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STANDARD MODEL
• Three families of fermions, left-handed particles qLi = (uL, dL)i, lLi =

(⌫L, eL)i doublets of SU(2) ⇥ U(1), right-handed components singlets of
SU(2).

• Weak eigenstates are not mass eigenstates;

• fermion mass matricesm(f)
ij = Y f

ijvEW can be diagonalized V (f)†
L m(f)V (f)

R = m(f)
diag

(vEW = 174 GeV);

• The Lagrangian for the charged current interaction is:

Lcc =
gp
2
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• VCKM = V (u)†
L V (d)

L =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A is unitary;

• unitarity implies |Vud|2 + |Vus|2 + |Vub|2 = 1 .
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• Determination of Vus and the ratio Vus/Vud from:

A : f+(0)|Vus| = 0.21654(41) B :

����
Vus

Vud

����
fK±

f⇡±
= 0.27599(38)

• |Vus| = 0.2238(8) ,
���Vus
Vud

��� = 0.2315(10) (PDG 2018);

• New determinations of the ratio for kaon and pion decay constant fK±/f⇡±

(FLAG 2019) and of the form factor relevant for semileptonic decay f+(0)
(Fermilab Lattice and MILC);

• |Vus| = 0.22333(60) ,
���Vus
Vud

��� = 0.23130(50)
<latexit sha1_base64="ZyqOXHyUIk+nGSBIuPvXzAsBD8U="></latexit>



CKM UNITARITY PROBLEM

|Vud|2 + |Vus|2 + |Vub|2 = 1
<latexit sha1_base64="CbynEN2wUehSiKkp1rjjvk2Udto=">AAACFnicbZC7SgNREIZnvcZ4W7W0ORgEQQi7UdBGCNpYRjCJENdw9mTUg2cvnDMrhE16H8GnsNXKTmxtLXwXdzcBr1N9/P8MM/P7sZKGHOfdmpicmp6ZLc2V5xcWl5btldWWiRItsCkiFekznxtUMsQmSVJ4Fmvkga+w7d8c5X77FrWRUXhK/Ri9gF+F8lIKTpnUtTcGrW6a9IaDi9p2geYL/RwP3K5dcapOUewvuGOo1KtQVKNrf5z3IpEEGJJQ3JiO68TkpVyTFAqH5fPEYMzFDb/CToYhD9B4afHLkG0mhlPEYtRMKlaI+H0i5YEx/cDPOgNO1+a3l4v/eZ2ELve9VIZxQhiKfBFJhcUiI7TMQkLWkxqJeH45MhkywTUnQi0ZFyITkyy1cpaH+/v7v9CqVd2dau1kt1I/HAUDJViHDdgCF/agDsfQgCYIuIMHeIQn6956tl6s11HrhDWeWYMfZb19AsSen/E=</latexit>

• Superallowed nuclear beta-decays (0+ ! 0+ Fermi transitions) determine:

C : GV = GF |Vud|

• within the SM GF = Gµ ;

• Vud = 0.97420± 0.00021 (PDG2018);

• New computation of radiative corrections with reduced hadronic uncer-
tainty (Seng et al. PRL 2018):

|Vud| =
Gexp

V

GF(= Gµ)
= 0.97366(15)
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�2
dof = 1.7
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Discrepancy between average A+B and C is 4.5�.
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4.3� far from unitarity curve (excluded at 99.998% C.L.)
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|Vud|2 + |Vus|2 + |Vub|2 = 1� |Vub0 |2 , |Vub0 | = 0.04
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SOLUTION #1

• Forth vector-like quark d4L,R whose left and right components are both
SU(2) singlets involved in quark mixing:

...+ hi�qLid4R +Md4Lb4R + h.c.

• dLim
(d)
ij dRj = (d1L, d2L, d3L, d4L)

0

BB@

hdv

m(d)
3⇥3 hsv

hbv
0 0 0 M

1

CCA

0

BB@

d1
d2
d3
d4

1

CCA

R

• ṼCKM =

0

@
Vud Vus Vub Vub0

Vcd Vcs Vcb Vcb0

Vtd Vts Vtb Vtb0

1

A = V (u)†
L Ṽ (d)

L ;

• Ṽ (d)
L is the 3⇥ 4 submatrix of V (d)

L , V (d)†
L m(d)V (d)

R = m(d)
diag .

• Since Vub0 ' hdvw/M , assuming |Vub0 | > 0.03 (95% C.L.) and hd < 1,
then M < 6 TeV.
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Elements Constraint Process |Vub0 | = 0.04

|Vub0V ⇤
cb0 | < 5 · 10�5 K+ ! ⇡+⌫⌫̄ |Vcb0 | < 0.0013

|ImVub0V ⇤
cb0 | < 8 · 10�6 KS ! µ+µ�

|ReVub0V ⇤
cb0 | < 1.5 · 10�5 KL ! µ+µ�

|Vub0V ⇤
tb0 | < 4 · 10�4 B+ ! ⇡+`+`� |Vtb0 | < 0.01

|ReVub0V ⇤
tb0 | < 0.0001 B ! µ+µ�

|Vcb0V ⇤
tb0 | < 0.002 B0 ! Xsµ+µ�

|ReVcb0V ⇤
tb0 | < 0.0006 B0

s ! µ+µ�
<latexit sha1_base64="TTo2Oj11d7jQ8LzJgU5R2RjefQ8="></latexit>

• The forth quark has tree level flavor-changing couplings with the Higgs

boson and with Z-boson. So for down quarks:

Lnc = �1

2

g

cos ✓W
Zµ

�
dL sL bL b0L

�
�µṼ (d)†

L Ṽ (d)
L

0

BB@

d
s
b
b0

1

CCA+ diagonal
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• Forth vector-like up-type quark u4L,R whose left and right components

are both SU(2) singlets involved in quark mixing:

...+ hi�̃qLiu4R +Muu4Lu4R + h.c.

• ṼCKM =

0

BB@

Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

Vt0d Vt0s Vt0b

1

CCA = Ṽ (u)†
L V (d)

L ;

• Ṽ (u)
L is the 3⇥ 4 submatrix of V (u)

L .
<latexit sha1_base64="yeHshkADUxflZjFeZKyGvvfqyPw="></latexit>

Elements Constraint Process |Vt0d| = 0.04

|V ⇤
t0dVt0s| 0.00012 D0 mixing |Vt0s| < 0.003

|ReV ⇤
t0dVt0s| 0.003 D0 ! µ+µ�

|V ⇤
t0bVt0d| 0.002 B0 mixing |Vt0b| < 0.05

|V ⇤
t0bVt0s| 0.01 B0

s mixing
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F

⌫e ⌫µ

µ L e L

W

⌫e e L

µ L ⌫µ

�4GHp
2
(eL�

↵µL)(⌫µ�↵⌫e)
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�4GFp
2
(⌫µ�

↵µL)(eL�↵⌫e)
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Gµ 6= GF
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• Suppose the existence of flavor changing bosons.
<latexit sha1_base64="hEjUQ0iV4Wmq5aCTCYidyXRf5J0="></latexit>

• Horizontal interactions have positive interference with SM;

• After Fierz transformation, the sum of the diagrams gives the operator:

�4Gµp
2
(⌫µ�

↵µL)(eL�↵⌫e)

• Gµ = GF +GH = GF (1 + �µ)
<latexit sha1_base64="FNDqDTURpezHlJ38Rs1gQLEiXeo="></latexit>
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v` = 6.3 TeV
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• Di↵erent Gµ = GF +GH = GF(1+ �µ) = 1+ v2

w/v
2

`

• The values of Vus, Vud (and corresponding errorbars) should be rescaled:

|Vus| = 0.22333(60)⇥ (1 + �µ) , |Vud| = 0.97370(14)⇥ (1 + �µ)

while the ratio is not a↵ected.

• Unitarity recovered:
⇣

GF
Gµ

⌘2
|Vud|2 + |Vus|2 + |Vub|2 = 1� 2GH

GF

• After performing the fit of Vus, Vud and their ratio with two parameters
Vus and �µ by imposing unitarity, the minimum �2

dof
= 3.0 is found for

�µ = 0.00076, or
<latexit sha1_base64="nSyvqGZjazGByIrvsLzZcHp8KPI="></latexit>
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�µ = 0.000 76
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A

B

C

A+B●●

●●

●●

●●

0.223 0.224 0.225 0.226 0.227 0.228
Vus

After 2018

Vub'=0.04
with

Pull (σ)
C :
B :
A :
A+B:

-0.1
+1.5
-1.9
+0.1

�2
dof = 3

<latexit sha1_base64="u5SRM2si24uJQ5pnoOn7rWijANU=">AAACAHicbVC7TgJBFL2LL8QXamkzkZhYkV0w0caEaGOJiTwSXpkdLjBh9pGZuyZkQ+NX2GplZ2z9Ewv/xWWhUPBUJ+fcm3vucUMlDdn2l5VZW9/Y3Mpu53Z29/YP8odHdRNEWmBNBCrQTZcbVNLHGklS2Aw1cs9V2HDHtzO/8YjayMB/oEmIHY8PfTmQglMiddtiJLulXtwPBtPrci9fsIt2CrZKnAUpVIqQotrLf7f7gYg89EkobkzLsUPqxFyTFAqnuXZkMORizIfYSqjPPTSdOE09ZWeR4RSwEDWTiqUi/t6IuWfMxHOTSY/TyCx7M/E/rxXR4KoTSz+MCH0xO0RSYXrICC2TOpD1pUYiPkuOTPpMcM2JUEvGhUjEKOknl/ThLH+/SuqlolMulu4vCpWbeTGQhRM4hXNw4BIqcAdVqIEADc/wAq/Wk/VmvVsf89GMtdg5hj+wPn8AZ2yXHQ==</latexit>

�2
dof = 1.7

<latexit sha1_base64="Bw2mQ24Q27tNHz4bpOEoqtKWz88=">AAACBHicbVC7TsNAEFzzDOFloKQ5ESFRWXZAggYpgoYySAQiJSY6XzZw4vzQ3RopstLyFbRQ0SFa/oOCf8F2UkDCVKOZXe3sBImShlz3y5qbX1hcWq6sVFfX1jc27a3taxOnWmBLxCrW7YAbVDLCFklS2E408jBQeBM8nBf+zSNqI+PoioYJ+iG/i+RACk651LPtrriXt/Ve1o8Ho1PPOe7ZNddxS7BZ4k1IreFAiWbP/u72Y5GGGJFQ3JiO5ybkZ1yTFApH1W5qMOHigd9hJ6cRD9H4WZl8xPZTwylmCWomFStF/L2R8dCYYRjkkyGnezPtFeJ/XielwYmfyShJCSNRHCKpsDxkhJZ5Jcj6UiMRL5IjkxETXHMi1JJxIXIxzTuq5n1409/Pkuu64x069cujWuNsXAxUYBf24AA8OIYGXEATWiDgEZ7hBV6tJ+vNerc+xqNz1mRnB/7A+vwBz2+XxQ==</latexit>
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A

B

C

A+B●●

●●

●●

●●

0.223 0.224 0.225 0.226 0.227 0.228
Vus

After 2018
with
δμ=0.00076

Pull (σ)
C :
B :
A :
A+B:

-0.1
+1.5
-1.9
+0.1

�2
dof = 3

<latexit sha1_base64="u5SRM2si24uJQ5pnoOn7rWijANU=">AAACAHicbVC7TgJBFL2LL8QXamkzkZhYkV0w0caEaGOJiTwSXpkdLjBh9pGZuyZkQ+NX2GplZ2z9Ewv/xWWhUPBUJ+fcm3vucUMlDdn2l5VZW9/Y3Mpu53Z29/YP8odHdRNEWmBNBCrQTZcbVNLHGklS2Aw1cs9V2HDHtzO/8YjayMB/oEmIHY8PfTmQglMiddtiJLulXtwPBtPrci9fsIt2CrZKnAUpVIqQotrLf7f7gYg89EkobkzLsUPqxFyTFAqnuXZkMORizIfYSqjPPTSdOE09ZWeR4RSwEDWTiqUi/t6IuWfMxHOTSY/TyCx7M/E/rxXR4KoTSz+MCH0xO0RSYXrICC2TOpD1pUYiPkuOTPpMcM2JUEvGhUjEKOknl/ThLH+/SuqlolMulu4vCpWbeTGQhRM4hXNw4BIqcAdVqIEADc/wAq/Wk/VmvVsf89GMtdg5hj+wPn8AZ2yXHQ==</latexit>

v` = 6.3 TeV
<latexit sha1_base64="w2/krDy5ivgKCTxOWaMe7g5MDug=">AAACDHicbVDLSgNBEOz1GeNr1YvgZTAInpZdIyqCEPTiMUIShWwIs2Org7MPZnqDYYmf4Fd41ZM38eo/ePBf3F09+KpTUdVNd1WQKGnIdd+ssfGJyanpykx1dm5+YdFeWu6YONUC2yJWsT4LuEElI2yTJIVniUYeBgpPg+ujwj8doDYyjlo0TLAX8stIXkjBKZf69uqg76NSBztOnfn7fhjEN1kLO6Nq3665jluC/SXeF6k1HCjR7Nvv/nks0hAjEoob0/XchHoZ1ySFwlHVTw0mXFzzS+zmNOIhml5WJhixjdRwilmCmknFShG/b2Q8NGYYBvlkyOnK/PYK8T+vm9LFXi+TUZISRqI4RFJhecgILfNqkJ1LjUS8+ByZjJjgmhOhlowLkYtp3lXRh/c7/V/S2XK8urN1sl1rHH4WAxVYg3XYBA92oQHH0IQ2CLiFe3iAR+vOerKerZfP0THra2cFfsB6/QA1F5qt</latexit>
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V u
d



• Weak eigenstates are not mass eigenstates;

• fermion mass matrices

m(f)
ij = Y f

ijvEW

vEW = 174 GeV, can be diagonalized V (f)†
L m(f)V (f)

R = m(f)
diag;

• all masses proportional to Higgs VEV;

• fermion mixing in charged currents is

VCKM = V (u)†
L V (d)

L UPMNS = V (⌫)†
L V (e)

L ;

• Yukawa couplings, and photon/Z couplings (V †V = 1), are diagonal in

mass basis: no flavour changing neutral currents at tree level;

• all flavour changing and CP-violation is originated from loop diagrams;

• no mixing in the right particles sector (unless right W bosons exist).
<latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="JsY2M/+G/6hlSBrAiTTvRkpSb8w=">AAAB5HicbZA7SwNBFIXvxldco8baZjAIVmHXRkvBxjKCeUBcwt3JTRwy+2DmrhBC/oCtlZ34ryz8L86uKTTxVB/nzHDvPXGuleUg+PRqW9s7u3v1ff+g4R8eHTcbPZsVRlJXZjozgxgtaZVSlxVrGuSGMIk19ePZbZn3n8lYlaUPPM8pSnCaqomSyM7qjJqtoB1UEpsQrqAFK42aX4/jTBYJpSw1WjsMg5yjBRpWUtPSfyws5ShnOKWhwxQTstGiWnMpzguLnImcjFBaVCb9/rHAxNp5EruXCfKTXc9K879sWPDkOlqoNC+YUlkOYqWpGmSlUe5+EmNliBnLzUmoVEg0yExGCZTSmYUrxHd1hOvHb0Lvsh06vg+gDqdwBhcQwhXcwB10oAsSxvACr5713rz3n9pq3qq/E/gj7+MbljKOsg==</latexit><latexit sha1_base64="ss3euLQ4xiaRHNJdEM8HiHlgwA8="></latexit><latexit sha1_base64="ss3euLQ4xiaRHNJdEM8HiHlgwA8="></latexit><latexit sha1_base64="jIeYJXlapnqKhfNZmIzdpnQ8yM4="></latexit><latexit sha1_base64="5cNolkWzRAV8vVSDcyS3vNpIWqA="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="Nr5xN2cFQwpVdjdu/VU+dtJVoGo="></latexit><latexit sha1_base64="5cNolkWzRAV8vVSDcyS3vNpIWqA="></latexit>

STANDARD MODEL



MORE ABOUT #2

Hierarchy between quarks and CKM angles parametrized by ✏ ⇠ 1/20:

md : ms : mb ⇠ ✏
2
: ✏ : 1 mu : mc : mt ⇠ ✏

4
: ✏

2
: 1

sin ✓
q
12 ⇠

p
✏ ⇠ 4✏; sin ✓

q
23 ⇠ ✏; sin ✓

q
13 ⇠ ✏

2

Hierarchy between charged leptons parametrized by same ✏ ⇠ 1/20:

me : mµ : m⌧ ⇠ k
�1

✏
2
: k✏ : k

k ' 3 (factor O(1)).
<latexit sha1_base64="YlAR1i61FciGHAIdEbGLW64v6WA="></latexit><latexit sha1_base64="YlAR1i61FciGHAIdEbGLW64v6WA="></latexit><latexit sha1_base64="YlAR1i61FciGHAIdEbGLW64v6WA="></latexit><latexit sha1_base64="Q4DkGowGzWJXoY4ra6CzH/y2lnU="></latexit>

Technically natural: SM tolerates Yukawa hierarchy but cannot explain it.

Something not explained in the SM:

• Replication of fermion families;

• inter-family mass hierarchy (Yukawa hierarchy);

• weak mixing pattern: small angles for quarks, large angles for neutrinos;

• neutrino masses: very small (seesaw?), mass hierarchy yet unknown.
<latexit sha1_base64="efvXvdpS0weCW7kcL1bJo7SSPcA="></latexit>



STANDARD MODEL    FAMILY SYMMETRY 

U(3)q ⇥ U(3)u ⇥ U(3)d ⇥ U(3)l ⇥ U(3)e
<latexit sha1_base64="/x4dkHQYqmWTFcgbYrhc/QnJmfg=">AAACM3icbVC7TsNAEDzzDOFloKQ5ESGFJrIBCToiaCiDRB5SElnnyyaccj6buzVSZOVz+AS+ghYKhGgQLf+AbVKQhK1mZnc1u+NHUhh0nDdrYXFpeWW1sFZc39jc2rZ3dhsmjDWHOg9lqFs+MyCFgjoKlNCKNLDAl9D0h1dZv/kA2ohQ3eIogm7ABkr0BWeYSp59US+fHHn3tIMiAENzFk+x3hSTUwyKnl1yKk5edB64E1Aik6p59kenF/I4AIVcMmParhNhN2EaBZcwLnZiAxHjQzaAdgoVS826Sf7omB7GhmFII9BUSJqL8HcjYYExo8BPJwOGd2a2l4n/9dox9s+7iVBRjKB4ZoRCQm5kuBZpgkB7QgMiyy4HKhTlTDNE0IIyzlMxTiPN8nBnv58HjeOK61Tcm9NS9XKSTIHskwNSJi45I1VyTWqkTjh5JM/khbxaT9a79Wl9/Y4uWJOdPTJV1vcPl2mm2w==</latexit><latexit sha1_base64="/x4dkHQYqmWTFcgbYrhc/QnJmfg=">AAACM3icbVC7TsNAEDzzDOFloKQ5ESGFJrIBCToiaCiDRB5SElnnyyaccj6buzVSZOVz+AS+ghYKhGgQLf+AbVKQhK1mZnc1u+NHUhh0nDdrYXFpeWW1sFZc39jc2rZ3dhsmjDWHOg9lqFs+MyCFgjoKlNCKNLDAl9D0h1dZv/kA2ohQ3eIogm7ABkr0BWeYSp59US+fHHn3tIMiAENzFk+x3hSTUwyKnl1yKk5edB64E1Aik6p59kenF/I4AIVcMmParhNhN2EaBZcwLnZiAxHjQzaAdgoVS826Sf7omB7GhmFII9BUSJqL8HcjYYExo8BPJwOGd2a2l4n/9dox9s+7iVBRjKB4ZoRCQm5kuBZpgkB7QgMiyy4HKhTlTDNE0IIyzlMxTiPN8nBnv58HjeOK61Tcm9NS9XKSTIHskwNSJi45I1VyTWqkTjh5JM/khbxaT9a79Wl9/Y4uWJOdPTJV1vcPl2mm2w==</latexit><latexit sha1_base64="/x4dkHQYqmWTFcgbYrhc/QnJmfg=">AAACM3icbVC7TsNAEDzzDOFloKQ5ESGFJrIBCToiaCiDRB5SElnnyyaccj6buzVSZOVz+AS+ghYKhGgQLf+AbVKQhK1mZnc1u+NHUhh0nDdrYXFpeWW1sFZc39jc2rZ3dhsmjDWHOg9lqFs+MyCFgjoKlNCKNLDAl9D0h1dZv/kA2ohQ3eIogm7ABkr0BWeYSp59US+fHHn3tIMiAENzFk+x3hSTUwyKnl1yKk5edB64E1Aik6p59kenF/I4AIVcMmParhNhN2EaBZcwLnZiAxHjQzaAdgoVS826Sf7omB7GhmFII9BUSJqL8HcjYYExo8BPJwOGd2a2l4n/9dox9s+7iVBRjKB4ZoRCQm5kuBZpgkB7QgMiyy4HKhTlTDNE0IIyzlMxTiPN8nBnv58HjeOK61Tcm9NS9XKSTIHskwNSJi45I1VyTWqkTjh5JM/khbxaT9a79Wl9/Y4uWJOdPTJV1vcPl2mm2w==</latexit><latexit sha1_base64="/x4dkHQYqmWTFcgbYrhc/QnJmfg=">AAACM3icbVC7TsNAEDzzDOFloKQ5ESGFJrIBCToiaCiDRB5SElnnyyaccj6buzVSZOVz+AS+ghYKhGgQLf+AbVKQhK1mZnc1u+NHUhh0nDdrYXFpeWW1sFZc39jc2rZ3dhsmjDWHOg9lqFs+MyCFgjoKlNCKNLDAl9D0h1dZv/kA2ohQ3eIogm7ABkr0BWeYSp59US+fHHn3tIMiAENzFk+x3hSTUwyKnl1yKk5edB64E1Aik6p59kenF/I4AIVcMmParhNhN2EaBZcwLnZiAxHjQzaAdgoVS826Sf7omB7GhmFII9BUSJqL8HcjYYExo8BPJwOGd2a2l4n/9dox9s+7iVBRjKB4ZoRCQm5kuBZpgkB7QgMiyy4HKhTlTDNE0IIyzlMxTiPN8nBnv58HjeOK61Tcm9NS9XKSTIHskwNSJi45I1VyTWqkTjh5JM/khbxaT9a79Wl9/Y4uWJOdPTJV1vcPl2mm2w==</latexit>

⌦
<latexit sha1_base64="7SSweDqGYEQBOI6yr+ZMdxinGEk=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZRNOOZ+tuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyuZneCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ68zsPaKyM9B1NY/RDPtZyJAWnVOr2I5Ih2sqgWnPrbg62TLyC1KBAc1D96g8jkYSoSShubc9zY/Jn3JAUCueVfmIx5mLCx9hLqeZpij/L752zk8RyiliMhknFchF/b8x4aO00DNLJkNO9XfQy8T+vl9Do0p9JHSeEWmRBJBXmQVYYmRaBbCgNEvHscmRSM8ENJ0IjGRciFZO0mawPb/H7ZdI+q3tu3bs9rzWuimbKcATHcAoeXEADbqAJLRCg4Ame4cV5dF6dN+f9Z7TkFDuH8AfOxzd5ApRG</latexit><latexit sha1_base64="7SSweDqGYEQBOI6yr+ZMdxinGEk=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZRNOOZ+tuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyuZneCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ68zsPaKyM9B1NY/RDPtZyJAWnVOr2I5Ih2sqgWnPrbg62TLyC1KBAc1D96g8jkYSoSShubc9zY/Jn3JAUCueVfmIx5mLCx9hLqeZpij/L752zk8RyiliMhknFchF/b8x4aO00DNLJkNO9XfQy8T+vl9Do0p9JHSeEWmRBJBXmQVYYmRaBbCgNEvHscmRSM8ENJ0IjGRciFZO0mawPb/H7ZdI+q3tu3bs9rzWuimbKcATHcAoeXEADbqAJLRCg4Ame4cV5dF6dN+f9Z7TkFDuH8AfOxzd5ApRG</latexit><latexit sha1_base64="7SSweDqGYEQBOI6yr+ZMdxinGEk=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZRNOOZ+tuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyuZneCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ68zsPaKyM9B1NY/RDPtZyJAWnVOr2I5Ih2sqgWnPrbg62TLyC1KBAc1D96g8jkYSoSShubc9zY/Jn3JAUCueVfmIx5mLCx9hLqeZpij/L752zk8RyiliMhknFchF/b8x4aO00DNLJkNO9XfQy8T+vl9Do0p9JHSeEWmRBJBXmQVYYmRaBbCgNEvHscmRSM8ENJ0IjGRciFZO0mawPb/H7ZdI+q3tu3bs9rzWuimbKcATHcAoeXEADbqAJLRCg4Ame4cV5dF6dN+f9Z7TkFDuH8AfOxzd5ApRG</latexit><latexit sha1_base64="7SSweDqGYEQBOI6yr+ZMdxinGEk=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZRNOOZ+tuzVSFPITtFDRIVp+hoJ/wTYuIGGq0cyuZneCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ68zsPaKyM9B1NY/RDPtZyJAWnVOr2I5Ih2sqgWnPrbg62TLyC1KBAc1D96g8jkYSoSShubc9zY/Jn3JAUCueVfmIx5mLCx9hLqeZpij/L752zk8RyiliMhknFchF/b8x4aO00DNLJkNO9XfQy8T+vl9Do0p9JHSeEWmRBJBXmQVYYmRaBbCgNEvHscmRSM8ENJ0IjGRciFZO0mawPb/H7ZdI+q3tu3bs9rzWuimbKcATHcAoeXEADbqAJLRCg4Ame4cV5dF6dN+f9Z7TkFDuH8AfOxzd5ApRG</latexit>

qLi ⇠ 3q uj
R ⇠ 3̄u d↵R ⇠ 3̄d lL� ⇠ 3l ekR ⇠ 3̄e

<latexit sha1_base64="OUftcX16RewMUccDGNYni0dxLoo="></latexit><latexit sha1_base64="OUftcX16RewMUccDGNYni0dxLoo="></latexit><latexit sha1_base64="OUftcX16RewMUccDGNYni0dxLoo="></latexit><latexit sha1_base64="OUftcX16RewMUccDGNYni0dxLoo="></latexit>

U(3)2 = U(3)l ⇥ U(3)e
<latexit sha1_base64="q8aTwVU3bS98kVuPEIyydDGK9ko=">AAACE3icbVC7TsNAEDyHVzAvAyUFJyKk0ER2QIIGKYKGMkjkISUhOl824ZTz2bpbI0VRSj6Br6CFig7R8gEU/At24gICU83N7Gpux4+kMOi6n1ZuYXFpeSW/aq+tb2xuOds7dRPGmkONhzLUTZ8ZkEJBDQVKaEYaWOBLaPjDy9Rv3IM2IlQ3OIqgE7CBEn3BGSZS19mvFY+Pbsv0nKakK2kbRQBm9gLb7joFt+ROQf8SLyMFkqHadb7avZDHASjkkhnT8twIO2OmUXAJE7sdG4gYH7IBtBKqWJLWGU8PmdDD2DAMaQSaCkmnIvzcGLPAmFHgJ5MBwzsz76Xif14rxv5ZZyxUFCMongahkDANMlyLpCGgPaEBkaU/ByoU5UwzRNCCMs4TMU4qS/vw5q//S+rlkueWvOuTQuUiayZP9sgBKRKPnJIKuSJVUiOcPJAn8kxerEfr1Xqz3mejOSvb2SW/YH18A4IVml8=</latexit><latexit sha1_base64="q8aTwVU3bS98kVuPEIyydDGK9ko=">AAACE3icbVC7TsNAEDyHVzAvAyUFJyKk0ER2QIIGKYKGMkjkISUhOl824ZTz2bpbI0VRSj6Br6CFig7R8gEU/At24gICU83N7Gpux4+kMOi6n1ZuYXFpeSW/aq+tb2xuOds7dRPGmkONhzLUTZ8ZkEJBDQVKaEYaWOBLaPjDy9Rv3IM2IlQ3OIqgE7CBEn3BGSZS19mvFY+Pbsv0nKakK2kbRQBm9gLb7joFt+ROQf8SLyMFkqHadb7avZDHASjkkhnT8twIO2OmUXAJE7sdG4gYH7IBtBKqWJLWGU8PmdDD2DAMaQSaCkmnIvzcGLPAmFHgJ5MBwzsz76Xif14rxv5ZZyxUFCMongahkDANMlyLpCGgPaEBkaU/ByoU5UwzRNCCMs4TMU4qS/vw5q//S+rlkueWvOuTQuUiayZP9sgBKRKPnJIKuSJVUiOcPJAn8kxerEfr1Xqz3mejOSvb2SW/YH18A4IVml8=</latexit><latexit sha1_base64="q8aTwVU3bS98kVuPEIyydDGK9ko=">AAACE3icbVC7TsNAEDyHVzAvAyUFJyKk0ER2QIIGKYKGMkjkISUhOl824ZTz2bpbI0VRSj6Br6CFig7R8gEU/At24gICU83N7Gpux4+kMOi6n1ZuYXFpeSW/aq+tb2xuOds7dRPGmkONhzLUTZ8ZkEJBDQVKaEYaWOBLaPjDy9Rv3IM2IlQ3OIqgE7CBEn3BGSZS19mvFY+Pbsv0nKakK2kbRQBm9gLb7joFt+ROQf8SLyMFkqHadb7avZDHASjkkhnT8twIO2OmUXAJE7sdG4gYH7IBtBKqWJLWGU8PmdDD2DAMaQSaCkmnIvzcGLPAmFHgJ5MBwzsz76Xif14rxv5ZZyxUFCMongahkDANMlyLpCGgPaEBkaU/ByoU5UwzRNCCMs4TMU4qS/vw5q//S+rlkueWvOuTQuUiayZP9sgBKRKPnJIKuSJVUiOcPJAn8kxerEfr1Xqz3mejOSvb2SW/YH18A4IVml8=</latexit><latexit sha1_base64="q8aTwVU3bS98kVuPEIyydDGK9ko=">AAACE3icbVC7TsNAEDyHVzAvAyUFJyKk0ER2QIIGKYKGMkjkISUhOl824ZTz2bpbI0VRSj6Br6CFig7R8gEU/At24gICU83N7Gpux4+kMOi6n1ZuYXFpeSW/aq+tb2xuOds7dRPGmkONhzLUTZ8ZkEJBDQVKaEYaWOBLaPjDy9Rv3IM2IlQ3OIqgE7CBEn3BGSZS19mvFY+Pbsv0nKakK2kbRQBm9gLb7joFt+ROQf8SLyMFkqHadb7avZDHASjkkhnT8twIO2OmUXAJE7sdG4gYH7IBtBKqWJLWGU8PmdDD2DAMaQSaCkmnIvzcGLPAmFHgJ5MBwzsz76Xif14rxv5ZZyxUFCMongahkDANMlyLpCGgPaEBkaU/ByoU5UwzRNCCMs4TMU4qS/vw5q//S+rlkueWvOuTQuUiayZP9sgBKRKPnJIKuSJVUiOcPJAn8kxerEfr1Xqz3mejOSvb2SW/YH18A4IVml8=</latexit>

Maximal family symmetry in the SM:

In grand unification SU(5):

SU(3)f gauged, U(1) global

• A gauge family symmetry can be introduced and the mass hierarchy
between families can be related to the hierarchy of the symmetry
breaking.

• Family symmetry should not allow fermions to have mass until this sym-
metry is spontaneously broken. Left-handed and right-handed particles
transform in di↵erent representations.

<latexit sha1_base64="OJjaWDP32dRk3tQfdUAuEUcNGIE="></latexit>

5̄L = (`, dc)L ⇠ (3`, 1), 10L = (ec, uc, q)L ⇠ (1, 3e)
<latexit sha1_base64="/wPCR3L5I77ykTkoimemdDblCiw="></latexit>



EFFECTIVE OPERATORS FOR FERMION MASSES

`↵ Ec↵ E↵ eci
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' hXi
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` `
hSi
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N

'̃ '̃

X�k
e ⇠ (3̄l, 3̄e) Xi↵

d ⇠ (3̄q, 3̄d) Xij
u ⇠ (3̄q, 3̄u)

<latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="1RYNbByib/EN6Nb7qzKVC2oxNSI="></latexit>

S↵� ⇠ 6l
<latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="0dQ5k7dUPrrd2HSPLZUzciBTGbg=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGCCgjaCiDIA8pjqz1ZZOccn7obo0UWRGfwFfQQkWHaPkGCv4FO6SAhKlGM7vanfFjJQ3Z9qe1sLi0vLJaWCuub2xubZd2dhsmSrTAuohUpFs+GFQyxDpJUtiKNULgK2z6w6vcb96jNjIK72gUYyeAfih7UgBlklfav/VSF1Q8ANdHgrFrZMDPPFUseqWyXbEn4PPEmZIym6Lmlb7cbiSSAEMSCoxpO3ZMnRQ0SaFwXHQTgzGIIfSxndEQAjSddBJhzI8SAxTxGDWXik9E/L2RQmDMKPCzyQBoYGa9XPzPayfUu+ikMowTwlDkh0gqnBwyQsusG+RdqZEI8s+Ry5AL0ECEWnIQIhOTrKy8D2c2/TxpnFScjN+clquX02YK7IAdsmPmsHNWZdesxupMsAf2xJ7Zi/VovVpv1vvP6II13dljf2B9fAMGWJsI</latexit>



SSB & FERMION MASSES

SU(3)l
u3�! SU(2)l

u2�! nothing
<latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="y8nm+oHGs+PV2vc+nHY/2OGQIZk="></latexit>

SU(3)e
v3�! SU(2)e

v2�! nothing
<latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="h8I41D6ASfCAXZ4NtNMrUNzf/Wk="></latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

⌘↵(n) ⇠ 3̄l
<latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="8lpLDmjiCcOvxBtpK0+5c68F17k=">AAACGnicbVC7TsNAEDzzxrwClDQnIhA0yAYkKBE0lCCRBCkO1vqyIaecz9bdGglZ/gM+ga+ghYoO0dJQ8C/YIQWvqUYzu9qdiVIlLXneuzM2PjE5NT0z687NLywu1ZZXmjbJjMCGSFRiLiOwqKTGBklSeJkahDhS2IoGJ5XfukFjZaIv6DbFTgzXWvakACqlsLYZIMFVHoBK+1CE+ZbeLnhgZcyDCEy+V4SKu64b1urejjcE/0v8EamzEc7C2kfQTUQWoyahwNq276XUycGQFAoLN8gspiAGcI3tkmqI0XbyYZ6Cb2QWKOEpGi4VH4r4fSOH2NrbOConY6C+/e1V4n9eO6PeYSeXOs0ItagOkVQ4PGSFkWVRyLvSIBFUnyOXmgswQIRGchCiFLOyuaoP/3f6v6S5u+OX/Hy/fnQ8amaGrbF1tsV8dsCO2Ck7Yw0m2B17YI/sybl3np0X5/VrdMwZ7ayyH3DePgEH8p+6</latexit>

⇠i(n) ⇠ 3̄e
<latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="Ow0QbM5IDBcbVSYSDy/3RjBvFdw=">AAACEnicbVC7SgRBEJz17fk6NRRk8BA0kV0VNBRNDBU8FW7PpXdstXF2dpnpFY/lMj/BrzDVyExM/QED/8Xd8wJfFRVV3XRXxZkmx77/7g0MDg2PjI6N1yYmp6Zn6rNzxy7NrcKmSnVqT2NwqMlgk4k1nmYWIYk1nsTXe5V/coPWUWqOuJNhO4FLQxekgEspqi+Gt3RGUbFiVrsydJTIMAZbbHQjrJWI6g1/ze9B/iVBnzREHwdR/SM8T1WeoGGlwblW4GfcLsAyKY3dWpg7zEBdwyW2SmogQdcuejm6cjl3wKnM0ErSsifi940CEuc6SVxOJsBX7rdXif95rZwvttsFmSxnNKo6xKSxd8gpS2VBKM/JIjNUn6MkIxVYYEZLEpQqxbxsrOoj+J3+LzleXwtKfrjZ2NntNzMmFsSSWBGB2BI7Yl8ciKZQ4k48iEfx5N17z96L9/o1OuD1d+bFD3hvnyHVnAM=</latexit>

u3 : u2 : u1 = ✏2L : ✏L : 1
<latexit sha1_base64="bfTKi4wgDzyQECm7d7CIJRF/IPk=">AAACHnicbVDLSgNBEOz1GeMr6tHLYBDEQ9hNBCUgBL148KBgTCCJy+zY6pDZBzM9Qgj5Bz/Br/CqJ2/iVQ/+i7ur4LNgoLqqm56uIFHSkOu+OmPjE5NT04WZ4uzc/MJiaWn51MRWC2yKWMW6HXCDSkbYJEkK24lGHgYKW0F/P/Nb16iNjKMTGiTYC/llJC+k4JRKfmnT+rW69avp83a7mBipUvnwrFr/KupeMYNfKrsVNwf7S7xPUm5UIMeRX3rrnsfChhiRUNyYjucm1BtyTVIoHBW71mDCRZ9fYielEQ/R9Ib5TSO2bg2nmCWomVQsF/H7xJCHxgzCIO0MOV2Z314m/ud1LF3s9IYySixhJLJFJBXmi4zQMg0L2bnUSMSznyOTERNccyLUknEhUtGm6WV5eL+v/0tOqxWvVqkeb5Ubex/BQAFWYQ02wINtaMABHEETBNzAHdzDg3PrPDpPzvNH65jzObMCP+C8vAOF5qBy</latexit>

v3 : v2 : v1 = ✏2 : ✏ : 1
<latexit sha1_base64="6kizhjsuz3m7MsFoT6bWN2GcCy0=">AAACGnicbVBNS8NAEJ34WetX1aOXxaJ4KkkrKAWh6MVjBauFtobNOuriZhN2J4VS+g/8Cf4Kr3ryJl69ePC/mEQFtT4YeLw3w8y8IFbSkuu+OROTU9Mzs4W54vzC4tJyaWX11EaJEdgSkYpMO+AWldTYIkkK27FBHgYKz4Kbw8w/66OxMtInNIixF/IrLS+l4JRKfmmr79fqfb+alrffxdhKFenzav2b1r1iBr9UdituDjZOvC9SblQgR9MvvXcvIpGEqEkobm3Hc2PqDbkhKRSOit3EYszFDb/CTko1D9H2hvk/I7aZWE4Ri9EwqVgu4s+JIQ+tHYRB2hlyurZ/vUz8z+skdLnXG0odJ4RaZItIKswXWWFkGhSyC2mQiGeXI5OaCW44ERrJuBCpmKTJZXl4f78fJ6fVilerVI93yo2Dz2CgAOuwAdvgwS404Aia0AIBt3APD/Do3DlPzrPz8tk64XzNrMEvOK8fqOie9w==</latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

✏ =
1

20
<latexit sha1_base64="iSqEJT20yvwTAf2scuR17Ns3rjg=">AAACDnicbVDLSgNBEOz1bXxFvellMAiewm4U9CIEvXiMYFRIQugdOzo4O7vM9AqyBPwEv8KrnryJV3/Bg//i7saDrzoVVd10V4WJVo59/90bG5+YnJqema3MzS8sLlWXV05dnFpJbRnr2J6H6EgrQ21WrOk8sYRRqOksvD4s/LMbsk7F5oRvE+pFeGnUQEnkXOpX17qUOKVjs98dWJRZMMwa/rBSoF+t+XW/hPhLgi9Sa9ahRKtf/ehexDKNyLDU6Fwn8BPuZWhZSU3DSjd1lKC8xkvq5NRgRK6XlRmGYjN1yLFIyAqlRSnS940MI+duozCfjJCv3G+vEP/zOikP9nqZMknKZGRxiJWm8pCTVuXlkLhQlpix+JyEMkKiRWaySqCUuZjmbRV9BL/T/yWnjXqwXW8c79SaB6NiYAbWYQO2IIBdaMIRtKANEu7gAR7hybv3nr0X73U0OuZ97azCD3hvn9dzmuY=</latexit>

✏L ' 1

3
<latexit sha1_base64="ugV1OJuvKZ7nDT6W3+3sNjorE78=">AAACEnicbVC7SgNREJ31GeMrainIxSBYhV0jaBm0sbCIYFTIhjB7M9GLdx/eOyuEkM5P8CtstbITW3/Awn9xd7VQ46kO58wwc06QaGXZdd+dicmp6ZnZ0lx5fmFxabmysnpm49RIaslYx+YiQEtaRdRixZouEkMYBprOg+vD3D+/JWNVHJ3yIKFOiJeR6iuJnEndyoZPiVU6o8e+VSHdiLLfNyi9ejlHt1J1a24BMU68b1Jt1KBAs1v58HuxTEOKWGq0tu25CXeGaFhJTaOyn1pKUF7jJbUzGmFItjMscozEVmqRY5GQEUqLQqSfG0MMrR2EQTYZIl/Zv14u/ue1U+7vd4YqSlKmSOaHWGkqDllpVFYQiZ4yxIz55yRUJCQaZCajBEqZiWnWWN6H9zf9ODnbqXn12s7JbrVx8FUMlGAdNmEbPNiDBhxBE1og4Q4e4BGenHvn2XlxXr9GJ5zvnTX4BeftEw7QnAI=</latexit>

Effective Operators for Fermion Masses

⇠i⇠j
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�̄ūjqi +
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<latexit sha1_base64="bas/A1B8RXP33sO4bd1VpTlXid4="></latexit>

Then mass ratios, VCKM, UPMNS are obtained.
<latexit sha1_base64="GKXqGe3yTypwK90VmaRkcZLXNbU="></latexit>

In order to have all fermions massive:
<latexit sha1_base64="9rwBDv2ajiyooBhX2kYw7xeS7rw=">AAACG3icbVA9TxtBEJ3j05gAhpQ0K6yIVNadKUBUFjSkcyRsIxnLmluPYcXu3ml3zhKy+An8BH4FbVLRRWlTpMh/Ye+gSCBTPb03H29emmvlOY5/RwuLS8srq7W1+vqHjc2txvZO32eFk9STmc7cRYqetLLUY8WaLnJHaFJNg/TmtNQHM3JeZfacb3MaGbyyaqokcqDGjf0vVmRuQk5wJq5xRgK1FlNyJsheGPRezei4Pm4041ZclXgPklfQ7LSgqu648edyksnCkGWpw5ZhEuc8mqNjJTXd1S8LTznKG7yiYYAWDfnRvHroTnwqPAY/ebCltKhI+ntijsb7W5OGToN87d9qJfk/bVjw9Gg0VzYvmKwsD7HSVB3y0oVPHYmJcsSMpXMSygqJDpnJKYFSBrII0ZV5JG+/fw/67VZy0Gp/bTc7Jy/BQA12YQ8+QwKH0IEz6EIPJNzDI3yD79FD9BT9iH6+tC5ErzMf4Z+Kfj0DKY+hGA==</latexit>



SSB & FERMION MASSES

SU(3)l
u3�! SU(2)l

u2�! nothing
<latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="y8nm+oHGs+PV2vc+nHY/2OGQIZk="></latexit>

SU(3)e
v3�! SU(2)e

v2�! nothing
<latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="h8I41D6ASfCAXZ4NtNMrUNzf/Wk="></latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

⌘↵(n) ⇠ 3̄l
<latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="8lpLDmjiCcOvxBtpK0+5c68F17k=">AAACGnicbVC7TsNAEDzzxrwClDQnIhA0yAYkKBE0lCCRBCkO1vqyIaecz9bdGglZ/gM+ga+ghYoO0dJQ8C/YIQWvqUYzu9qdiVIlLXneuzM2PjE5NT0z687NLywu1ZZXmjbJjMCGSFRiLiOwqKTGBklSeJkahDhS2IoGJ5XfukFjZaIv6DbFTgzXWvakACqlsLYZIMFVHoBK+1CE+ZbeLnhgZcyDCEy+V4SKu64b1urejjcE/0v8EamzEc7C2kfQTUQWoyahwNq276XUycGQFAoLN8gspiAGcI3tkmqI0XbyYZ6Cb2QWKOEpGi4VH4r4fSOH2NrbOConY6C+/e1V4n9eO6PeYSeXOs0ItagOkVQ4PGSFkWVRyLvSIBFUnyOXmgswQIRGchCiFLOyuaoP/3f6v6S5u+OX/Hy/fnQ8amaGrbF1tsV8dsCO2Ck7Yw0m2B17YI/sybl3np0X5/VrdMwZ7ayyH3DePgEH8p+6</latexit>

⇠i(n) ⇠ 3̄e
<latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="Ow0QbM5IDBcbVSYSDy/3RjBvFdw=">AAACEnicbVC7SgRBEJz17fk6NRRk8BA0kV0VNBRNDBU8FW7PpXdstXF2dpnpFY/lMj/BrzDVyExM/QED/8Xd8wJfFRVV3XRXxZkmx77/7g0MDg2PjI6N1yYmp6Zn6rNzxy7NrcKmSnVqT2NwqMlgk4k1nmYWIYk1nsTXe5V/coPWUWqOuJNhO4FLQxekgEspqi+Gt3RGUbFiVrsydJTIMAZbbHQjrJWI6g1/ze9B/iVBnzREHwdR/SM8T1WeoGGlwblW4GfcLsAyKY3dWpg7zEBdwyW2SmogQdcuejm6cjl3wKnM0ErSsifi940CEuc6SVxOJsBX7rdXif95rZwvttsFmSxnNKo6xKSxd8gpS2VBKM/JIjNUn6MkIxVYYEZLEpQqxbxsrOoj+J3+LzleXwtKfrjZ2NntNzMmFsSSWBGB2BI7Yl8ciKZQ4k48iEfx5N17z96L9/o1OuD1d+bFD3hvnyHVnAM=</latexit>

u3 : u2 : u1 = ✏2L : ✏L : 1
<latexit sha1_base64="bfTKi4wgDzyQECm7d7CIJRF/IPk=">AAACHnicbVDLSgNBEOz1GeMr6tHLYBDEQ9hNBCUgBL148KBgTCCJy+zY6pDZBzM9Qgj5Bz/Br/CqJ2/iVQ/+i7ur4LNgoLqqm56uIFHSkOu+OmPjE5NT04WZ4uzc/MJiaWn51MRWC2yKWMW6HXCDSkbYJEkK24lGHgYKW0F/P/Nb16iNjKMTGiTYC/llJC+k4JRKfmnT+rW69avp83a7mBipUvnwrFr/KupeMYNfKrsVNwf7S7xPUm5UIMeRX3rrnsfChhiRUNyYjucm1BtyTVIoHBW71mDCRZ9fYielEQ/R9Ib5TSO2bg2nmCWomVQsF/H7xJCHxgzCIO0MOV2Z314m/ud1LF3s9IYySixhJLJFJBXmi4zQMg0L2bnUSMSznyOTERNccyLUknEhUtGm6WV5eL+v/0tOqxWvVqkeb5Ubex/BQAFWYQ02wINtaMABHEETBNzAHdzDg3PrPDpPzvNH65jzObMCP+C8vAOF5qBy</latexit>

v3 : v2 : v1 = ✏2 : ✏ : 1
<latexit sha1_base64="6kizhjsuz3m7MsFoT6bWN2GcCy0=">AAACGnicbVBNS8NAEJ34WetX1aOXxaJ4KkkrKAWh6MVjBauFtobNOuriZhN2J4VS+g/8Cf4Kr3ryJl69ePC/mEQFtT4YeLw3w8y8IFbSkuu+OROTU9Mzs4W54vzC4tJyaWX11EaJEdgSkYpMO+AWldTYIkkK27FBHgYKz4Kbw8w/66OxMtInNIixF/IrLS+l4JRKfmmr79fqfb+alrffxdhKFenzav2b1r1iBr9UdituDjZOvC9SblQgR9MvvXcvIpGEqEkobm3Hc2PqDbkhKRSOit3EYszFDb/CTko1D9H2hvk/I7aZWE4Ri9EwqVgu4s+JIQ+tHYRB2hlyurZ/vUz8z+skdLnXG0odJ4RaZItIKswXWWFkGhSyC2mQiGeXI5OaCW44ERrJuBCpmKTJZXl4f78fJ6fVilerVI93yo2Dz2CgAOuwAdvgwS404Aia0AIBt3APD/Do3DlPzrPz8tk64XzNrMEvOK8fqOie9w==</latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

✏ =
1

20
<latexit sha1_base64="iSqEJT20yvwTAf2scuR17Ns3rjg=">AAACDnicbVDLSgNBEOz1bXxFvellMAiewm4U9CIEvXiMYFRIQugdOzo4O7vM9AqyBPwEv8KrnryJV3/Bg//i7saDrzoVVd10V4WJVo59/90bG5+YnJqema3MzS8sLlWXV05dnFpJbRnr2J6H6EgrQ21WrOk8sYRRqOksvD4s/LMbsk7F5oRvE+pFeGnUQEnkXOpX17qUOKVjs98dWJRZMMwa/rBSoF+t+XW/hPhLgi9Sa9ahRKtf/ehexDKNyLDU6Fwn8BPuZWhZSU3DSjd1lKC8xkvq5NRgRK6XlRmGYjN1yLFIyAqlRSnS940MI+duozCfjJCv3G+vEP/zOikP9nqZMknKZGRxiJWm8pCTVuXlkLhQlpix+JyEMkKiRWaySqCUuZjmbRV9BL/T/yWnjXqwXW8c79SaB6NiYAbWYQO2IIBdaMIRtKANEu7gAR7hybv3nr0X73U0OuZ97azCD3hvn9dzmuY=</latexit>

✏L ' 1

3
<latexit sha1_base64="ugV1OJuvKZ7nDT6W3+3sNjorE78=">AAACEnicbVC7SgNREJ31GeMrainIxSBYhV0jaBm0sbCIYFTIhjB7M9GLdx/eOyuEkM5P8CtstbITW3/Awn9xd7VQ46kO58wwc06QaGXZdd+dicmp6ZnZ0lx5fmFxabmysnpm49RIaslYx+YiQEtaRdRixZouEkMYBprOg+vD3D+/JWNVHJ3yIKFOiJeR6iuJnEndyoZPiVU6o8e+VSHdiLLfNyi9ejlHt1J1a24BMU68b1Jt1KBAs1v58HuxTEOKWGq0tu25CXeGaFhJTaOyn1pKUF7jJbUzGmFItjMscozEVmqRY5GQEUqLQqSfG0MMrR2EQTYZIl/Zv14u/ue1U+7vd4YqSlKmSOaHWGkqDllpVFYQiZ4yxIz55yRUJCQaZCajBEqZiWnWWN6H9zf9ODnbqXn12s7JbrVx8FUMlGAdNmEbPNiDBhxBE1og4Q4e4BGenHvn2XlxXr9GJ5zvnTX4BeftEw7QnAI=</latexit>

Effective Operators for Fermion Masses

⇠i⇠j

M2
�̄ūjqi +

⇠i⌘↵

M2
�d̄↵qi +

⇠k⌘�

M2
�ēkl� +

⌘↵⌘�

M3
�̄�̄l↵l� + h.c.

<latexit sha1_base64="bas/A1B8RXP33sO4bd1VpTlXid4="></latexit>

Then mass ratios, VCKM, UPMNS are obtained.
<latexit sha1_base64="GKXqGe3yTypwK90VmaRkcZLXNbU="></latexit>

In order to have all fermions massive:
<latexit sha1_base64="9rwBDv2ajiyooBhX2kYw7xeS7rw=">AAACG3icbVA9TxtBEJ3j05gAhpQ0K6yIVNadKUBUFjSkcyRsIxnLmluPYcXu3ml3zhKy+An8BH4FbVLRRWlTpMh/Ye+gSCBTPb03H29emmvlOY5/RwuLS8srq7W1+vqHjc2txvZO32eFk9STmc7cRYqetLLUY8WaLnJHaFJNg/TmtNQHM3JeZfacb3MaGbyyaqokcqDGjf0vVmRuQk5wJq5xRgK1FlNyJsheGPRezei4Pm4041ZclXgPklfQ7LSgqu648edyksnCkGWpw5ZhEuc8mqNjJTXd1S8LTznKG7yiYYAWDfnRvHroTnwqPAY/ebCltKhI+ntijsb7W5OGToN87d9qJfk/bVjw9Gg0VzYvmKwsD7HSVB3y0oVPHYmJcsSMpXMSygqJDpnJKYFSBrII0ZV5JG+/fw/67VZy0Gp/bTc7Jy/BQA12YQ8+QwKH0IEz6EIPJNzDI3yD79FD9BT9iH6+tC5ErzMf4Z+Kfj0DKY+hGA==</latexit>

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>

m
(e) ⇠

0

@
O(✏2✏2L) O(✏✏2L) O(✏2L)
O(✏2✏L) O(✏✏L) O(✏L)
O(✏2) O(✏) O(1)

1

A · v3u3

M2
vEW

<latexit sha1_base64="I/w8/3a1R8kdqUw52igJvPnXf8g="></latexit>



SSB & FERMION MASSES

SU(3)l
u3�! SU(2)l

u2�! nothing
<latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="y8nm+oHGs+PV2vc+nHY/2OGQIZk="></latexit>

SU(3)e
v3�! SU(2)e

v2�! nothing
<latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="h8I41D6ASfCAXZ4NtNMrUNzf/Wk="></latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

⌘↵(n) ⇠ 3̄l
<latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="8lpLDmjiCcOvxBtpK0+5c68F17k=">AAACGnicbVC7TsNAEDzzxrwClDQnIhA0yAYkKBE0lCCRBCkO1vqyIaecz9bdGglZ/gM+ga+ghYoO0dJQ8C/YIQWvqUYzu9qdiVIlLXneuzM2PjE5NT0z687NLywu1ZZXmjbJjMCGSFRiLiOwqKTGBklSeJkahDhS2IoGJ5XfukFjZaIv6DbFTgzXWvakACqlsLYZIMFVHoBK+1CE+ZbeLnhgZcyDCEy+V4SKu64b1urejjcE/0v8EamzEc7C2kfQTUQWoyahwNq276XUycGQFAoLN8gspiAGcI3tkmqI0XbyYZ6Cb2QWKOEpGi4VH4r4fSOH2NrbOConY6C+/e1V4n9eO6PeYSeXOs0ItagOkVQ4PGSFkWVRyLvSIBFUnyOXmgswQIRGchCiFLOyuaoP/3f6v6S5u+OX/Hy/fnQ8amaGrbF1tsV8dsCO2Ck7Yw0m2B17YI/sybl3np0X5/VrdMwZ7ayyH3DePgEH8p+6</latexit>

⇠i(n) ⇠ 3̄e
<latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="Ow0QbM5IDBcbVSYSDy/3RjBvFdw=">AAACEnicbVC7SgRBEJz17fk6NRRk8BA0kV0VNBRNDBU8FW7PpXdstXF2dpnpFY/lMj/BrzDVyExM/QED/8Xd8wJfFRVV3XRXxZkmx77/7g0MDg2PjI6N1yYmp6Zn6rNzxy7NrcKmSnVqT2NwqMlgk4k1nmYWIYk1nsTXe5V/coPWUWqOuJNhO4FLQxekgEspqi+Gt3RGUbFiVrsydJTIMAZbbHQjrJWI6g1/ze9B/iVBnzREHwdR/SM8T1WeoGGlwblW4GfcLsAyKY3dWpg7zEBdwyW2SmogQdcuejm6cjl3wKnM0ErSsifi940CEuc6SVxOJsBX7rdXif95rZwvttsFmSxnNKo6xKSxd8gpS2VBKM/JIjNUn6MkIxVYYEZLEpQqxbxsrOoj+J3+LzleXwtKfrjZ2NntNzMmFsSSWBGB2BI7Yl8ciKZQ4k48iEfx5N17z96L9/o1OuD1d+bFD3hvnyHVnAM=</latexit>

u3 : u2 : u1 = ✏2L : ✏L : 1
<latexit sha1_base64="bfTKi4wgDzyQECm7d7CIJRF/IPk=">AAACHnicbVDLSgNBEOz1GeMr6tHLYBDEQ9hNBCUgBL148KBgTCCJy+zY6pDZBzM9Qgj5Bz/Br/CqJ2/iVQ/+i7ur4LNgoLqqm56uIFHSkOu+OmPjE5NT04WZ4uzc/MJiaWn51MRWC2yKWMW6HXCDSkbYJEkK24lGHgYKW0F/P/Nb16iNjKMTGiTYC/llJC+k4JRKfmnT+rW69avp83a7mBipUvnwrFr/KupeMYNfKrsVNwf7S7xPUm5UIMeRX3rrnsfChhiRUNyYjucm1BtyTVIoHBW71mDCRZ9fYielEQ/R9Ib5TSO2bg2nmCWomVQsF/H7xJCHxgzCIO0MOV2Z314m/ud1LF3s9IYySixhJLJFJBXmi4zQMg0L2bnUSMSznyOTERNccyLUknEhUtGm6WV5eL+v/0tOqxWvVqkeb5Ubex/BQAFWYQ02wINtaMABHEETBNzAHdzDg3PrPDpPzvNH65jzObMCP+C8vAOF5qBy</latexit>

v3 : v2 : v1 = ✏2 : ✏ : 1
<latexit sha1_base64="6kizhjsuz3m7MsFoT6bWN2GcCy0=">AAACGnicbVBNS8NAEJ34WetX1aOXxaJ4KkkrKAWh6MVjBauFtobNOuriZhN2J4VS+g/8Cf4Kr3ryJl69ePC/mEQFtT4YeLw3w8y8IFbSkuu+OROTU9Mzs4W54vzC4tJyaWX11EaJEdgSkYpMO+AWldTYIkkK27FBHgYKz4Kbw8w/66OxMtInNIixF/IrLS+l4JRKfmmr79fqfb+alrffxdhKFenzav2b1r1iBr9UdituDjZOvC9SblQgR9MvvXcvIpGEqEkobm3Hc2PqDbkhKRSOit3EYszFDb/CTko1D9H2hvk/I7aZWE4Ri9EwqVgu4s+JIQ+tHYRB2hlyurZ/vUz8z+skdLnXG0odJ4RaZItIKswXWWFkGhSyC2mQiGeXI5OaCW44ERrJuBCpmKTJZXl4f78fJ6fVilerVI93yo2Dz2CgAOuwAdvgwS404Aia0AIBt3APD/Do3DlPzrPz8tk64XzNrMEvOK8fqOie9w==</latexit>

n = 1, 2, 3
<latexit sha1_base64="b7T33F80vSSsaDSc+AVWcq58M3U=">AAAB/HicbVA9SwNBEJ2LX/H8ilraLAbBQsJdFLQRgjaWEcwHJiHsraMu2ds7ducECfFX2GplJ7b+Fwv/i3eXFJr4qsd7M8ybF8RKWvK8L6cwN7+wuFRcdldW19Y3SptbTRslRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWD88xvPaCxMtJX9BhjL+R3Wt5KwSmVrvWpf1A9OHRdt18qexUvB5sl/oSUaxXIUe+Xvrs3kUhC1CQUt7bjezH1htyQFApHbjexGHMx4HfYSanmIdreME88YnuJ5RSxGA2TiuUi/t4Y8tDaxzBIJ0NO93bay8T/vE5Ctye9odRxQqhFdoikwvyQFUamVSC7kQaJeJYcmdRMcMOJ0EjGhUjFJO0m68Of/n6WNKsV/7BSvTwq187GxUARdmAX9sGHY6jBBdShAQI0PMMLvDpPzpvz7nyMRwvOZGcb/sD5/AFqjZOM</latexit>

✏ =
1

20
<latexit sha1_base64="iSqEJT20yvwTAf2scuR17Ns3rjg=">AAACDnicbVDLSgNBEOz1bXxFvellMAiewm4U9CIEvXiMYFRIQugdOzo4O7vM9AqyBPwEv8KrnryJV3/Bg//i7saDrzoVVd10V4WJVo59/90bG5+YnJqema3MzS8sLlWXV05dnFpJbRnr2J6H6EgrQ21WrOk8sYRRqOksvD4s/LMbsk7F5oRvE+pFeGnUQEnkXOpX17qUOKVjs98dWJRZMMwa/rBSoF+t+XW/hPhLgi9Sa9ahRKtf/ehexDKNyLDU6Fwn8BPuZWhZSU3DSjd1lKC8xkvq5NRgRK6XlRmGYjN1yLFIyAqlRSnS940MI+duozCfjJCv3G+vEP/zOikP9nqZMknKZGRxiJWm8pCTVuXlkLhQlpix+JyEMkKiRWaySqCUuZjmbRV9BL/T/yWnjXqwXW8c79SaB6NiYAbWYQO2IIBdaMIRtKANEu7gAR7hybv3nr0X73U0OuZ97azCD3hvn9dzmuY=</latexit>

✏L ' 1

3
<latexit sha1_base64="ugV1OJuvKZ7nDT6W3+3sNjorE78=">AAACEnicbVC7SgNREJ31GeMrainIxSBYhV0jaBm0sbCIYFTIhjB7M9GLdx/eOyuEkM5P8CtstbITW3/Awn9xd7VQ46kO58wwc06QaGXZdd+dicmp6ZnZ0lx5fmFxabmysnpm49RIaslYx+YiQEtaRdRixZouEkMYBprOg+vD3D+/JWNVHJ3yIKFOiJeR6iuJnEndyoZPiVU6o8e+VSHdiLLfNyi9ejlHt1J1a24BMU68b1Jt1KBAs1v58HuxTEOKWGq0tu25CXeGaFhJTaOyn1pKUF7jJbUzGmFItjMscozEVmqRY5GQEUqLQqSfG0MMrR2EQTYZIl/Zv14u/ue1U+7vd4YqSlKmSOaHWGkqDllpVFYQiZ4yxIz55yRUJCQaZCajBEqZiWnWWN6H9zf9ODnbqXn12s7JbrVx8FUMlGAdNmEbPNiDBhxBE1og4Q4e4BGenHvn2XlxXr9GJ5zvnTX4BeftEw7QnAI=</latexit>

Effective Operators for Fermion Masses

⇠i⇠j

M2
�̄ūjqi +

⇠i⌘↵

M2
�d̄↵qi +

⇠k⌘�

M2
�ēkl� +

⌘↵⌘�

M3
�̄�̄l↵l� + h.c.

<latexit sha1_base64="bas/A1B8RXP33sO4bd1VpTlXid4="></latexit>

Then mass ratios, VCKM, UPMNS are obtained.
<latexit sha1_base64="GKXqGe3yTypwK90VmaRkcZLXNbU="></latexit>

In order to have all fermions massive:
<latexit sha1_base64="9rwBDv2ajiyooBhX2kYw7xeS7rw=">AAACG3icbVA9TxtBEJ3j05gAhpQ0K6yIVNadKUBUFjSkcyRsIxnLmluPYcXu3ml3zhKy+An8BH4FbVLRRWlTpMh/Ye+gSCBTPb03H29emmvlOY5/RwuLS8srq7W1+vqHjc2txvZO32eFk9STmc7cRYqetLLUY8WaLnJHaFJNg/TmtNQHM3JeZfacb3MaGbyyaqokcqDGjf0vVmRuQk5wJq5xRgK1FlNyJsheGPRezei4Pm4041ZclXgPklfQ7LSgqu648edyksnCkGWpw5ZhEuc8mqNjJTXd1S8LTznKG7yiYYAWDfnRvHroTnwqPAY/ebCltKhI+ntijsb7W5OGToN87d9qJfk/bVjw9Gg0VzYvmKwsD7HSVB3y0oVPHYmJcsSMpXMSygqJDpnJKYFSBrII0ZV5JG+/fw/67VZy0Gp/bTc7Jy/BQA12YQ8+QwKH0IEz6EIPJNzDI3yD79FD9BT9iH6+tC5ErzMf4Z+Kfj0DKY+hGA==</latexit>

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>

m
(e) ⇠

0

@
O(✏2✏2L) O(✏✏2L) O(✏2L)
O(✏2✏L) O(✏✏L) O(✏L)
O(✏2) O(✏) O(1)

1

A · v3u3

M2
vEW

<latexit sha1_base64="I/w8/3a1R8kdqUw52igJvPnXf8g="></latexit>



GAUGE BOSON MASSES

SU(3)e
v3�! SU(2)e

v2�! nothing v3 : v2 : v1 = ✏2 : ✏ : 1 ✏ =
1

20
<latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="iXIPGC1d/F08qjdZ+YRD8ITWUUo="></latexit>

1

2

0

B@
✓3 +

1p
3
✓8 ✓1 � i✓2 ✓4 � i✓5

✓1 + i✓2 �✓3 +
1p
3
✓8 ✓6 � i✓7

✓4 + i✓5 ✓6 + i✓7 � 2p
3
✓8

1

CA

(e)

<latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="THY8CaJrPZN9JELZElFYKOcOxlQ="></latexit>

M2
✓1,2 =

g2v22
2

<latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="zOvMAVOrjvVO0bx8qdCX+hbonk0=">AAACGXicbVC7SgNBFJ2N7/iKWtoMBsFCZHcRtBFEGxshgomBPJa7k5s4ZPbBzN1AWPYL/AS/wlYrO7G1svBf3I0pfJ3qcM693HuOHytpyLbfrdLM7Nz8wuJSeXlldW29srHZMFGiBdZFpCLd9MGgkiHWSZLCZqwRAl/hjT88L/ybEWojo/CaxjF2AhiEsi8FUC55ld3LruulbbpFAi919t0sO2n3NYh00HVHntt1s9TNvErVPrAn4H+JMyVVNkXNq3y0e5FIAgxJKDCm5dgxdVLQJIXCrNxODMYghjDAVk5DCNB00kmcjO8mBijiMWouFZ+I+H0jhcCYceDnkwHQrfntFeJ/Xiuh/nEnlWGcEIaiOERS4eSQEVrmPSHvSY1EUHyOXIZcgAYi1JKDELmY5MWV8z6c3+n/koZ74OT86rB6ejZtZpFtsx22xxx2xE7ZBauxOhPsjj2wR/Zk3VvP1ov1+jVasqY7W+wHrLdPZEegEw==</latexit>

M2
✓3,8 =

g2v23
2

(✓8, ✓3)

 
4
3 � 1p

3
✏2

� 1p
3
✏2 ✏2

!✓
✓8
✓3

◆

<latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="3hDfbxaUQj5gFh1XrTRp5Doyzeo=">AAAC8nichVJLbxMxEPYurxJeAY5cLCKqIJUqu6lELkgVXLggFYm0leJk5XUmiVWvd7FnK0WW/wBXOHFDXPlDHPgrCG+6CGgrMadvvnl9Hk9eKWlxMPgexVeuXrt+Y+tm59btO3fvde8/OLRlbQSMRalKc5xzC0pqGKNEBceVAV7kCo7yk1dN/OgUjJWlfofrCqYFX2q5kIJjoLLuzzezNHMMV4A8c8OdkfcvOmxhuHDLWXqaDW epd6nvtxmjHdqi4VOmYIF9lsNSaseN4WvvhPBt9Z53Q0+36bMzN/GO2fcGA+kZVFaqUs9Syth/ErbpH6fDQM/bSczI5Qov1xAktGqb/r/10kvKO1m3N9gdbIxeBEkLeqS1g6z7g81LURegUShu7SQZVDgNXVEKBWFybaHi4oQvYRKg5gXYqdv8k6dPasuxpBUYKhXdkPB3heOFtesiD5kFx5U9H2vIy2KTGhejqZO6qhG0aAahVLAZZIWR4QCAzqUBRN4oByo1FdxwRDCSciECWYeLaPaRnH/9RXCY7iYBv93r7b9sN7NFHpHHpE8S8pzsk9fkgIyJiObRh+hj9CnG+HP8Jf56lhpHbc1D8o/F334BPPHvng==</latexit>
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SU(3)e
v3�! SU(2)e
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1
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<latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="iXIPGC1d/F08qjdZ+YRD8ITWUUo="></latexit>

1
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✓8 ✓1 � i✓2 ✓4 � i✓5

✓1 + i✓2 �✓3 +
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3
✓8 ✓6 � i✓7

✓4 + i✓5 ✓6 + i✓7 � 2p
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<latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="THY8CaJrPZN9JELZElFYKOcOxlQ="></latexit>

M2
✓4,5,6,7 =

g2v23
2

<latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="Izs309BSrWpJilD9mO2GIWFTTH0="></latexit>

M2
✓1,2 =

g2v22
2

<latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="zOvMAVOrjvVO0bx8qdCX+hbonk0=">AAACGXicbVC7SgNBFJ2N7/iKWtoMBsFCZHcRtBFEGxshgomBPJa7k5s4ZPbBzN1AWPYL/AS/wlYrO7G1svBf3I0pfJ3qcM693HuOHytpyLbfrdLM7Nz8wuJSeXlldW29srHZMFGiBdZFpCLd9MGgkiHWSZLCZqwRAl/hjT88L/ybEWojo/CaxjF2AhiEsi8FUC55ld3LruulbbpFAi919t0sO2n3NYh00HVHntt1s9TNvErVPrAn4H+JMyVVNkXNq3y0e5FIAgxJKDCm5dgxdVLQJIXCrNxODMYghjDAVk5DCNB00kmcjO8mBijiMWouFZ+I+H0jhcCYceDnkwHQrfntFeJ/Xiuh/nEnlWGcEIaiOERS4eSQEVrmPSHvSY1EUHyOXIZcgAYi1JKDELmY5MWV8z6c3+n/koZ74OT86rB6ejZtZpFtsx22xxx2xE7ZBauxOhPsjj2wR/Zk3VvP1ov1+jVasqY7W+wHrLdPZEegEw==</latexit>

M2
✓3,8 =

g2v23
2

(✓8, ✓3)

 
4
3 � 1p

3
✏2

� 1p
3
✏2 ✏2

!✓
✓8
✓3

◆

<latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="3hDfbxaUQj5gFh1XrTRp5Doyzeo=">AAAC8nichVJLbxMxEPYurxJeAY5cLCKqIJUqu6lELkgVXLggFYm0leJk5XUmiVWvd7FnK0WW/wBXOHFDXPlDHPgrCG+6CGgrMadvvnl9Hk9eKWlxMPgexVeuXrt+Y+tm59btO3fvde8/OLRlbQSMRalKc5xzC0pqGKNEBceVAV7kCo7yk1dN/OgUjJWlfofrCqYFX2q5kIJjoLLuzzezNHMMV4A8c8OdkfcvOmxhuHDLWXqaDW epd6nvtxmjHdqi4VOmYIF9lsNSaseN4WvvhPBt9Z53Q0+36bMzN/GO2fcGA+kZVFaqUs9Syth/ErbpH6fDQM/bSczI5Qov1xAktGqb/r/10kvKO1m3N9gdbIxeBEkLeqS1g6z7g81LURegUShu7SQZVDgNXVEKBWFybaHi4oQvYRKg5gXYqdv8k6dPasuxpBUYKhXdkPB3heOFtesiD5kFx5U9H2vIy2KTGhejqZO6qhG0aAahVLAZZIWR4QCAzqUBRN4oByo1FdxwRDCSciECWYeLaPaRnH/9RXCY7iYBv93r7b9sN7NFHpHHpE8S8pzsk9fkgIyJiObRh+hj9CnG+HP8Jf56lhpHbc1D8o/F334BPPHvng==</latexit>

1)



GAUGE BOSON MASSES

SU(3)e
v3�! SU(2)e

v2�! nothing v3 : v2 : v1 = ✏2 : ✏ : 1 ✏ =
1
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<latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="iXIPGC1d/F08qjdZ+YRD8ITWUUo="></latexit>

1
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0

B@
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3
✓8 ✓1 � i✓2 ✓4 � i✓5

✓1 + i✓2 �✓3 +
1p
3
✓8 ✓6 � i✓7

✓4 + i✓5 ✓6 + i✓7 � 2p
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✓8
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(e)

<latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="THY8CaJrPZN9JELZElFYKOcOxlQ="></latexit>

M2
✓4,5,6,7 =

g2v23
2

<latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="Izs309BSrWpJilD9mO2GIWFTTH0="></latexit>

M2
✓1,2 =

g2v22
2

<latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="zOvMAVOrjvVO0bx8qdCX+hbonk0=">AAACGXicbVC7SgNBFJ2N7/iKWtoMBsFCZHcRtBFEGxshgomBPJa7k5s4ZPbBzN1AWPYL/AS/wlYrO7G1svBf3I0pfJ3qcM693HuOHytpyLbfrdLM7Nz8wuJSeXlldW29srHZMFGiBdZFpCLd9MGgkiHWSZLCZqwRAl/hjT88L/ybEWojo/CaxjF2AhiEsi8FUC55ld3LruulbbpFAi919t0sO2n3NYh00HVHntt1s9TNvErVPrAn4H+JMyVVNkXNq3y0e5FIAgxJKDCm5dgxdVLQJIXCrNxODMYghjDAVk5DCNB00kmcjO8mBijiMWouFZ+I+H0jhcCYceDnkwHQrfntFeJ/Xiuh/nEnlWGcEIaiOERS4eSQEVrmPSHvSY1EUHyOXIZcgAYi1JKDELmY5MWV8z6c3+n/koZ74OT86rB6ejZtZpFtsx22xxx2xE7ZBauxOhPsjj2wR/Zk3VvP1ov1+jVasqY7W+wHrLdPZEegEw==</latexit>

m2
✓1,2 =

g2v22
2

<latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="p0d4iG2peaDdM4S6nxfj51fRbHc=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFRoMi2kKBBQtBQBokAUuxY68smOeX80N06ErL8BXwCX0ELFR2ipaLgX3BCCl5TjWZ2tTsTpkoasu13a2Z2bn5hsbJUXV5ZXVuvbWxemSTTAlsiUYm+CcGgkjG2SJLCm1QjRKHC63B4NvavR6iNTOJLuk3Rj6Afy54UQKUU1HajjhvkHg2QIMidfbcojr2eBpH3O+4ocDtukbtFUKvbDXsC/pc4U1JnUzSD2ofXTUQWYUxCgTFtx07Jz0GTFAqLqpcZTEEMoY/tksYQofHzSZyC72YGKOEpai4Vn4j4fSOHyJjbKCwnI6CB+e2Nxf+8dka9Iz+XcZoRxmJ8iKTCySEjtCx7Qt6VGolg/DlyGXMBGohQSw5ClGJWFlct+3B+p/9LrtyGU/KLg/rJ6bSZCttmO2yPOeyQnbBz1mQtJtgde2CP7Mm6t56tF+v1a3TGmu5ssR+w3j4BmqegMw==</latexit>

M2
✓3,8 =
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✏2
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3
✏2 ✏2

!✓
✓8
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◆

<latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="3hDfbxaUQj5gFh1XrTRp5Doyzeo=">AAAC8nichVJLbxMxEPYurxJeAY5cLCKqIJUqu6lELkgVXLggFYm0leJk5XUmiVWvd7FnK0WW/wBXOHFDXPlDHPgrCG+6CGgrMadvvnl9Hk9eKWlxMPgexVeuXrt+Y+tm59btO3fvde8/OLRlbQSMRalKc5xzC0pqGKNEBceVAV7kCo7yk1dN/OgUjJWlfofrCqYFX2q5kIJjoLLuzzezNHMMV4A8c8OdkfcvOmxhuHDLWXqaDW epd6nvtxmjHdqi4VOmYIF9lsNSaseN4WvvhPBt9Z53Q0+36bMzN/GO2fcGA+kZVFaqUs9Syth/ErbpH6fDQM/bSczI5Qov1xAktGqb/r/10kvKO1m3N9gdbIxeBEkLeqS1g6z7g81LURegUShu7SQZVDgNXVEKBWFybaHi4oQvYRKg5gXYqdv8k6dPasuxpBUYKhXdkPB3heOFtesiD5kFx5U9H2vIy2KTGhejqZO6qhG0aAahVLAZZIWR4QCAzqUBRN4oByo1FdxwRDCSciECWYeLaPaRnH/9RXCY7iYBv93r7b9sN7NFHpHHpE8S8pzsk9fkgIyJiObRh+hj9CnG+HP8Jf56lhpHbc1D8o/F334BPPHvng==</latexit>

1) 2)



GAUGE BOSON MASSES

SU(3)e
v3�! SU(2)e

v2�! nothing v3 : v2 : v1 = ✏2 : ✏ : 1 ✏ =
1

20
<latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="iXIPGC1d/F08qjdZ+YRD8ITWUUo="></latexit>

1

2

0

B@
✓3 +

1p
3
✓8 ✓1 � i✓2 ✓4 � i✓5

✓1 + i✓2 �✓3 +
1p
3
✓8 ✓6 � i✓7

✓4 + i✓5 ✓6 + i✓7 � 2p
3
✓8

1

CA

(e)

<latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="THY8CaJrPZN9JELZElFYKOcOxlQ="></latexit>

M2
✓4,5,6,7 =

g2v23
2

<latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="Izs309BSrWpJilD9mO2GIWFTTH0="></latexit>

M2
✓1,2 =

g2v22
2

<latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="zOvMAVOrjvVO0bx8qdCX+hbonk0=">AAACGXicbVC7SgNBFJ2N7/iKWtoMBsFCZHcRtBFEGxshgomBPJa7k5s4ZPbBzN1AWPYL/AS/wlYrO7G1svBf3I0pfJ3qcM693HuOHytpyLbfrdLM7Nz8wuJSeXlldW29srHZMFGiBdZFpCLd9MGgkiHWSZLCZqwRAl/hjT88L/ybEWojo/CaxjF2AhiEsi8FUC55ld3LruulbbpFAi919t0sO2n3NYh00HVHntt1s9TNvErVPrAn4H+JMyVVNkXNq3y0e5FIAgxJKDCm5dgxdVLQJIXCrNxODMYghjDAVk5DCNB00kmcjO8mBijiMWouFZ+I+H0jhcCYceDnkwHQrfntFeJ/Xiuh/nEnlWGcEIaiOERS4eSQEVrmPSHvSY1EUHyOXIZcgAYi1JKDELmY5MWV8z6c3+n/koZ74OT86rB6ejZtZpFtsx22xxx2xE7ZBauxOhPsjj2wR/Zk3VvP1ov1+jVasqY7W+wHrLdPZEegEw==</latexit>

m2
✓1,2 =

g2v22
2

<latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="p0d4iG2peaDdM4S6nxfj51fRbHc=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFRoMi2kKBBQtBQBokAUuxY68smOeX80N06ErL8BXwCX0ELFR2ipaLgX3BCCl5TjWZ2tTsTpkoasu13a2Z2bn5hsbJUXV5ZXVuvbWxemSTTAlsiUYm+CcGgkjG2SJLCm1QjRKHC63B4NvavR6iNTOJLuk3Rj6Afy54UQKUU1HajjhvkHg2QIMidfbcojr2eBpH3O+4ocDtukbtFUKvbDXsC/pc4U1JnUzSD2ofXTUQWYUxCgTFtx07Jz0GTFAqLqpcZTEEMoY/tksYQofHzSZyC72YGKOEpai4Vn4j4fSOHyJjbKCwnI6CB+e2Nxf+8dka9Iz+XcZoRxmJ8iKTCySEjtCx7Qt6VGolg/DlyGXMBGohQSw5ClGJWFlct+3B+p/9LrtyGU/KLg/rJ6bSZCttmO2yPOeyQnbBz1mQtJtgde2CP7Mm6t56tF+v1a3TGmu5ssR+w3j4BmqegMw==</latexit>

M2
✓3,8 =

g2v23
2

(✓8, ✓3)

 
4
3 � 1p

3
✏2

� 1p
3
✏2 ✏2

!✓
✓8
✓3

◆

<latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="3hDfbxaUQj5gFh1XrTRp5Doyzeo=">AAAC8nichVJLbxMxEPYurxJeAY5cLCKqIJUqu6lELkgVXLggFYm0leJk5XUmiVWvd7FnK0WW/wBXOHFDXPlDHPgrCG+6CGgrMadvvnl9Hk9eKWlxMPgexVeuXrt+Y+tm59btO3fvde8/OLRlbQSMRalKc5xzC0pqGKNEBceVAV7kCo7yk1dN/OgUjJWlfofrCqYFX2q5kIJjoLLuzzezNHMMV4A8c8OdkfcvOmxhuHDLWXqaDW epd6nvtxmjHdqi4VOmYIF9lsNSaseN4WvvhPBt9Z53Q0+36bMzN/GO2fcGA+kZVFaqUs9Syth/ErbpH6fDQM/bSczI5Qov1xAktGqb/r/10kvKO1m3N9gdbIxeBEkLeqS1g6z7g81LURegUShu7SQZVDgNXVEKBWFybaHi4oQvYRKg5gXYqdv8k6dPasuxpBUYKhXdkPB3heOFtesiD5kFx5U9H2vIy2KTGhejqZO6qhG0aAahVLAZZIWR4QCAzqUBRN4oByo1FdxwRDCSciECWYeLaPaRnH/9RXCY7iYBv93r7b9sN7NFHpHHpE8S8pzsk9fkgIyJiObRh+hj9CnG+HP8Jf56lhpHbc1D8o/F334BPPHvng==</latexit>

M2
✓3,8 =

g2

2
(✓8, ✓3)

 
4
3v

2
3 � 1p

3
v22

� 1p
3
v22 v22

!✓
✓8
✓3

◆

<latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="EF8pj8/upjjrPRjaHVq9B5qcKUI="></latexit>

1) 2)



GAUGE BOSON MASSES

SU(3)e
v3�! SU(2)e

v2�! nothing v3 : v2 : v1 = ✏2 : ✏ : 1 ✏ =
1

20
<latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="7clgScFQYHw8Fw/p7oglnddBWE0="></latexit><latexit sha1_base64="iXIPGC1d/F08qjdZ+YRD8ITWUUo="></latexit>

1

2

0

B@
✓3 +

1p
3
✓8 ✓1 � i✓2 ✓4 � i✓5

✓1 + i✓2 �✓3 +
1p
3
✓8 ✓6 � i✓7

✓4 + i✓5 ✓6 + i✓7 � 2p
3
✓8

1

CA

(e)

<latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="pCl5Cx5fDiQQY4xZimuITIIB0Pw="></latexit><latexit sha1_base64="THY8CaJrPZN9JELZElFYKOcOxlQ="></latexit>

M2
✓4,5,6,7 =

g2v23
2

<latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="r/cWCxfXYi5QyByIo9zxdr9BpkE="></latexit><latexit sha1_base64="Izs309BSrWpJilD9mO2GIWFTTH0="></latexit>

M2
✓1,2 =

g2v22
2

<latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="Bw4GV7RnDd1dcnnwplXcaef5x4E="></latexit><latexit sha1_base64="zOvMAVOrjvVO0bx8qdCX+hbonk0=">AAACGXicbVC7SgNBFJ2N7/iKWtoMBsFCZHcRtBFEGxshgomBPJa7k5s4ZPbBzN1AWPYL/AS/wlYrO7G1svBf3I0pfJ3qcM693HuOHytpyLbfrdLM7Nz8wuJSeXlldW29srHZMFGiBdZFpCLd9MGgkiHWSZLCZqwRAl/hjT88L/ybEWojo/CaxjF2AhiEsi8FUC55ld3LruulbbpFAi919t0sO2n3NYh00HVHntt1s9TNvErVPrAn4H+JMyVVNkXNq3y0e5FIAgxJKDCm5dgxdVLQJIXCrNxODMYghjDAVk5DCNB00kmcjO8mBijiMWouFZ+I+H0jhcCYceDnkwHQrfntFeJ/Xiuh/nEnlWGcEIaiOERS4eSQEVrmPSHvSY1EUHyOXIZcgAYi1JKDELmY5MWV8z6c3+n/koZ74OT86rB6ejZtZpFtsx22xxx2xE7ZBauxOhPsjj2wR/Zk3VvP1ov1+jVasqY7W+wHrLdPZEegEw==</latexit>

m2
✓1,2 =

g2v22
2

<latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="5dISIu40J5i4UUQmNdHUCHlqRrQ=">AAACGXicbVC7SgRBEOz17fk6NTQZPAQDOXYXQRPh0MRQwVPhHkvv2HcOzj6Y6RVk2S/wE/wKU43MxNTIwH9xbzXwVVFR1U13VZhqZdl135yx8YnJqemZ2drc/MLiUn155dQmmZHUlolOzHmIlrSKqc2KNZ2nhjAKNZ2FVwcj/+yajFVJfMI3KfUiHMZqoCRyKQX1jajvB3mXL4kxyL0tvyj2ugODMh/2/evA7/tF7hdBveE23QriL/G+SKPVhApHQf29e5HILKKYpUZrO56bci9Hw0pqKmrdzFKK8gqH1ClpjBHZXl7FKcRGZpETkZIRSotKpO8bOUbW3kRhORkhX9rf3kj8z+tkPNjt5SpOM6ZYjg6x0lQdstKosicSF8oQM44+J6FiIdEgMxklUMpSzMriamUf3u/0f8mp3/RKfrzdaO1/FgMzsAbrsAke7EALDuEI2iDhFu7hAR6dO+fJeXZePkfHnK+dVfgB5/UDNMqgoQ==</latexit><latexit sha1_base64="p0d4iG2peaDdM4S6nxfj51fRbHc=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFRoMi2kKBBQtBQBokAUuxY68smOeX80N06ErL8BXwCX0ELFR2ipaLgX3BCCl5TjWZ2tTsTpkoasu13a2Z2bn5hsbJUXV5ZXVuvbWxemSTTAlsiUYm+CcGgkjG2SJLCm1QjRKHC63B4NvavR6iNTOJLuk3Rj6Afy54UQKUU1HajjhvkHg2QIMidfbcojr2eBpH3O+4ocDtukbtFUKvbDXsC/pc4U1JnUzSD2ofXTUQWYUxCgTFtx07Jz0GTFAqLqpcZTEEMoY/tksYQofHzSZyC72YGKOEpai4Vn4j4fSOHyJjbKCwnI6CB+e2Nxf+8dka9Iz+XcZoRxmJ8iKTCySEjtCx7Qt6VGolg/DlyGXMBGohQSw5ClGJWFlct+3B+p/9LrtyGU/KLg/rJ6bSZCttmO2yPOeyQnbBz1mQtJtgde2CP7Mm6t56tF+v1a3TGmu5ssR+w3j4BmqegMw==</latexit>

M2
✓3,8 =

g2v23
2

(✓8, ✓3)
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3 � 1p

3
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!✓
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◆

<latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="wWd8Mo1cgTNbK9gUPcAJzClNCX4=">AAAC8nichVJLixNBEO4ZX2t8RT16aQwuEdaQmSyYixD04kVYwewupJOhp1NJmu3pGbtrFkIzf8CrnryJV/+QB/+K2JOMqLsB6/TVV6+vqystlLTY738PwitXr12/sXezdev2nbv32vcfHNu8NALGIle5OU25BSU1jFGigtPCAM9SBSfp2as6fnIOxspcv8N1AdOML7VcSMHRU0n755tZnDiGK0CeuMHBsKpetNjCcOGWs/g8Gc ziysVVt8kYHtAGDZ4yBQvsshSWUjtuDF9XToiqqT6s3KCi+/TZ1o0qx+x7g56sGBRWqlzPYsrYfxL26R+nxUDPm0nMyOUKd2vwEhq1df/feumO8lbS7vR7/Y3RyyBqQGfUIxs7Sto/2DwXZQYaheLWTqJ+gVPfFaVQ4CeXFgouzvgSJh5qnoGdus0/VfRJaTnmtABDpaIbEv6ucDyzdp2lPjPjuLIXYzW5KzYpcTGcOqmLEkGLehBKBZtBVhjpDwDoXBpA5LVyoFJTwQ1HBCMpF8KTpb+Ieh/RxddfBsdxL/L47WFn9HK7GLJHHpHHpEsi8pyMyGtyRMZEBPPgQ/Ax+BRi+Dn8En7dpoZBU/OQ/GPht1/XBfAM</latexit><latexit sha1_base64="3hDfbxaUQj5gFh1XrTRp5Doyzeo=">AAAC8nichVJLbxMxEPYurxJeAY5cLCKqIJUqu6lELkgVXLggFYm0leJk5XUmiVWvd7FnK0WW/wBXOHFDXPlDHPgrCG+6CGgrMadvvnl9Hk9eKWlxMPgexVeuXrt+Y+tm59btO3fvde8/OLRlbQSMRalKc5xzC0pqGKNEBceVAV7kCo7yk1dN/OgUjJWlfofrCqYFX2q5kIJjoLLuzzezNHMMV4A8c8OdkfcvOmxhuHDLWXqaDW epd6nvtxmjHdqi4VOmYIF9lsNSaseN4WvvhPBt9Z53Q0+36bMzN/GO2fcGA+kZVFaqUs9Syth/ErbpH6fDQM/bSczI5Qov1xAktGqb/r/10kvKO1m3N9gdbIxeBEkLeqS1g6z7g81LURegUShu7SQZVDgNXVEKBWFybaHi4oQvYRKg5gXYqdv8k6dPasuxpBUYKhXdkPB3heOFtesiD5kFx5U9H2vIy2KTGhejqZO6qhG0aAahVLAZZIWR4QCAzqUBRN4oByo1FdxwRDCSciECWYeLaPaRnH/9RXCY7iYBv93r7b9sN7NFHpHHpE8S8pzsk9fkgIyJiObRh+hj9CnG+HP8Jf56lhpHbc1D8o/F334BPPHvng==</latexit>

M2
✓3,8 =

g2

2
(✓8, ✓3)
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3 � 1p

3
v22

� 1p
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!✓
✓8
✓3

◆

<latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="UjM2Be23Gxuf9xIJBeDtwGl8HcQ="></latexit><latexit sha1_base64="EF8pj8/upjjrPRjaHVq9B5qcKUI="></latexit>

1) 2)

v2 & ?
<latexit sha1_base64="OQ9cCPbfvThqb8Hxzl4R7J+i+R8=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkQgqsiOkKAjgoYySOQhxVF0vmzCKXe2dbeOCFZ+gK+ghYoO0fIXFPwLtkkBgalGM7Pa3fEjKQw6zodVWFhcWl4prpbW1jc2t+ztnaYJY82hwUMZ6rbPDEgRQAMFSmhHGpjyJbT80WXmt8agjQiDG5xE0FVsGIiB4AxTqWfvHY17VW+IaUJRT/nhXXI+7dllp+LkoH+JOyNlMkO9Z396/ZDHCgLkkhnTcZ0IuwnTKLiEacmLDUSMj9gQOikNmALTTfLrp/QwNgxDGoGmQtJchJ8TCVPGTJSfJhXDWzPvZeJ/XifGwVk3EUEUIwQ8W4RCQr7IcC3SWoD2hQZEll0OVASUM80QQQvKOE/FOO2plPbhzn//lzSrFdepuNcn5drFrJki2ScH5Ji45JTUyBWpkwbh5J48kifybD1YL9ar9fYdLVizmV3yC9b7FwYWmYA=</latexit><latexit sha1_base64="OQ9cCPbfvThqb8Hxzl4R7J+i+R8=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkQgqsiOkKAjgoYySOQhxVF0vmzCKXe2dbeOCFZ+gK+ghYoO0fIXFPwLtkkBgalGM7Pa3fEjKQw6zodVWFhcWl4prpbW1jc2t+ztnaYJY82hwUMZ6rbPDEgRQAMFSmhHGpjyJbT80WXmt8agjQiDG5xE0FVsGIiB4AxTqWfvHY17VW+IaUJRT/nhXXI+7dllp+LkoH+JOyNlMkO9Z396/ZDHCgLkkhnTcZ0IuwnTKLiEacmLDUSMj9gQOikNmALTTfLrp/QwNgxDGoGmQtJchJ8TCVPGTJSfJhXDWzPvZeJ/XifGwVk3EUEUIwQ8W4RCQr7IcC3SWoD2hQZEll0OVASUM80QQQvKOE/FOO2plPbhzn//lzSrFdepuNcn5drFrJki2ScH5Ji45JTUyBWpkwbh5J48kifybD1YL9ar9fYdLVizmV3yC9b7FwYWmYA=</latexit><latexit sha1_base64="OQ9cCPbfvThqb8Hxzl4R7J+i+R8=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkQgqsiOkKAjgoYySOQhxVF0vmzCKXe2dbeOCFZ+gK+ghYoO0fIXFPwLtkkBgalGM7Pa3fEjKQw6zodVWFhcWl4prpbW1jc2t+ztnaYJY82hwUMZ6rbPDEgRQAMFSmhHGpjyJbT80WXmt8agjQiDG5xE0FVsGIiB4AxTqWfvHY17VW+IaUJRT/nhXXI+7dllp+LkoH+JOyNlMkO9Z396/ZDHCgLkkhnTcZ0IuwnTKLiEacmLDUSMj9gQOikNmALTTfLrp/QwNgxDGoGmQtJchJ8TCVPGTJSfJhXDWzPvZeJ/XifGwVk3EUEUIwQ8W4RCQr7IcC3SWoD2hQZEll0OVASUM80QQQvKOE/FOO2plPbhzn//lzSrFdepuNcn5drFrJki2ScH5Ji45JTUyBWpkwbh5J48kifybD1YL9ar9fYdLVizmV3yC9b7FwYWmYA=</latexit><latexit sha1_base64="OQ9cCPbfvThqb8Hxzl4R7J+i+R8=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkQgqsiOkKAjgoYySOQhxVF0vmzCKXe2dbeOCFZ+gK+ghYoO0fIXFPwLtkkBgalGM7Pa3fEjKQw6zodVWFhcWl4prpbW1jc2t+ztnaYJY82hwUMZ6rbPDEgRQAMFSmhHGpjyJbT80WXmt8agjQiDG5xE0FVsGIiB4AxTqWfvHY17VW+IaUJRT/nhXXI+7dllp+LkoH+JOyNlMkO9Z396/ZDHCgLkkhnTcZ0IuwnTKLiEacmLDUSMj9gQOikNmALTTfLrp/QwNgxDGoGmQtJchJ8TCVPGTJSfJhXDWzPvZeJ/XifGwVk3EUEUIwQ8W4RCQr7IcC3SWoD2hQZEll0OVASUM80QQQvKOE/FOO2plPbhzn//lzSrFdepuNcn5drFrJki2ScH5Ji45JTUyBWpkwbh5J48kifybD1YL9ar9fYdLVizmV3yC9b7FwYWmYA=</latexit>



FLAVOR CHANGING NEUTRAL CURRENTS
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<latexit sha1_base64="2x7Gk7p60cotA8YOXEgIbWGP8bY="></latexit><latexit sha1_base64="2x7Gk7p60cotA8YOXEgIbWGP8bY="></latexit><latexit sha1_base64="2x7Gk7p60cotA8YOXEgIbWGP8bY="></latexit><latexit sha1_base64="22Fs0Dh5oKqeHMCw3uzyST1XbSs="></latexit>
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e
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R
<latexit sha1_base64="muSipYdGhWPnJleq9YxyVGyAxLE="></latexit><latexit sha1_base64="muSipYdGhWPnJleq9YxyVGyAxLE="></latexit><latexit sha1_base64="muSipYdGhWPnJleq9YxyVGyAxLE="></latexit><latexit sha1_base64="L2+eZq6I31yq6tTAkpU8jefdIp0="></latexit>

BUT FLAVOR CHANGING CAN ALWAYS BE CONTROLLED!

• Yukawa couplings, and photon/Z couplings (V †V = 1), are diagonal in

mass basis: no flavour changing neutral currents at tree level in
the SM.

Here in principle:
<latexit sha1_base64="VPwnLszBunRi6Rjtnbwd/1opHJ8="></latexit>



FLAVOR CHANGING NEUTRAL CURRENTS
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<latexit sha1_base64="gQGCXzO+53yll/LzJQ6dUdL1mgo="></latexit><latexit sha1_base64="gQGCXzO+53yll/LzJQ6dUdL1mgo="></latexit><latexit sha1_base64="gQGCXzO+53yll/LzJQ6dUdL1mgo="></latexit><latexit sha1_base64="OtYamZK9ldCv1cdfCHYPKrH+gMQ="></latexit>

In SU(2)e gauge symmetry limit (v3 � v2):

• SU(2)e gauge bosons have equal masses;

• there are no FCNC thanks to CUSTODIAL SYMMETRY, no matter
if two families are mixed:
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NO MIXING WITH 3rd FAMILY �! NO FCNC.

• Then constraints on masses are proportional to violation of custodial sym-
metry (corrections of order ✏ = v2/v3):

<latexit sha1_base64="jTalqQ64vjDbaSzzbRlAjp2C6sg="></latexit>



FCNC & COMPOSITENESS LIMITS
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<latexit sha1_base64="umltm8eMu2PVWOS/iXQnLm59av4="></latexit>
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µfR
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<latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="7p0632vGHtAiEWZ28Bmfkyhp6Ro="></latexit>

⇤�
RR(eeee) > 10.2TeV

⇤�
RR(eeµµ) > 9.1TeV

⇤�
RR(ee⌧⌧) > 5.5TeV

<latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="TqaOiv/+H9axF/5B+pMNBbZSGV0="></latexit>

v3 > 40TeV
<latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="nnojdyYew3fWb/rV7h5xLwDouoM=">AAACBnicbVC7TsNAEDyHVwgvE0qaExESVWRDJKhQBA1lkPKSEis6XzbhlPNDd+sokZWer6CFig7R8hsU/Au2cQEJU41mdrWz44ZSaLSsT6Owtr6xuVXcLu3s7u0fmIfltg4ixaHFAxmorss0SOFDCwVK6IYKmOdK6LiT29TvTEFpEfhNnIfgeGzsi5HgDBNpYJang4vrmkX7CDOMm9BelAZmxapaGegqsXNSITkaA/OrPwx45IGPXDKte7YVohMzhYJLWJT6kYaQ8QkbQy+hPvNAO3GWfUFPI80woCEoKiTNRPi9ETNP67nnJpMewwe97KXif14vwtGVEws/jBB8nh5CISE7pLkSSSlAh0IBIkuTAxU+5UwxRFCCMs4TMUpaSvuwl79fJe3zqp3w+1qlfpM3UyTH5IScEZtckjq5Iw3SIpzMyBN5Ji/Go/FqvBnvP6MFI985In9gfHwDP5+X4A==</latexit>

Compositeness limits:

v2 > 2TeV
<latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="NGHbBkPVtI5qOHMY51Bn8u6etIY=">AAACB3icbVC7TsNAEDzzDOEVSElzIkKiQJEdIUGFImgog5SXFFvW+bIJp5wfultHRFY+gK+ghYoO0fIZFPwLtnEBCVONZna1s+NFUmg0zU9jZXVtfWOztFXe3tnd268cHHZ1GCsOHR7KUPU9pkGKADooUEI/UsB8T0LPm9xkfm8KSoswaOMsAsdn40CMBGeYSm6lOnUbVw1qn9kID5i0oTsvu5WaWTdz0GViFaRGCrTcypc9DHnsQ4BcMq0HlhmhkzCFgkuYl+1YQ8T4hI1hkNKA+aCdJA8/pyexZhjSCBQVkuYi/N5ImK/1zPfSSZ/hvV70MvE/bxDj6NJJRBDFCAHPDqGQkB/SXIm0FaBDoQCRZcmBioByphgiKEEZ56kYpzVlfViL3y+TbqNupfzuvNa8LpopkSNyTE6JRS5Ik9ySFukQTmbkiTyTF+PReDXejPef0RWj2KmSPzA+vgHuzJg/</latexit>



LEFT-HANDED LEPTONS

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>
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<latexit sha1_base64="4NwSwbXwisZM1PPZZVLpRg/NTR8="></latexit>



LEFT-HANDED LEPTONS

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>
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<latexit sha1_base64="4NwSwbXwisZM1PPZZVLpRg/NTR8="></latexit>

Muon decay from : Le⌫
e↵ = � 2GHp
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<latexit sha1_base64="z4WRHqnT6s6TsMnwfklGGOsUuko="></latexit>

v2` = u2
1 + u2

2
<latexit sha1_base64="FXYAyADlIB3RRKbhTs3hhzSulm0=">AAACDXicbVDJSgNBEK1xjXGLehIvjUEQhDAzCnoRgl48RjALZBl62lIbexa6qwMSxE/wK7zqyZt49Rs8+C/OTDy4vdPjvSqq3gtTJQ257rszMTk1PTNbmivPLywuLVdWVlsmsVpgUyQq0Z2QG1QyxiZJUthJNfIoVNgOr49zvz1EbWQSn9FNiv2IX8byQgpOmRRU1odBD5Ua+Ic28Ab+jg38gV/OEVSqbs0twP4S74tU6zUo0AgqH73zRNgIYxKKG9P13JT6I65JCoW35Z41mHJxzS+xm9GYR2j6oyLCLduyhlPCUtRMKlaI+H1jxCNjbqIwm4w4XZnfXi7+53UtXRz0RzJOLWEs8kMkFRaHjNAy6wbZudRIxPPPkcmYCa45EWrJuBCZaLOy8j683+n/kpZf83Zr/uletX40LgZKsAGbsA0e7EMdTqABTRBwBw/wCE/OvfPsvDiv49EJ52tnDX7AefsESUiZXw==</latexit>



LEFT-HANDED LEPTONS
• But also:

L⌫⌫
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• Constraint comes from compositeness limits:

v` > 3TeV
<latexit sha1_base64="LZvyuJQu+SLsYi8Awz7KuWVZU1k="></latexit>
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<latexit sha1_base64="Ij+jeook9pIWj0kgmzbm3jH4GEk="></latexit>

FCNC?
<latexit sha1_base64="5i7Q6AsTC++oAQvLmmzorAJ0NUA=">AAAB+nicbVDLTgJBEOzFF64v1KOXicTEE9nFg94kkhhPBhN5JEDI7NDghNlHZnpNCPITXvXkzXj1Zzz4L+4uHBSsU6WqO11dXqSkIcf5snIrq2vrG/lNe2t7Z3evsH/QMGGsBdZFqELd8rhBJQOskySFrUgj9z2FTW9UTf3mI2ojw+CexhF2fT4M5EAKTonUuq7eVi9t2+4Vik7JycCWiTsnxUoJMtR6he9OPxSxjwEJxY1pu05E3QnXJIXCqd2JDUZcjPgQ2wkNuI+mO8nyTtlJbDiFLELNpGKZiL83Jtw3Zux7yaTP6cEseqn4n9eOaXDRncggigkDkR4iqTA7ZISWSRHI+lIjEU+TI5MBE1xzItSScSESMU6aSftwF79fJo1yyT0rle/KxcrVrBjIwxEcwym4cA4VuIEa1EGAgmd4gVfryXqz3q2P2WjOmu8cwh9Ynz+4hZM2</latexit>



LEFT-HANDED LEPTONS

Considering SU(3)` gauge symmetry, if a symmetry between flavons ⌘

holds and
u3 = u2 = u1

then

• Gauge bosons have equal masses

• They do not mix, �a ! V
†
�aV is simply a basis redetermination of the

Gell-Mann matrices

• From Fierz identities for � matrices:

Leff = � 1

4v2`
(eL �

a
�
µeL)(eL �

a
�µeL) = � 1

3v22
(eL I �µeL)2

That is no FCNC, the global SO(8)` symmetry acts as a custodial symmetry.
<latexit sha1_base64="3SqtfS2fJmrFimSIZAEFAMyPkjI="></latexit>



LEFT-HANDED LEPTONS

• In general case e.g. µ ! 3e decay:

�(µ ! eeē)

�(µ ! e⌫µ⌫̄e)
' 1

8
(�µC(r)|U⇤

3eU3µ|)2

r = 2u2
3/v

2
` , |C(r)| < 1. |U3µ| and |U3e| can be almost as large as sin ✓C =

Vus.

• The experimental limits on other LFV e↵ects as e.g. ⌧ ! 3µ are much
weaker.

• Also in this case v` ' 6 TeV fullfill experimental constraints.
<latexit sha1_base64="MjTAE+XMtWr6UvROJ8Ok47+IsVs="></latexit>



CONCLUSIONS
• 4.3� deviation from CKM unitarity after present theoretical and experi-

mental indipendent determinations of CKM first row.

• Forth vector-like couple of isosinglets is a possible solution, but with sum

unnatural features.

• New operator in positive interference with SM can be a solution.

• The new operator can be related to a gauge flavor symmetry, which also

leads to understanding of mass hierarchy among families and mixing angles

(analogous analysis can be done for quarks).

• Horizontal gauge bosons can be as light as few TeV, without contradic-

tion with the experimental limits (flavour changing processes with leptons,

compositeness limits, K-mesons system, B-mesons-system, etc.).

• In order to cancel SU(3)
3
anomalies an interesting possibility is to intro-

duce the mirror twins. Mirror matter is a candidate for dark matter.

• The flavor gauge bosons are messengers between the two sectors and so

not only they are a portal for direct detection, but also they can mediate

new phenomena such as muonium disappearance (conversion into mirror

muonium), kaon disappearance, pion disappearance.
<latexit sha1_base64="6AFVecDr/EZHrfBZbPQ4OJ/jlhw="></latexit>



backup



BACKUP

CKM 3 CKM 4 CKM+F
C 0.22780(60) 0.22443(61) 0.22460(61)

B 0.22535(45) 0.22518(45) 0.22535(45)

A 0.22333(60) 0.22333(60) 0.22350(60)

A+B 0.22463(36) 0.0.22452(36) 0.22469(36)

A+B + C 0.22546(31) 0.22449(31) 0.22467(31)
�2 = 27.71 �2 = 6.1 �2 = 6.1

<latexit sha1_base64="4HGvm3oRxfIjKjvtcMV3IBFLxrc=">AAAEWHicfVNba9swFFbdbG2zS9PucS9iyUpGmPE1SR8GaQJjMAYdLG0hzoKsqImob0jyoBj/wf2DDfYf9ro9TbbjXJp2erDO95378ZEbeZQLTfuxo+xWHj3e2z+oPnn67Plh7ej4gocxw2SIQy9kVy7ixKMBGQoqPHIVMYJ81yOX7s0g019+I4zTMPgibiMy9tEsoNcUIyGpyZGCHZfMaJAIJF3S6grFHmJpgiHGWNLzLEF5nc </latexit>



TRIANGLE ANOMALIES

SU(3)` ⇥ SU(3)e ⇥ SU(3)Q ⇥ SU(3)u ⇥ SU(3)d
<latexit sha1_base64="1DAsjZtqxZCP98UjMlojFgcy2Wc=">AAACN3icbVA7TwJBEJ7zifhCLW02EhNsyB2YaEmksYQojwQI2VsG3LD3yO6cCSH8IH+Cv8JWCmNnbP0HHgeFgFN9j5nMzOeGShqy7am1sbm1vbOb2kvvHxweHWdOTusmiLTAmghUoJsuN6ikjzWSpLAZauSeq7DhDsszv/GM2sjAf6RRiB2PD3zZl4JTLHUz5YdarnjVbaNSbZIeGjYXcIlVl1iUXqK9biZr5+2k2DpwFiBbykNSlW7mo90LROShT0JxY1qOHVJnzDVJoXCSbkcGQy6GfICtGPo8XtYZJ89O2GVkOAUsRM2kYomIfyfG3DNm5Llxp8fpyax6M/E/rxVR/7Yzln4YEfpitoikwmSREVrGKSLrSY1EfHY5MukzwTUnQi0ZFyIWozjWdJyHs/r9OqgX8k4xX6heZ0t382AgBedwATlw4AZKcA8VqIGAF3iDd5har9an9WV9z1s3rMXMGSyV9fMLnhSpoQ==</latexit>

`L ⇠ 3`, eR ⇠ 3e, QL ⇠ 3Q, uR ⇠ 3u, dR ⇠ 3d
<latexit sha1_base64="6qcmcKQg+4D6H7F8GdcfPDtHnFM="></latexit>

• In order to cancel SU(3)3 anomalies for each triplet another triplet (SM
singlet) with opposite chirality is needed.

• An interesting possibility is to introduce the mirror twins with oppo-
site chirality and analogous representation of mirror SM gauge symmetry
SU(3)0 ⇥ SU(2)0 ⇥ U(1)0:

`0R ⇠ 3`, e
0
L ⇠ 3e, Q

0
R ⇠ 3Q, u

0
L ⇠ 3u, d

0
L ⇠ 3d

• Couplings with flavons:

gin⇠↵n
M

(�`LieR↵ + �0`0Rie
0
L↵) + h.c.

<latexit sha1_base64="KcYS6B7hZ7/wo3JaFE1guk6aKFY="></latexit>



TRIANGLE ANOMALIES 2
• As an example, for SU(3)e, mixed triangle anomaly U(1)⇥ SU(3)2e must

be cancelled. New leptons

EL↵ ⇠ (1,�2, 3e;X), ERi ⇠ (1,�2, 1;X)

and for mirror parity

E 0
R↵ ⇠ (1,�20, 3e;X), E 0

Li ⇠ (1,�20, 1;X)

cancel the mixed triangle

U(1)⇥ SU(3)2e, U(1)X ⇥ SU(3)2e, U(1)⇥ U(1)2X , U(1)X ⇥ U(1)2

• Masses from Yukawa couplings

yin⇠
↵
nERiEL↵ + yin⇠

↵
nELi

0E 0
R↵ + h.c.

• The lightest has mass O(100) GeV. If U(1)X is unbroken, then it is stable.
Current experimental lower limit on charged new leptons is 102.6 GeV.

<latexit sha1_base64="wgGB0hB2O9K9kMH5bfs+T2N/QCo="></latexit>



COSMOLOGICAL IMPLICATIONS

• Mirror matter is a viable candidate for light dark matter dominantly con-

sisting of mirror helium and hydrogen atoms.

• The flavor gauge bosons are messengers between the two sectors and so a

portal for direct detection.

• T 0/T < 0.2÷ 0.3 from CMB and large scale structures.

• Freeze-out temperature of horizontal interactions between the two sectors

should not exceed Td ' (v2/2)
4
3 ⇥ 130 MeV. Or v0EW � vEW.

• For neutrinos

Y ij
⌫

M (��lTLiClLj + �0�0l
0T
RiCl0Rj) +

Ỹ ij
⌫

M ��0lLil
0
Rj + h.c.

the last operator gives COLEPTOGENESIS.
<latexit sha1_base64="hQIfDLHjIZTA2AP/T8Tx9HW6epQ="></latexit>



EFFECTIVE OPERATORS FOR FERMION MASSES

L =
�u

MU
Xij

u �̄ūjqi +
�d

MD
Xi↵

d �d̄↵qi +
�e

ME
X�k

e �ēkl� + �⌫M�1
↵� �̄�̄l↵l� + h.c.

<latexit sha1_base64="7mj9VSQ3W29K53o72o/wmZKHf2Q="></latexit><latexit sha1_base64="7mj9VSQ3W29K53o72o/wmZKHf2Q="></latexit><latexit sha1_base64="7mj9VSQ3W29K53o72o/wmZKHf2Q="></latexit><latexit sha1_base64="q13/oevX6X7lWhejK9gV17htToY="></latexit>

`↵ Ec↵ E↵ eci

' ⌃ X↵i

` ec
1

h⌃i

' hXi

`↵ N c↵ N↵ N� N c� `�

MN MN

'̃ S↵� '̃

` `
hSi
M2

N

'̃ '̃

X�k
e ⇠ (3̄l, 3̄e) Xi↵

d ⇠ (3̄q, 3̄d) Xij
u ⇠ (3̄q, 3̄u)

<latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="fiZuVrtdfWDhtUFebCe3kSxI4LI="></latexit><latexit sha1_base64="1RYNbByib/EN6Nb7qzKVC2oxNSI="></latexit>

S↵� ⇠ 6l
<latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="uqZIXyp4JT9HQ2uFNJOZFckLJV0=">AAACDXicbVC7TsNAEFzzJrwCVIjmRIREFdkIAWUEDSUIQiLFkbW+LHDi/NDdGglZEZ/AV9BCRYdo+QYK/gXbUABhqtHMrnZnwlQry6777oyNT0xOTc/M1ubmFxaX6ssr5zbJjKS2THRiuiFa0iqmNivW1E0NYRRq6oTXh6XfuSFjVRKf8W1K/QgvY3WhJHIhBfW10yD3UadX6IfEOPStisRuoGu1oN5wm24FMUq8b9JoNaHCcVD/8AeJzCKKWWq0tue5KfdzNKykpmHNzyylKK/xknoFjTEi28+rCEOxmVnkRKRkhNKiEunnRo6RtbdRWExGyFf2r1eK/3m9jC/2+7mK04wpluUhVpqqQ1YaVXRDYqAMMWP5OQkVC4kGmckogVIWYlaUVfbh/U0/Ss63m17BT3YarYOvYmAG1mEDtsCDPWjBERxDGyTcwQM8wpNz7zw7L87r1+iY872zCr/gvH0CoGybdg==</latexit><latexit sha1_base64="0dQ5k7dUPrrd2HSPLZUzciBTGbg=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGCCgjaCiDIA8pjqz1ZZOccn7obo0UWRGfwFfQQkWHaPkGCv4FO6SAhKlGM7vanfFjJQ3Z9qe1sLi0vLJaWCuub2xubZd2dhsmSrTAuohUpFs+GFQyxDpJUtiKNULgK2z6w6vcb96jNjIK72gUYyeAfih7UgBlklfav/VSF1Q8ANdHgrFrZMDPPFUseqWyXbEn4PPEmZIym6Lmlb7cbiSSAEMSCoxpO3ZMnRQ0SaFwXHQTgzGIIfSxndEQAjSddBJhzI8SAxTxGDWXik9E/L2RQmDMKPCzyQBoYGa9XPzPayfUu+ikMowTwlDkh0gqnBwyQsusG+RdqZEI8s+Ry5AL0ECEWnIQIhOTrKy8D2c2/TxpnFScjN+clquX02YK7IAdsmPmsHNWZdesxupMsAf2xJ7Zi/VovVpv1vvP6II13dljf2B9fAMGWJsI</latexit>



SSB

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>

SU(3)l
u3�! SU(2)l

u2�! nothing
<latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="y8nm+oHGs+PV2vc+nHY/2OGQIZk="></latexit>

SU(3)e
v3�! SU(2)e

v2�! nothing
<latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="h8I41D6ASfCAXZ4NtNMrUNzf/Wk="></latexit>

⌘↵(n) ⇠ 3̄l
<latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="WkbzOvRVUg+cG5tLuqMzMOfvwFU="></latexit><latexit sha1_base64="8lpLDmjiCcOvxBtpK0+5c68F17k=">AAACGnicbVC7TsNAEDzzxrwClDQnIhA0yAYkKBE0lCCRBCkO1vqyIaecz9bdGglZ/gM+ga+ghYoO0dJQ8C/YIQWvqUYzu9qdiVIlLXneuzM2PjE5NT0z687NLywu1ZZXmjbJjMCGSFRiLiOwqKTGBklSeJkahDhS2IoGJ5XfukFjZaIv6DbFTgzXWvakACqlsLYZIMFVHoBK+1CE+ZbeLnhgZcyDCEy+V4SKu64b1urejjcE/0v8EamzEc7C2kfQTUQWoyahwNq276XUycGQFAoLN8gspiAGcI3tkmqI0XbyYZ6Cb2QWKOEpGi4VH4r4fSOH2NrbOConY6C+/e1V4n9eO6PeYSeXOs0ItagOkVQ4PGSFkWVRyLvSIBFUnyOXmgswQIRGchCiFLOyuaoP/3f6v6S5u+OX/Hy/fnQ8amaGrbF1tsV8dsCO2Ck7Yw0m2B17YI/sybl3np0X5/VrdMwZ7ayyH3DePgEH8p+6</latexit>

⇠i(n) ⇠ 3̄e
<latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="yMEK+0eIFPR62n8T2LOBJJXX/BY=">AAACEnicbVC7TtxQEB0TXlleS1JGiq6yQoJmZQMSlCvSpAQpC0jrxRpfBhhxfW3dO46CrO34BL6CNqnSRWn5AQr+JbahCJBTHZ0zo5lz0sKwlzC8D6beTM/Mzs2/7SwsLi2vdFffHfq8dJqGOje5O07Rk2FLQ2ExdFw4wiw1dJRefm78o2/kPOf2q1wVNM7w3PIZa5RaSrof4+98wkm1bjcmKvacqThFV21NEurUSLq9sB+2UK9J9ER6gz602E+6D/FprsuMrGiD3o+isJBxhU5YG5p04tJTgfoSz2lUU4sZ+XHV5piotdKj5Kogp9ioVqR/NyrMvL/K0noyQ7nwL71G/J83KuVsd1yxLUohq5tDwobaQ147rgsidcqORLD5nBRbpdGhCDlWqHUtlnVjTR/Ry/SvyeFmP6r5wXZvsPdYDMzDB/gE6xDBDgzgC+zDEDRcwy38gJ/BTfAr+B38eRydCp523sMzBHd/AbvpnHE=</latexit><latexit sha1_base64="Ow0QbM5IDBcbVSYSDy/3RjBvFdw=">AAACEnicbVC7SgRBEJz17fk6NRRk8BA0kV0VNBRNDBU8FW7PpXdstXF2dpnpFY/lMj/BrzDVyExM/QED/8Xd8wJfFRVV3XRXxZkmx77/7g0MDg2PjI6N1yYmp6Zn6rNzxy7NrcKmSnVqT2NwqMlgk4k1nmYWIYk1nsTXe5V/coPWUWqOuJNhO4FLQxekgEspqi+Gt3RGUbFiVrsydJTIMAZbbHQjrJWI6g1/ze9B/iVBnzREHwdR/SM8T1WeoGGlwblW4GfcLsAyKY3dWpg7zEBdwyW2SmogQdcuejm6cjl3wKnM0ErSsifi940CEuc6SVxOJsBX7rdXif95rZwvttsFmSxnNKo6xKSxd8gpS2VBKM/JIjNUn6MkIxVYYEZLEpQqxbxsrOoj+J3+LzleXwtKfrjZ2NntNzMmFsSSWBGB2BI7Yl8ciKZQ4k48iEfx5N17z96L9/o1OuD1d+bFD3hvnyHVnAM=</latexit>

h⇠(3)i =

0

@
0
0
v3

1

A h⇠(2)i =

0

@
0
v2
0

1

A h⇠(1)i =

0

@
v1
0
0

1

A

<latexit sha1_base64="xbRiiwq+9QNXoiPphVeDgRav1DA="></latexit><latexit sha1_base64="xbRiiwq+9QNXoiPphVeDgRav1DA="></latexit><latexit sha1_base64="xbRiiwq+9QNXoiPphVeDgRav1DA="></latexit><latexit sha1_base64="R7VJBd0NMkkaz/BynCp0c9Kyh9M="></latexit>

h⌘(3)i =

0

@
0
0
u3

1

A h⌘(2)i =

0

@
0
u2

0

1

A h⌘(1)i =

0

@
u1

0
0

1

A

<latexit sha1_base64="u4LZ0NoVRxHVDwNGeMKUZQXbocg="></latexit><latexit sha1_base64="u4LZ0NoVRxHVDwNGeMKUZQXbocg="></latexit><latexit sha1_base64="u4LZ0NoVRxHVDwNGeMKUZQXbocg="></latexit><latexit sha1_base64="kZdsbQG8KV0/4TrVaETqFSw3Pks="></latexit>

u3 : u2 : u1 = ✏2L : ✏L : 1 ✏L ' 1

2
� 1

3
<latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="RZqEeGrUywYGmGNajtkv3EdCg14="></latexit>

v3 : v2 : v1 = ✏2 : ✏ : 1 ✏ =
1

20
<latexit sha1_base64="QZvsutd3E5PAxCe44tULhBiOPNE="></latexit><latexit sha1_base64="QZvsutd3E5PAxCe44tULhBiOPNE="></latexit><latexit sha1_base64="QZvsutd3E5PAxCe44tULhBiOPNE="></latexit><latexit sha1_base64="AJBatSbuSQT2/FnY+5OFO3r5QLE="></latexit>

•inducing VEV to Xe and S via couplings

µ⇤
X⇠(l)X

†⌘(n) + h.c.
<latexit sha1_base64="gMseso2OXpa7WsOtOXrjdvInlJ4="></latexit><latexit sha1_base64="gMseso2OXpa7WsOtOXrjdvInlJ4="></latexit><latexit sha1_base64="gMseso2OXpa7WsOtOXrjdvInlJ4="></latexit><latexit sha1_base64="gMseso2OXpa7WsOtOXrjdvInlJ4="></latexit>

hXi ⇠ hX33i ·

0

@
O(✏2✏2L) O(✏✏2L) O(✏2L)
O(✏2✏L) O(✏✏L) O(✏L)
O(✏2) O(✏) O(1)

1

A

<latexit sha1_base64="ogw5FmQ2kR99FS3O9a0Lti+04uA="></latexit><latexit sha1_base64="ogw5FmQ2kR99FS3O9a0Lti+04uA="></latexit><latexit sha1_base64="ogw5FmQ2kR99FS3O9a0Lti+04uA="></latexit><latexit sha1_base64="ZfYIA4cPmln6lwCRTgrnHnM0hlQ="></latexit>



FERMION MASSES

SU(3)l ⇥ SU(3)e
<latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="rCsOaFGxoQ6SV8lkkPbKOX69XTY=">AAACC3icbVC7TgJBFL2LL8TXqoWFzURigg3ZVRMtiTaWGOWRACGzwwUnzD4yc9eEED7Br7DVys7Y+hEW/ou7C4WCpzpzzr05c48XKWnIcb6s3NLyyupafr2wsbm1vWPv7tVNGGuBNRGqUDc9blDJAGskSWEz0sh9T2HDG16nfuMRtZFhcE+jCDs+HwSyLwWnROraB3e10tlJV7E2SR8Nmz6x0LWLTtnJwBaJOyPFShkyVLv2d7sXitjHgITixrRcJ6LOmGuSQuGk0I4NRlwM+QBbCQ14ktYZZwdM2HFsOIUsQs2kYpmIvzfG3Ddm5HvJpM/pwcx7qfif14qpf9kZyyCKCQORBpFUmAUZoWXSDLKe1EjE058jkwETXHMi1JJxIRIxTqpK+3Dnr18k9dOym/Db82LlaloM5OEQjqAELlxABW6gCjUQMIFneIFX68l6s96tj+lozprt7MMfWJ8/xVKZMw==</latexit><latexit sha1_base64="RHTljLZE/W9Y6NLseWk4S0nho2s=">AAACC3icbVC7TsNAEDyHVwgvAwUFzYkIKTSRDUhQRtBQBoGTSIkVnS+bcMr5obs1UmTlE/gKWqjoEC0fQcG/YDsuIGGquZldze14kRQaLevLKC0tr6yuldcrG5tb2zvm7l5Lh7Hi4PBQhqrjMQ1SBOCgQAmdSAHzPQltb3yd+e1HUFqEwT1OInB9NgrEUHCGqdQ3D+6c2tlJX9IeCh80nT2h0jerVt3KQReJXZAqKdDsm9+9QchjHwLkkmndta0I3YQpFFzCtNKLNUSMj9kIuikNWJrmJvkBU3oca4YhjUBRIWkuwu+NhPlaT3wvnfQZPuh5LxP/87oxDi/dRARRjBDwLAiFhDxIcyXSZoAOhAJElv0cqAgoZ4ohghKUcZ6KcVpV1oc9f/0iaZ3W7ZTfnlcbV0UzZXJIjkiN2OSCNMgNaRKHcDIlz+SFvBpPxpvxbnzMRktGsbNP/sD4/AErPpjF</latexit>

SU(3)l
u3�! SU(2)l

u2�! nothing
<latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="lNDSsvUhul+S7zBsiq86E/skfa4="></latexit><latexit sha1_base64="y8nm+oHGs+PV2vc+nHY/2OGQIZk="></latexit>

SU(3)e
v3�! SU(2)e

v2�! nothing
<latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="32jDsdiHF/7GdHrDWysJkcN5JzY="></latexit><latexit sha1_base64="h8I41D6ASfCAXZ4NtNMrUNzf/Wk="></latexit>

u3 : u2 : u1 = ✏2L : ✏L : 1 ✏L ' 1

2
� 1

3
<latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="kezVMAhRZzCZ/83fGWixZ7RZ+Ps="></latexit><latexit sha1_base64="RZqEeGrUywYGmGNajtkv3EdCg14="></latexit>

v3 : v2 : v1 = ✏2 : ✏ : 1
<latexit sha1_base64="ykJ8BHutuoeaI+6C8o/93ioFaEI=">AAACFXicbZA9SwNBEIbn/IzxK2ppsxoEq3AXBSUgBG0sFYwGknjsraMu7u0du3OBEFL7E/wVtlrZia21hf/FzRnBrxcWHt6ZYXbeKFXSku+/eWPjE5NT04WZ4uzc/MJiaWn51CaZEdgQiUpMM+IWldTYIEkKm6lBHkcKz6Kbg2H9rIvGykSfUC/FTsyvtLyUgpOzwtJaN9yqdcOqe8FeG1MrVaLPq7UvrAVhqexX/FzsLwQjKNcrkOsoLL23LxKRxahJKG5tK/BT6vS5ISkUDortzGLKxQ2/wpZDzWO0nX5+yoBtZJZTwlI0TCqWm/h9os9ja3tx5DpjTtf2d21o/ldrZXS52+lLnWaEWgwXkVSYL7LCSJcRsgtpkIgPf45Maia44URoJONCODNzoRVdHsHv6//CabUSOD7eLtf3P4OBAqzCOmxCADtQh0M4ggYIuIV7eIBH78578p69l8/WMW80swI/5L1+AGReno8=</latexit><latexit sha1_base64="ykJ8BHutuoeaI+6C8o/93ioFaEI=">AAACFXicbZA9SwNBEIbn/IzxK2ppsxoEq3AXBSUgBG0sFYwGknjsraMu7u0du3OBEFL7E/wVtlrZia21hf/FzRnBrxcWHt6ZYXbeKFXSku+/eWPjE5NT04WZ4uzc/MJiaWn51CaZEdgQiUpMM+IWldTYIEkKm6lBHkcKz6Kbg2H9rIvGykSfUC/FTsyvtLyUgpOzwtJaN9yqdcOqe8FeG1MrVaLPq7UvrAVhqexX/FzsLwQjKNcrkOsoLL23LxKRxahJKG5tK/BT6vS5ISkUDortzGLKxQ2/wpZDzWO0nX5+yoBtZJZTwlI0TCqWm/h9os9ja3tx5DpjTtf2d21o/ldrZXS52+lLnWaEWgwXkVSYL7LCSJcRsgtpkIgPf45Maia44URoJONCODNzoRVdHsHv6//CabUSOD7eLtf3P4OBAqzCOmxCADtQh0M4ggYIuIV7eIBH78578p69l8/WMW80swI/5L1+AGReno8=</latexit><latexit sha1_base64="ykJ8BHutuoeaI+6C8o/93ioFaEI=">AAACFXicbZA9SwNBEIbn/IzxK2ppsxoEq3AXBSUgBG0sFYwGknjsraMu7u0du3OBEFL7E/wVtlrZia21hf/FzRnBrxcWHt6ZYXbeKFXSku+/eWPjE5NT04WZ4uzc/MJiaWn51CaZEdgQiUpMM+IWldTYIEkKm6lBHkcKz6Kbg2H9rIvGykSfUC/FTsyvtLyUgpOzwtJaN9yqdcOqe8FeG1MrVaLPq7UvrAVhqexX/FzsLwQjKNcrkOsoLL23LxKRxahJKG5tK/BT6vS5ISkUDortzGLKxQ2/wpZDzWO0nX5+yoBtZJZTwlI0TCqWm/h9os9ja3tx5DpjTtf2d21o/ldrZXS52+lLnWaEWgwXkVSYL7LCSJcRsgtpkIgPf45Maia44URoJONCODNzoRVdHsHv6//CabUSOD7eLtf3P4OBAqzCOmxCADtQh0M4ggYIuIV7eIBH78578p69l8/WMW80swI/5L1+AGReno8=</latexit><latexit sha1_base64="a2pfXCIBQzHJPyuRd4euIpWiZQg=">AAACFXicbZA9SwNBEIb34leMX1FLm9UgWIW7KCgBIWhjGcF8QBKPvc0kLtnbO3bnAiGk9if4K2y1shNbawv/i5sYQRNfWHh4Z4bZeYNYCoOu++GkFhaXllfSq5m19Y3Nrez2TtVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB73Jcr/VBGxGpGxzE0ApZV4mO4Ayt5Wf3+/5xse8X7PPOmxAbISN1Wyj+YNHzszk3705E58GbQo5MVfazn812xJMQFHLJjGl4boytIdMouIRRppkYiBnvsS40LCoWgmkNJ6eM6GFiGEY0Bk2FpBMTfk8MWWjMIAxsZ8jwzszWxuZ/tUaCnbPWUKg4QVB8vAiFhMkiw7WwGQFtCw2IbPxzoEJRzjRDBC0o49yaiQ0tY/PwZq+fh2oh71m+PsmVLqbJpMkeOSBHxCOnpESuSJlUCCf35JE8kWfnwXlxXp2379aUM53ZJX/kvH8ByjueIQ==</latexit>

✏ =
1

20
<latexit sha1_base64="cRML+hK/DhbLrdgXS1hEYB1hVkI=">AAACCXicbVA9SwNBEJ3zM8avqFjZLAbBKtyJoI0QtLGMYKKQhDC3TnRxb+/YnRPCkV/gr7DVyk5s/RUW/hcvlxRqfNXjvRnmzQsTrRz7/qc3Mzs3v7BYWiovr6yurVc2NlsuTq2kpox1bK9DdKSVoSYr1nSdWMIo1HQV3p+N/KsHsk7F5pIHCXUjvDWqryRyLvUq2x1KnNKxOen0LcosGGYH/rBXqfo1v4CYJsGEVOs1KNDoVb46N7FMIzIsNTrXDvyEuxlaVlLTsNxJHSUo7/GW2jk1GJHrZkX8odhLHXIsErJCaVGI9HMjw8i5QRTmkxHynfvrjcT/vHbK/eNupkySMhk5OsRKU3HISavyXkjcKEvMOEpOQhkh0SIzWSVQylxM86LKeR/B3++nSeugFuT84rBaPx0XAyXYgV3YhwCOoA7n0IAmSMjgCZ7hxXv0Xr037308OuNNdrbgF7yPb6Vemn4=</latexit><latexit sha1_base64="cRML+hK/DhbLrdgXS1hEYB1hVkI=">AAACCXicbVA9SwNBEJ3zM8avqFjZLAbBKtyJoI0QtLGMYKKQhDC3TnRxb+/YnRPCkV/gr7DVyk5s/RUW/hcvlxRqfNXjvRnmzQsTrRz7/qc3Mzs3v7BYWiovr6yurVc2NlsuTq2kpox1bK9DdKSVoSYr1nSdWMIo1HQV3p+N/KsHsk7F5pIHCXUjvDWqryRyLvUq2x1KnNKxOen0LcosGGYH/rBXqfo1v4CYJsGEVOs1KNDoVb46N7FMIzIsNTrXDvyEuxlaVlLTsNxJHSUo7/GW2jk1GJHrZkX8odhLHXIsErJCaVGI9HMjw8i5QRTmkxHynfvrjcT/vHbK/eNupkySMhk5OsRKU3HISavyXkjcKEvMOEpOQhkh0SIzWSVQylxM86LKeR/B3++nSeugFuT84rBaPx0XAyXYgV3YhwCOoA7n0IAmSMjgCZ7hxXv0Xr037308OuNNdrbgF7yPb6Vemn4=</latexit><latexit sha1_base64="cRML+hK/DhbLrdgXS1hEYB1hVkI=">AAACCXicbVA9SwNBEJ3zM8avqFjZLAbBKtyJoI0QtLGMYKKQhDC3TnRxb+/YnRPCkV/gr7DVyk5s/RUW/hcvlxRqfNXjvRnmzQsTrRz7/qc3Mzs3v7BYWiovr6yurVc2NlsuTq2kpox1bK9DdKSVoSYr1nSdWMIo1HQV3p+N/KsHsk7F5pIHCXUjvDWqryRyLvUq2x1KnNKxOen0LcosGGYH/rBXqfo1v4CYJsGEVOs1KNDoVb46N7FMIzIsNTrXDvyEuxlaVlLTsNxJHSUo7/GW2jk1GJHrZkX8odhLHXIsErJCaVGI9HMjw8i5QRTmkxHynfvrjcT/vHbK/eNupkySMhk5OsRKU3HISavyXkjcKEvMOEpOQhkh0SIzWSVQylxM86LKeR/B3++nSeugFuT84rBaPx0XAyXYgV3YhwCOoA7n0IAmSMjgCZ7hxXv0Xr037308OuNNdrbgF7yPb6Vemn4=</latexit><latexit sha1_base64="zk4Ev7dd/Cy6JhKvZB2k7d4oCx0=">AAACCXicbVDLSgNBEJz1GeMrKp68DAbBU9gNgl6EoBePEcwDkhB6J504ZHZ2mekVwpIv8Cu86smbePUrPPgv7sY9aGKdiqpuurr8SElLrvvpLC2vrK6tFzaKm1vbO7ulvf2mDWMjsCFCFZq2DxaV1NggSQrbkUEIfIUtf3yd+a0HNFaG+o4mEfYCGGk5lAIolfqlwy5GVqpQX3aHBkTiTZOqO+2Xym7FnYEvEi8nZZaj3i99dQehiAPUJBRY2/HciHoJGJJC4bTYjS1GIMYwwk5KNQRoe8ks/pSfxBYo5BEaLhWfifh7I4HA2kngp5MB0L2d9zLxP68T0/Cil0gdxYRaZIdIKpwdssLItBfkA2mQCLLkyKXmAgwQoZEchEjFOC2qmPbhzX+/SJrVipfy27Ny7SpvpsCO2DE7ZR47ZzV2w+qswQRL2BN7Zi/Oo/PqvDnvP6NLTr5zwP7A+fgGC0qaEA==</latexit>

m
(e)† / hXei '

0

@
O(✏2) 0 0
O(✏2) O(✏) 0
O(✏2) O(✏) O(1)

1

A · |µX |v3u3

M2
X

<latexit sha1_base64="sOu8Khq3DXC3XI3D1qrF306CWIE="></latexit><latexit sha1_base64="sOu8Khq3DXC3XI3D1qrF306CWIE="></latexit><latexit sha1_base64="sOu8Khq3DXC3XI3D1qrF306CWIE="></latexit><latexit sha1_base64="QzKK+C2p4oaaAkU5Lfxn2p35SNI="></latexit>

V (e)†
L m(e)V (e)

R = m(e)
diag

<latexit sha1_base64="3/HnBwNBJaglB+ba6z6vYc1qE7I="></latexit><latexit sha1_base64="3/HnBwNBJaglB+ba6z6vYc1qE7I="></latexit><latexit sha1_base64="3/HnBwNBJaglB+ba6z6vYc1qE7I="></latexit><latexit sha1_base64="SOeiFEgy+jMLzn0kazsfXFVQPZA="></latexit>

0

@
e1

e2

e3

1

A

R

= V (e)
R

0

@
e
µ
⌧

1

A

R

=

0

@
V1e V1µ V1⌧

V2e V2µ V2⌧

V3e V3µ V3⌧

1

A
(e)

R

0

@
e
µ
⌧

1

A

R
<latexit sha1_base64="7YDFd7KOXK2iuuxQxWO/DY28Bo0="></latexit><latexit sha1_base64="7YDFd7KOXK2iuuxQxWO/DY28Bo0="></latexit><latexit sha1_base64="7YDFd7KOXK2iuuxQxWO/DY28Bo0="></latexit><latexit sha1_base64="AyLw67YQo8/F60P44E3D2MPnoic="></latexit>

eRm
(e)†eL = (eRV

(e)
R )(V (e)†

R m(e)†V (e)
L )(V (e)†

L eL)
<latexit sha1_base64="XZdQtpD+kH696jm/sxCajEhht8I="></latexit><latexit sha1_base64="XZdQtpD+kH696jm/sxCajEhht8I="></latexit><latexit sha1_base64="XZdQtpD+kH696jm/sxCajEhht8I="></latexit><latexit sha1_base64="fOS5SnKHqOUE2oJxEQk8Gz4RtAg="></latexit>

From Yukawa coupling:
�e

ME
X�k

e �ēkl� �!
<latexit sha1_base64="4NT1Vz+0eSTkflozs17nx5ZLCR8="></latexit><latexit sha1_base64="4NT1Vz+0eSTkflozs17nx5ZLCR8="></latexit><latexit sha1_base64="4NT1Vz+0eSTkflozs17nx5ZLCR8="></latexit><latexit sha1_base64="m9ExGpLStyTcYXsACp35jQepXVc="></latexit>



FCNC

Leff =� 1

4v22
(( ē µ̄ ⌧̄ )�µV (e)†

0

@
1 0 0
0 1 0
0 0 0

1

AV (e)

0

@
e
µ
⌧

1

A)2R

� 1

4v23
(J3 +

p
3J8)

2 � 1

v23

7X

a=4

(Ja)
2

<latexit sha1_base64="vy5IYuHAEaoeMjk9TUC8hWF0qi8="></latexit><latexit sha1_base64="vy5IYuHAEaoeMjk9TUC8hWF0qi8="></latexit><latexit sha1_base64="vy5IYuHAEaoeMjk9TUC8hWF0qi8="></latexit><latexit sha1_base64="1R+m3JpbrsQSIf5zA2BArwvcV5E="></latexit>



FCNC & COMPOSITENESS LIMITS

LC = ± g2

(1 + �ef )⇤2
RR

ēR�µeRf̄R�
µfR

g2

4⇡
= 1

<latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="glpSUOnFO1otf06uazO1+hKbs/s="></latexit><latexit sha1_base64="7p0632vGHtAiEWZ28Bmfkyhp6Ro="></latexit>

⇤�
RR(eeee) > 10.2TeV

⇤�
RR(eeµµ) > 9.1TeV

⇤�
RR(ee⌧⌧) > 5.5TeV

<latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="3rr2aUZ8YS3MNq2Z1jZD7JfJWQQ="></latexit><latexit sha1_base64="TqaOiv/+H9axF/5B+pMNBbZSGV0="></latexit>

v3 > 40TeV
<latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="knDBSl450R2HpMdQrTkealcHr0o=">AAACBnicbVC7TsNAEFzzDOFlQklzIkKiimxAggpF0FCCRB5SYlnnywZOnB+6W6NEVnq+ghYqOkTLb1DwL9hOCl5TjWZ2tbMTJEoacpwPa25+YXFpubJSXV1b39i0t2ptE6daYEvEKtbdgBtUMsIWSVLYTTTyMFDYCe7OC79zj9rIOLqmcYJeyG8iOZSCUy75du3ePzw9clifcETZNbYnVd+uOw2nBPtL3BmpNxtQ4tK3P/uDWKQhRiQUN6bnOgl5GdckhcJJtZ8aTLi44zfYy2nEQzReVmafsL3UcIpZgppJxUoRv29kPDRmHAb5ZMjp1vz2CvE/r5fS8MTLZJSkhJEoDpFUWB4yQsu8FGQDqZGIF8mRyYgJrjkRasm4ELmY5i0Vfbi/v/9L2gcNN+dXR/Xm2bQYqMAO7MI+uHAMTbiAS2iBgBE8whM8Ww/Wi/VqvU1H56zZzjb8gPX+BdmzmE4=</latexit><latexit sha1_base64="nnojdyYew3fWb/rV7h5xLwDouoM=">AAACBnicbVC7TsNAEDyHVwgvE0qaExESVWRDJKhQBA1lkPKSEis6XzbhlPNDd+sokZWer6CFig7R8hsU/Au2cQEJU41mdrWz44ZSaLSsT6Owtr6xuVXcLu3s7u0fmIfltg4ixaHFAxmorss0SOFDCwVK6IYKmOdK6LiT29TvTEFpEfhNnIfgeGzsi5HgDBNpYJang4vrmkX7CDOMm9BelAZmxapaGegqsXNSITkaA/OrPwx45IGPXDKte7YVohMzhYJLWJT6kYaQ8QkbQy+hPvNAO3GWfUFPI80woCEoKiTNRPi9ETNP67nnJpMewwe97KXif14vwtGVEws/jBB8nh5CISE7pLkSSSlAh0IBIkuTAxU+5UwxRFCCMs4TMUpaSvuwl79fJe3zqp3w+1qlfpM3UyTH5IScEZtckjq5Iw3SIpzMyBN5Ji/Go/FqvBnvP6MFI985In9gfHwDP5+X4A==</latexit>

Compositeness limits:

v2 > 2TeV
<latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="lTCRP3AAb2Xsl7kkVlg+0h9Vt0g=">AAACB3icbVDLSgNBEOyNrxhfqzl6GQyCBwm7QdCTBL14jJBEIQlhduzEIbMPZnqDYckH+BVe9eRNvPoZHvwXdzceNLFORVU3XV1epKQhx/m0CkvLK6trxfXSxubW9o69u9c2YawFtkSoQn3rcYNKBtgiSQpvI43c9xTeeKPLzL8ZozYyDJo0ibDn82EgB1JwSqW+XR73a+c11j3uEj5Q0sT2tNS3K07VycEWiftDKvUq5Gj07a/uXShiHwMSihvTcZ2IegnXJIXCaakbG4y4GPEhdlIacB9NL8nDT9lhbDiFLELNpGK5iL83Eu4bM/G9dNLndG/mvUz8z+vENDjrJTKIYsJAZIdIKswPGaFl2gqyO6mRiGfJkcmACa45EWrJuBCpGKc1ZX24898vknat6qb8+qRSv5gVA0XYhwM4AhdOoQ5X0IAWCJjAEzzDi/VovVpv1vtstGD97JThD6yPb4jvmK0=</latexit><latexit sha1_base64="NGHbBkPVtI5qOHMY51Bn8u6etIY=">AAACB3icbVC7TsNAEDzzDOEVSElzIkKiQJEdIUGFImgog5SXFFvW+bIJp5wfultHRFY+gK+ghYoO0fIZFPwLtnEBCVONZna1s+NFUmg0zU9jZXVtfWOztFXe3tnd268cHHZ1GCsOHR7KUPU9pkGKADooUEI/UsB8T0LPm9xkfm8KSoswaOMsAsdn40CMBGeYSm6lOnUbVw1qn9kID5i0oTsvu5WaWTdz0GViFaRGCrTcypc9DHnsQ4BcMq0HlhmhkzCFgkuYl+1YQ8T4hI1hkNKA+aCdJA8/pyexZhjSCBQVkuYi/N5ImK/1zPfSSZ/hvV70MvE/bxDj6NJJRBDFCAHPDqGQkB/SXIm0FaBDoQCRZcmBioByphgiKEEZ56kYpzVlfViL3y+TbqNupfzuvNa8LpopkSNyTE6JRS5Ik9ySFukQTmbkiTyTF+PReDXejPef0RWj2KmSPzA+vgHuzJg/</latexit>
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<latexit sha1_base64="A7aJCJn8gEPZsYcakiPww6AKhII="></latexit><latexit sha1_base64="A7aJCJn8gEPZsYcakiPww6AKhII="></latexit><latexit sha1_base64="A7aJCJn8gEPZsYcakiPww6AKhII="></latexit><latexit sha1_base64="A7aJCJn8gEPZsYcakiPww6AKhII="></latexit>
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<latexit sha1_base64="pC4Up5x7ea6QE0kTagCK2Zlc1W4="></latexit><latexit sha1_base64="pC4Up5x7ea6QE0kTagCK2Zlc1W4="></latexit><latexit sha1_base64="pC4Up5x7ea6QE0kTagCK2Zlc1W4="></latexit><latexit sha1_base64="pC4Up5x7ea6QE0kTagCK2Zlc1W4="></latexit>
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<latexit sha1_base64="rfwD7xaLkRAVJSglhalxULXfgcM="></latexit><latexit sha1_base64="rfwD7xaLkRAVJSglhalxULXfgcM="></latexit><latexit sha1_base64="rfwD7xaLkRAVJSglhalxULXfgcM="></latexit><latexit sha1_base64="rfwD7xaLkRAVJSglhalxULXfgcM="></latexit>

�(K+ ! ⇡+µ�e+)/�total < 5.2 · 10�10

v2 > 30TeV
<latexit sha1_base64="acL1O7tkpnpeFX9gnuEE7VP2F6U="></latexit><latexit sha1_base64="acL1O7tkpnpeFX9gnuEE7VP2F6U="></latexit><latexit sha1_base64="acL1O7tkpnpeFX9gnuEE7VP2F6U="></latexit><latexit sha1_base64="acL1O7tkpnpeFX9gnuEE7VP2F6U="></latexit>


