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At Aspen, where we were collaborating
on our first paper on “Strong Unification”
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At Graham’s 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

“Hierarchical
just like the UK”
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0 1.5¢ 0.463)

Note (1,1) texture zero and symmetric matrices
leading to the successful GST relation

oy ey “Chance to
Vus = € ”
m, m,. be correct
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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
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Neutrino mass and mixing

Sut;-dominant SRHND

O e e hep-ph/9806440,

2 hep-ph/9912492
ab = b-7=be ep-p :
X hep-ph/0204360
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Model predicted 6,3 ~€~ 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 here...




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

Twin PS Theory of Flavour with |

a TeV scale Vector Leptoquark
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Plus shaping symmetries and extra fields

Q4

Chiral families 1,2,3 This mixing generates
mix with vector-like VLQ couplings (above)

families 4,5,6 and Yukawa matrices




Yukawa matrices
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e Looks familiar?
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my M e Hierarchical
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e Personal Higgs
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Neutrino mass and mixing from SRHND




Mario F Navarro and S.FK. 2209. XXXXXX

B anomalies in a Twin PS ToF

I 717 Mhign M, FOCUS on IOW
G422 X G422 e X @ energy 4321

TeV scale Ul; Z’) g’ L.Di Luzio, A.Greljo and M.Nardecchia,
Phys. Rev. D 96 (2017) [1708.08450]

Observable Experiment /constraint

5 “oa0rys 29 Key features
gvy, 0.05 4 0.02 [4]

(A M) < 0.11(see Section 2.4.2 and [27]) Of O u r a n a Iys I S

B(r — 3u) < 2.1-1078 (90% CL) [40] 3
B(t— uy) — 50 O (00 IS0 GIM'IIke (3 VLFS)
B(Bs — 7u¥) <3.4-107° (90% CL) [42] o g o
B (Bt — Ktr*uT) < 2.8-107% (90% CL) [43] PS un |f|cat|on
B (r — ug) < 8.4-10°® (90% CL) [44] Fermion masses
B(K1, — pe) <SG s .
T 1.0003 + 0.0014 [3] (2nd, 3rd fami I)’)
B(Bs —17717) < 5.2 x 1073 (90% CL) [46] Fermiophobic
B(B— Krtr™) < 2.25 x 1073 (90% CL) [47]

B(B— K®vw) /B(B - K®up) < 3.5(3.2) (90% CL) [48,49] construction

SM




Input parameters
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Benchmark and output

benchmark (BP)
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Benchmark Spectrum

Particle Decay mode
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C.Cornella, D.A.Faroughy, J.Fuentes-Martin, G.lsidori and M.Neubert, JHEP 08 (2021) [2103.16558]

LHC limits on g” and U
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Prediction for B->K nu nu at Belle Il
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Conclusion

SU(3) x PS model still valid today, 0,, 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 Graham’s and explains Rk, Rp

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




Standard Model

Yukawa matrices (basis dependent)

_"g’ﬂY e ( )z] qu¢ulR e (Yd)z] qlL¢le T (YE)” 1L¢61R + H.c.

Mass matrices (basis dependent)

1% Vv Vv
m, = & mg = Vi my = Y,
Fermion masses and mixing (observables)

my, — U m,U¥ = diag (my,,me,m;) Vel

i = .
mqg —— Ug mq UI? — dlag (mdva7mb) ’ (baS|S
i UmegUﬁ = diag (mg,mu,mf) : independent)
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C production

z N
2
< | ]
_,3 0.100 CMS excluded
T
-5 0.010
I\ /
Q. 4—/\
£ 0.001 0% 0.6
10—4 ‘39\\0 0.4 . % ]
. RD(*) 10'
1 2 3 4 S 0 =810 15 20 2% 30 35
My [TeV] %%,
1 :
0.001 ]
0.100¢ : 104 ATLAS excluded
) \ ATLAS excluded )
= 0.010F : — 1075
= 3
T 0.001 1 10°°
3 N
-7
) \6’ 10—8
107
102
1 2 3 4 5 1 2 3 4 5

Mz [TeV] Mz [TeV]



