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At Aspen, where we were collaborating
on our brst paper on OStrong Uni PcationO



j".u L o

At GrahamOs retirement fest in Oxford



P. Ramond, R.G. Roberts and G.G.Ross, Nucl. Phys. B406 (1993)

Stitching the Yukawa Quilt

Graham favoured the symmetric matrices

L0 12 00’ 0 156 048 A\ :
YOk L2 o0 %, vir k. B 139 ¥ _C)Hle_rarchlcal ,
L 1 just like the UKO

1" 0.05 B" 0.15

Note (1,1) texture zero and symmetric matrices
leading to the successful GST relation
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S.F. King and G.G.Ross, Phys. Lett. B 574 (2003), [hep-ph/0307190]
SU(3) Family Symmetry
and Pati-Salam Unification

Field SU (3) SU(4)ps SU(2)L SU(2)r
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Alignment and Yukawa matrices
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Neutrino mass and mixing
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Model predicted !43! 0.15 way before it was measured




How to test such models?

Two options:

1. Proton decay and Gravitational Waves

Fu, S.EK., Marsili, Pascoli, Turner, Zhou 2209.XXXXXX (tomorrow!)

2. At the TeV scale with LHC and B physics

Mario F Navarro and S.EK. 2209. XXXXXX (tomorrow!)

We focus on second option hereE




S.F. King, JHEP 11 (2021), [2106.03876]

Twin PS Theory of Flavour with
a TeV scale Vector Leptoquark

suel_suek [suak. svel_swek]l Motivated by B anomalies
L have SU(4)'psat TeV
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Plus shaping symmetries and extra fields

Chiral families 1,2,3 ' This mixing generates

mix with vector-like VLQ couplings (above)

families 4,5,6 and Yukawa matrices
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Neutrino mass and mixing from SRHND
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Mario F Navarro and S.FK. 2209. XXXXXX

B anomalies in a Twin PS ToF

TeV scale Uy, Z’, ¢

Observable Experiment/constraint
R IC | 0.40%375 [25]
Rp Ov, 0.05+ 0.02 [4]
B, — B; I (AMs) < 0.11(see Section2.4.2 and [27])
B("" 3 < 2.1-10°8 (90% CL) [40]
B( U#) < 5.0-10°% (90% CL) [4]]
B(Bs" "TpuT) < 3.4-107° (90% CL) [42]
B(BT" KT *uf) < 2.8-107° (90% CL) [43]
B("" u$) < 8.4-107% (90% CL) [44]
B(KL" pe) < 4.7-10"'2 (90% CL) [45]
(9-/9ep) e4+7+K 1.0003+ 0.0014[3]
B(Bs" "t"7) < 5.2# 1073 (90% CL) [46]

B(B" K"*t"")

< 2.25# 1073 (90% CL) [47]

B(B " K (o /B(B "

R (*)O/Mé SM

< 3.5(3.2) (90% CL) [48,49]

Focus on low
energy 4321

L.Di Luzio, A.Greljo and M.Nardecchia,
Phys. Rev. D 96 (2017) [1708.08450]

Key features
of our analysis

GIM-like (3 VLFS)
PS unification
Fermion masses
(2nd, 3rd family)
Fermiophobic
construction

K KKK
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Benchmark and output

benchmark (BP)

Output

3.5

-0.5

0.978

3782.86 GeV

1, 0.65, 0.36 !

55 | 66
15 * 15

2.5, 0.8

0.977

2414.32 GeV

2

0.4

0.1986

0.042556

0.41

1

0.1455

0.001497

320 GeV

5 TeV

0.7097

-0.111

780 GeV

!
Y53.43,34,24

-03,1,1,1

1226.82 GeV

0.04106

930 TeV

177.2 GeV

1238.69 GeV

172.91 GeV

-7/00 GeV

26.8 GeV

614.038 GeV

1.270 GeV

50 GeV

4.25 GeV

845.263 GeV

4.180 GeV

0.6 TeV

2.1 GeV

1235.73 GeV

0.0987 GeV

0.3 TeV

1.75 GeV

842.39 GeV

1.7765 GeV

0.4 TeV

4.5788 GeV

2986.99 GeV

105.65 MeV




Benchmark Spectrum
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Particle Decay mode B(BP) !'/M

Q3L6+LQ5L3 : 84215
3L3 ' .

Uz Qsls 1 0.24 0.32
QiLa + Qal; I 0.07
Q3Q3 1 0.3
|Q4’Q5!Q6 Q6Q6 | 03
Q1Q6+Q205+Q3Q4 ! 0.1
| Ls,Lg L5L5 1 0.29
| I—6|—6 1 0.29

| Ly A L3l 3 1 0.27 0.24
Q3Q3+Qs50Qs5 + QQs ! 0.09
LiLe +LoLs+LsLs ! 0.06

L1/Q 1 Q3 Q2 Q1
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C.Cornella, D.A.Faroughy, J.Fuentes-Martin, G.Isidori and M.Neubert, JHEP 08 (2021) [2103.16558]

LHC limits on gO and U1
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R«,Ro anomalies

ML

38

<'0.8|

0.6}

0.4

i [My,=3Tev ||
s (Mz=2.4TeV|*
: |[My=~3.8TeV||

800 GeV

4=

*

o ——

" S $# %'l %# & | | S'H %' %H & &'
X&-




STU$

B"B.

I"I1#

# Y
"#$%&'& () *+ | .=

# '

*

# G
#! - v S
"4 "$ "% # $ &

X&)
18"
18

!|_ 4R

M"#$%&'& () *+ | -

/'

/.00 #%& 1''q 7

Up

" #
Sw Vs

"
"H#$%&'& () *+ |
IS E
$1
rar -, i
$I
$i! - - - - -
g $ $"% % %'H &' &'
Xg(
%! " :
%! "HE%&8. () *+ |
Z"
H(
%! 'R VI

"no#m 0 o#
-1l "$101'% z *

"4




S5B(B-K"vv)

Prediction for B->K nu nu at Belle ||
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Conclusion

¥ SU(3) x PS model still valid today, !,- prediction confirmed

¥ Such high scale models difficult to test directly (PD, GWs ?)

¥ It is possible that Nature has given us a lucky break and
provided us with a TeV scale PS symmetry

¥ (PS)2 with TeV scale PS symmetry reproduces similar mass
matrices to GrahamOs and explains R k, Rp

¥ This allows the theory to be probed by experiments such as
LHC, LHCD, Belle Il, providing a testable theory of flavour
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Standard Model

Yukawa matrices (basis dependent)

"Ly = (Y GiL"Ur* (Ya);; GiL" dir + (V);; liL" er+ H.C.

Mass matrices (basis dependent)

WV WV Y
my, ! —zYu, my | —sz, m | —EY!-

Fermion masses and mixing (observables)
my # Ul myUg = diag(my, me, m) , YARRUANUES

my # UL mgUg = diag(mg,m,my) . (basis
m # UF mUg = diag m,m,,m . Independent)




Perturbativity
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