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Impressive Progress
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During the 1990s

We wanted to be the Grand Architects, searching for
one string model to rule them alli




uring the 2020s

We are happy with any beyond the SM roof
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Philosophy and Organisation

Hundreds of specific models reduce to the same
important TeV-scale features = take a bottom
up approach
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Vector/scalar option for leptoquark (LQ)
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R,+: BSM Explanations
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Fit to data tells us

M = 3.4 TeV x v/ A



U, Vector LQ

In third family, leptons are the fourth
colour and LQ U* comes from adjoint

SU(4) — SU(3).
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U,; Vector LQ!: U*
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1Thanks to B Stafanek for slide material
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Aebischer, Isidori, Pesut, Stefanek, Wilsch (2210.13422); Cornella, Faroughy,
Fuentes-Martin, Isidori, Neubert, 2103.16558
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Simple models’

from SU(4)

Model | Direct SM Yukawa | SU(4) gauged | min. U(2)} breaking J
1 yes no yes 2
2 yes yes yes 1
3 yes yes no 2
4 no no yes 3(x2)
3Barbieri, Cornella and Isidori, 2207 .14248
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b — sl™l” in Standard Model

BR(B — Ky n~)=BR(B — Ke'e™)
BR~ O(10~7): loop+EW+CKM
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Predicting B — M {1/

A = local +non-local

local: interpolate lattice at high ¢ and LCSR

at low ¢%. ¢* = m3,.

non-local: no lattice. Most use QCD
factorisation: perturbative charm loop+ad-hoc

EOS approach: interpolate ¢> < 0 LCOPE and
measurements of BRs/angular dists at ¢* =

2
MJ/w'
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BR(Bs — p* ) SM: 1.60

B, = (bs), By = (bd)

BR(By—>u*1)/107°

2.0253.0354.0455.0
BR(Bs—>p*p)/107°
4SM: Feldmann, Gubernari, Huber, Seitz, 2211.042009;
Combination: BCA, Davighi, 2211.11766
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Decay fully described by three helicity angles Q = (8, 0, ¢) and ¢2 = m2,
L ¢*(T +T) et [3(1-F )sin® O + Fi, cos® O + +(1 — F) sin? O cos 26
d(F+F)/dq2 dﬁ 39, L4 L K L K 4 L K 4

— Fy, cos? Ok cos 20, + Ss sin? O sin? 0, cos 2¢
+ Sy sin 20 i sin 260, cos ¢ + S5 sin 20 i sin 6y cos ¢
- %AFB sin? @k cos By + S7 sin 20k sin 6, sin ¢

+ Sg sin 20 sin 26, sin ¢ + S sin® O sin? O, sin 2q§]
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By — ¢puT: ¢ = (s5)

=== BSM best fit
BSM benchmark
SM prediction
H] LHCbH 2021
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20



BR(B — Ku ™)

x 10~

1 " 1 " 1

B — KI,L/,L HH LHCb 2014

SM prediction
- == BSM best fit
BSM benchmark

FH Babar 2012

- Belle 2019

21



LHCb 2212.09152
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e %= (1 allowed

. NP
Fleischer, Malami, Rehult, Keri Vos, 2303.08764; C’é\épz \C’é\ép|ez¢9€
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1t Neutral Current Fits

Greljo, Salko, Smolkovic, Stangl, 2212.10497

L = N[Cy,"(bry*s)(vap)+Cly, (b sp) (ivey’w)]+H.c.
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1t Neutral Current Fits

Alguero et al, 2304.07330;

L= N[Cy" (bry*sp)(mvap)+Ciiy, (bry*sp) (ivay’w)]+H.c.

Plot from B Capdevila-Soler Beyond Flavour Anomalies workshop
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1/e Neutral Current Fits

Alguero et al, 2304.07330
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Simple Z' Models

SM-singlet scalar ‘flavon’ ¢

Additional U(1)xy gauge symmetry broken by
(0) ~TeV= My, ~TeV

SM-+-3vp fermion content

/Zero charges for first two generations of quark

Postdicts heavy third family quarks®

Bonilla et al, 1705.00915; Alonso et al 1705.03858, BCA
2009.02197 (simp/ified EFT)
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Flavour problem

Postdicts CKM angles |V,
'Vi4| to be small

VubL |V;53
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Lxy = 9gx (u_LAéuL)Z ug, + H—RA,E:uR)Z ug
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A simple limiting case

Vip=Va, =V, =V, =1
(1 0 0 )

Vi, = | 0 cosbly —sinby | .
\ 0 sinfy cosfy /

= VuL — V;ZLVCT'KM and VVL — %LUJ—EMNS'
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Important Z’ Couplings
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el

LEP constraints
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— pp = U 1o
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— b—sup lo
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LEP constraints

et (~ et—> —eT et eT
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Put into flavio (Falkowski,
Mimouni 1511.07434)

Fit 98[) and gZ//MZ/
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B, — B, Mixing
Measurement agrees with SM.

o ... s 7 / -
< b D BT
R p—- 5 s S— ,u >
gsp = %( Sin 20, ~

but uncertain

194 TeV
from QCD sum rules and lattice®.

King, Lenz, Rauh, arXiv:1904.00940
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BCA, Mullin, 2306.08669

LFU
LEP
global
quarks

= ¥

95% CL
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3B3 — L. — 2L, model

— X% 1 p—value || measurement pull
LFU -0.2 .85 Rg~+(0.1, 1.1) -0.1
LEP -04 D8 Rg~+(1.1, 6) -1.1
quarks -14.7 .10 Rg(0.1, 1.1)  -0.3
global -15.3 28 Ri (1.1, 6) -0.1

g, = 0.2, 04 = —0.03 best-fit

BCA, Mullin, 2306.08669
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Epilogue

Remarkable that TeV-scale flavour
symmetries are still allowed

Plug for my music, |book (18€) and Quantum Selves art.

Symmetries, y .
Pa rtiC|eS A
and Fields

CHOOSE A MUSIC SERVICE

Ben Allanach
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https://share.amuse.io/artist/professor-jammin
https://benallanachwork.wixsite.com/quantumselves
https://share.amuse.io/artist/professor-jammin
https://www.amazon.co.uk/dp/1739940695?ref_=pe_3052080_397514860
https://benallanachwork.wixsite.com/quantumselves

Backup



SMEFT WCs/(g2,/M?2))
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pull

BCA, Mullin, 2306.08669
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Flavonstrahlung

Models of Z’' ilk possess L =
MNH H'00" = a flavonstrahlung signature:

BCA, 2009.02197: BCA, Loisa, 2212.07440
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Anomaly cancellation

Need to pick X charges for
fermions consistent with QFT anomaly
cancellation.

X = 3B; —
(X.L.+ X,L,+[3— X.— X,]L,)

works (proof in 2306.08669).
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Trident Neutrino Process

FIG. 10. Neutrino trident process that leads to constraints

on the Z" coupling strength to neutrinos-muons, namely
Mz /guu 2 750 GeV.

~J
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t—channel
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Hv potential

— 1 H'H + g (H H)? — 115600 +
)\9(9*9)2 -+ )\QHH*QHTH

1, (W
Ly (ﬁ,)+...

2)\}]?}%] )\QHUHUQ
)\QHUHUQ 2)\9@%
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H?Y mixing

cosy —sing\ [ h
(sin ¢ Cos P > (19’)

2)\9[{?%?]9 (_13)

2 2
Ty — My,

Y

sin 2¢

Three parameters: vg = My/gy, my
and o.



Higgs Signal Strength

BCA, Loisa, 2212.07440

. Collider searches
(LHC + Tevatron)
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(HL-)LHC searches
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FCC Flavonstrahlung
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10 TeV "1~ Flavonstrahlung
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