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IBCA, Davighi, 2211.11766: SM: 1.60



vy
o
! S W
|
W] QU
3
o
// a l
lge—
X
’j/;
)
X

By
it
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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LHCb: 20/12/22

low-g? ¢ Ry =0.994 009 (stat) a7 (syst),
o R — 0.927 10093 (4 4)1+0.036 "
(R T Zo.0s7 (stat) Zg o35 (syst),
( 0.042 +0.022
central-g° « R = 0.949 Ty, (stat) gy, (syst),
! R — 1.027 10072 (4410027 (¢
K> =+ 0.068 (stat) Zg g6 (Syst)

Rx(¢*) = BR(B — Xu"pu )/BR(B — Xe'e™)
LHCb 2212.09152: evidence for lepton flavour universality
violation has gone away; smelli2.3.2:

category | ngps X% M D s/o
‘quarks’ | 224 262.9 259.1 (261.2) .038 .054 (.044) 2.1 2.0 (2.0)
‘LFU’ 23 17.1 39.4 (39.4) .80 .018 (.018) 0.2 2.4 (2.4)

combined | 247 280.0 298.5 (300.7) .073 .014 (.011) 1.8 2.5 (2.5)
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L = N(sv*Prb) [Co(vap) + Cro(Hyavsi)]



Theory: uncertainties

parametric form factors non-local

MEs

BR(B — MIl) yes large large

angular no small large
BR(B; — ) yes small no
LFU no tiny no

Parametric uncertainties easy

Large theory uncertainties® are taken

INto account

3Gubernari, Reboud, van Dyk, Virto 2206.03797




Neutral Current Fits

Alguero et al, 2104.08921;
Ciuchini et al, HEPfit 2011.01212; Hurth et al, superlso 2104.10058,

L = N[Co(bry"s) (Fvum) + Cro(bry"sp) (A yum)] + H.c.
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Simple Z' Model

SM-singlet scalar ‘flavon’ 0x

Additional U(1)yxy gauge symmetry broken by
(0) ~TeV

SM-+-3vp fermion content

/ero X charges for first two generations of
quark, electrons and taus

Postdicts heavy third family quarks’

*X = Bs — Lo: Bonilla et al, 1705.00915; Alonso et al 1705.03858,
BCA 2009.02197 (simplified EFT)
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Flavour problem

L,=Y,Qs; Hty + Q4 Hb + H.c.,

2

Postdicts small CKM angles
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Lxy = gx (U-LA )Z'uy, + GrAUR) 2 ug
+d AP Z'dg + dr AP Z'dr
—3erAler Z er, — JerAF Z eRr
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(000 )

AD = Viev,  £=1]1000

\001/

Z/ COU pllngS, I e {UL,dL,eL,VL,”LLR, dR, €R}

13



A simple limiting case

VUR — ‘/CZR =1
(1 0 0 )
;= 0O cos (923 — sin (923 9 ‘/eL,R —

\O sin (923 COS (923 /

= VuL — V;ZLVCT'KM and VVL — Vv@LU]TDMNS'
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gx

Important Z’ Couplings
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S3 Leptoquark Model

TeV scale Scalar? S5 = (3, 3, 1/3):

L = ...+ AQ4Ly + Y,;Q:Q;S% + h.c.

= . ..T )\(COS (923@3[/2 + sin 923Q2L2) + h.c.

bL »— ;L_

55'3 Co = —Chy

<,

5Capdevila et al 1704.05340, Hiller and Hisandzic 1704.05444,
D’Amico et al 1704.05438
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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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e
BESt flts BCA, Davighi, 2211.11766

Dec 2022 R+ [7]

S3 model | 2 n p  sv/I|AX? Z' model | y? n p sv/|Ax?
quarks | 247.3 224 .14 3.9 quarks | 249.1 224 .12 3.7
LFU 19.7 23 .66 -1.6 LFU 182 23 .75 -1.0
global | 267.0 247 .16 global | 267.4 247

Previous Ry (-) [1-3]

S3 model | 2 n p sv/|Ax? Z' model | x? n P s |AX?
quarks | 245.7 224 .15 3.7 quarks | 249.3 224 12 3.1
LFU 22.2 23 .5l 4.2 LFU 22.8 23 47 4.1
global | 267.9 247 .15 5.5 global | 272.1 247 5.1

Wilson, flavio, smelli

18



Pull=(theory-exp)/error

AM,

BR(Bs->upu)
Rk(1.1,6)
Rkx+(0.1,1.1)
Rk+(1.1,6)

Pi(2.5,4)

P5(4,6)
BR(Bs->¢uw)(0.1,0.98)
BR(Bs->¢puu)(1.1,2.5)
BR(Bs->¢uu)(2.5,4)
BR(Bs->¢up)(4,6)
BR(Bs->¢up)(15,19)
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Parameter Space
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Summary

b — syt~ anomalies remain with caveat

Remarkable that models with TeV-scale flavour
symmetry are still allowed

Shameless plug for my music, textbook and Quantum Se/ves art:

Symmetries,
Particles
and Fields

Ben Allanach
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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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/' Decay Modes

Mode BR | Mode BR | Mode BR
tt 0.15| bb 0.15| v/ 0.23
utu~ 0.46

pp Z' Production:

b b
Z' Z'

A b

Oprod X gg( cost 0, = g§( (1 — 29§b + O(é’ﬁb))
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7" — up ATLAS 13 TeV 139
fb~!

ATLAS analysis: look for two track-based isolated pu,
pr > 30 GeV. One reconstructed primary vertex. Keep
only highest scalar sum py pair’

mimz = (p| + p3) (plu + pQu)

CMS also have released® a 139 fb~! analysis.

71903.06248
89103.02708
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ATLAS "]~ limits
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Bg — L2 /" at HL-LHC
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Azatov, Garosi, Greljo, Marzocca, Salko, 2205.13552 with old IQ(@)

28



Bg — L2 /" at FCChh
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