 1, 0)1+2 ü ...

241 ◊ 242 ∏ (1, 3, 0)1 ◊ (1, 3, 0)2 = (1, 3, 0)1+2 ◊ (1, 3, 0)1+2 = (1, 1, 0)1+2 ü ...
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<latexit sha1_base64="lSnPWGeucNYAcQPAzYK6Yga/6HE="></latexit>

Ld =
�
q1 q2 q3

�
0

@
�(� 1

2 , 0,
1
2 ) �(� 1

6 ,�
1
3 ,

1
2 ) �(� 1

6 , 0,
1
6 )

�(� 1
3 ,�

1
6 ,

1
2 ) �(0,� 1

2 ,
1
2 ) �(0,� 1

6 ,
1
6 )

�(� 1
3 , 0,

1
3 ) �(0,� 1

3 ,
1
3 ) 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3 +h.c.

45

Backup: pseudo-Goldstone bosons

• So far we have two scalars (hyperons)                             and   

• Introduce                              and                                to generate spurions in first row:  

<latexit sha1_base64="XsT+vFe1pN71VSUT+95cv4ai7X8="></latexit>

�q23 ⇠ (0,�1

6
,
1

6
)

<latexit sha1_base64="EbQZ7AYQX1V36cVTyKvOVwCdqTk="></latexit>

�`23 ⇠ (0,�1

2
,
1

2
)

Heavy messengers needed for s!Λ

<latexit sha1_base64="Qf6dYkORVKSgdx7dFh8l1J005ZU="></latexit>

�`12 ⇠ (�1

2
,
1

2
, 0)

<latexit sha1_base64="IXCZzpCFT7V0NdpUNy5IQ2IcCZc="></latexit>

�q12 ⇠ (�1

6
,
1

6
, 0)

<latexit sha1_base64="hNxDlkZnXKrk4yWIK47BT5AP5eE=">AAAGzXicxVVdb9MwFPXGGkb46uCRF4sKxAtVkqHBC9IEEuIBaUWi21DdRY5z21p1PhY7o5UJr/wmfgr/hQectBqkLYjyNUuRbs71vff4nMgJUsGlcpzPG5uXthrW5e0r9tVr12/cbO7 </latexit>

Yd =

0

BBBBBB@

�`12

⇤1

�`23

⇤1

�q12

⇤1

�`23

⇤2

�q12

⇤1

�q23

⇤2

�`12

⇤1

e�q12

⇤1

�`23

⇤2

�`23

⇤2

�q23

⇤2
�2
q12

⇤2
1

�2
q23

⇤2
2

�`23

⇤2

�q23

⇤2
1

1

CCCCCCA

<latexit sha1_base64="7MrWZiPpfsJlSYwTttWskZYCSUs="></latexit>

V ∏ ⁄12„3
q12„¸12

+ ⁄23„3
q23„¸23

+ h.c.
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Backup: Simple deconstructions

<latexit sha1_base64="xn0rprBr/qnxthsPhaBjt/VkrlU="></latexit>

SU(3)c ◊ SU(2)L ◊ U(1)3
Y

‣Three small parameters 😑 

‣Successful flavour structure 

‣Correlation between 12 and 23 VEVs

‣Comparison of  minimal complete models with the same 
number of  scalars and  VL fermions d.o.f.s

Model 1 in [MFN, King, Vicente, 2404.12442]

Model A in [Barbieri and Isidori, 2312.14004]

<latexit sha1_base64="8AImK+a1/JL9IvAIAinXpdz77h8="></latexit>

SU(3)c ◊ SU(2)L ◊ U(1)R1 ◊ U(1)R2 ◊ U(1)(B≠L)12 ◊ U(1)Y3

‣Two small parameters 

‣Need  coefficients for Cabibbo angle 
and , which is acceptable 

‣No correlation between 12 and 23 VEVs  

‣Larger gauge symmetry

𝒪(λ)
Vub/Vcb

<latexit sha1_base64="HCuOumzXEB3/OepIj4RACX/Kwzw="></latexit>

SU(3)c ◊ SU(2)3
L ◊ U(1)Y

[Davighi, Gosnay, Miller, Renner, 2312.13346] ‣Two small parameters 

‣Too heavy 1st family since  

‣No correlation between 12 and 23 VEVs
ϵ12 ≈ sin θC ≈ λ

<latexit sha1_base64="H8eYfTj3y/0FuANg/xBW29S6w+Y="></latexit>

Yd ≥

Q

a
‘12‘23/12 ‘12‘23 ‘12‘23

‘2
12‘23 ‘23 ‘23

0 0 1

R

b

<latexit sha1_base64="Hv/Uo6M6UzaL6aoEHnG+bb+lT54="></latexit>

Yd ≥

Q

a
‘12‘23 ‘12‘23 ‘12‘23

‘23 ‘23 ‘23
1 1 1

R

b

<latexit sha1_base64="vhrCGecZMos9KnTta1vu80Im6j4="></latexit>

Yd ≥

Q

a
‘12‘23 ‘23 ‘23
‘12‘23 ‘23 ‘23

0 0 1

R

b

<latexit sha1_base64="MgNP4Ck4y4LAVrs4rf/sxhotxUA="></latexit>

‘23 = È„23Í
M23

<latexit sha1_base64="nIgfZYPBhEHvYi/hirrEcH3kJ7M="></latexit>

‘12 = È„12Í
M12,13

<latexit sha1_base64="nsFmeoxafQLzRV/czgFLKzJ+2wA="></latexit>

‘23/12 = È„23Í
M12,13

https://arxiv.org/abs/2404.12442
https://arxiv.org/abs/2312.14004
https://arxiv.org/abs/2312.13346
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Backup: full theory
<latexit sha1_base64="tvWrc2xsXNj2NnAPk+8rhHEsl1A="></latexit>

Ld
Y =

Q

cccccccca

d
c
1 d

c
2 d
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q1 0 0 0 0 y
d
15H

d
3 0
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d
26H

d
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q3 0 0 y
d
3H

d
3 0 0 0

D12 y
d
41„̃¸12 y

d
42„q12 0 MD12 y

d
45„¸23 0

D13 0 0 0 y
d
54„̃¸23 MD13 y

d
56„q12

D23 0 y
d
62„̃¸23 y

d
63„q23 0 y

u
65„̃q12 MD23

R

ddddddddb

+h.c.

(1)
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<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2

No fixed 
connection 
among VEVs is 
predicted
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<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2

No fixed 
connection 
among VEVs is 
predicted
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<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2

No fixed 
connection 
among VEVs is 
predicted
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Backup: SU(5) cube model table

<latexit sha1_base64="exCiBjxxFf33SeTibdydfZSVeiY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

H
45
1 45 1 1

H
45
2 1 45 1

H
45
3 1 1 45

<latexit sha1_base64="qpueoN7NJKWglSMTHOvjJ0nvOBY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5 1 1
F2 1 5 1
F3 1 1 5
T1 10 1 1
T2 1 10 1
T3 1 1 10

�1 10 1 1
�2 1 10 1
�3 1 1 10

N12 5 5 1
N13 5 1 5
N23 1 5 5

<latexit sha1_base64="tCXdhGdd8gDHILneYyvM4i3kOGI="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

⌦1 24 1 1
⌦2 1 24 1
⌦2 1 1 24

H
u,d
1 5, 5 1 1

H
u,d
2 1 5, 5 1

H
u,d
3 1 1 5, 5

�F
12 5 5 1

�F
13 5 1 5

�F
23 1 5 5

�T
12 10 10 1

�T
13 10 1 10

�T
23 1 10 10
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Backup: SU(5) cube model table

cyclic  to split down/charged lepton 
masses as in conventional 

45
SU(5)

<latexit sha1_base64="exCiBjxxFf33SeTibdydfZSVeiY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

H
45
1 45 1 1

H
45
2 1 45 1

H
45
3 1 1 45

<latexit sha1_base64="qpueoN7NJKWglSMTHOvjJ0nvOBY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5 1 1
F2 1 5 1
F3 1 1 5
T1 10 1 1
T2 1 10 1
T3 1 1 10

�1 10 1 1
�2 1 10 1
�3 1 1 10

N12 5 5 1
N13 5 1 5
N23 1 5 5

<latexit sha1_base64="tCXdhGdd8gDHILneYyvM4i3kOGI="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

⌦1 24 1 1
⌦2 1 24 1
⌦2 1 1 24

H
u,d
1 5, 5 1 1

H
u,d
2 1 5, 5 1

H
u,d
3 1 1 5, 5

�F
12 5 5 1

�F
13 5 1 5

�F
23 1 5 5

�T
12 10 10 1

�T
13 10 1 10

�T
23 1 10 10


