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Structure of talk

I short introduction

I the saga of b-quark

I b-quark physics – not just “another quark”

I experiments and collaborations – beauty factories

I remarks on calculating quark masses
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Introduction – Standard Model in a nutshell
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Introduction – b = bottom = beauty

I third generation ∼ a bit mystical
I quite heavy (for a quark. . . )

(mbottom ≈ 4mproton � mup,down)
I lifetime in general:
τcharm < τbottom < τstrange

I in theory since 1973
(Kobayashi & Maskawa)

I discovered in 1977
(Lederman et al.)
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History – another day at Fermilab

I 1977 (actually 1976, then upgraded)
I CFS collaboration – E288 experiment
I discovery of Υ-meson (≈ 9.5 GeV)

(alongside “Oops-Leon”)

Υ-meson, aka bottomonium

. . . and a very important figure
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History – and let there be dimuons

I Υ
decay−−−→ µ−µ+

(also true for ρ, φ, J/ψ,Z 0, π,K , etc.)
I µ-s penetrate matter quite easily

I must look for characteristic µ-pairs ∼
dimuons

I peaks at √sµ−µ+ values above
background
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History – since then. . .
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History – the “Oops-Leon”-meson

Leon M. Lederman
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b-quark (related) physics (1) – B-B̄ oscillation

I with neutral B- (db̄) and Bs -mesons (sb̄):
particle-antiparticle oscillations

I mixing: |Ψ(t)〉 = c1(t)|B〉+ c2(t)|B̄〉+ decays

I projecting to B-meson subspace:
Heff|BS,L〉 = λS,L|BS,L〉 = (mS,L − iΓS,L/2)|BS,L〉

I with |ΨB(0)〉 = cS |BS〉+ cL|BL〉:
|〈ΨB(t)|ΨB(t)〉|2 = |cS |2e−ΓS t +|cL|2e−ΓLt +2<

(
c∗ScLe

i(mS−mL)te−
ΓS +ΓL

2 t〈BS |BL〉
)
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b-quark (related) physics (2) – study of CP violation

I if CP was a symmetry: [CP,Heff] = 0
with |BS,L〉 := |B1,2〉 as CP eigenstates

I BUT!
if CP was NOT a symmetry:
|BS,L〉 = 1√

1+|ε|2
(
|B1,2〉+ ε|B2,1〉

)
∼ admixture

I ε(6= 0) can be measured in experiments
(e.g. via studying decay processes)

I notion of matter-antimatter asymmetry

(might remember K 0 - K̄ 0 oscillation from last semester’s Particle Physics lectures)
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b-quark (related) physics (3) – b-tagging

I method of jet-tagging

I τMb,Hb
� usual ∼ longer paths taken

(not too long: still decays in detector)

I mb � usual
I wider jets
I higher particle multiplicities
I greater CM energies
I low-energy leptonic decay products

I importance:
t

decay−−−→ b + W+

H
decay−−−→ b + b̄
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beauty factories

I collider experiments focusing on
B-mesons

I main purpose: CP violation + CKM
matrix

I three “generations”
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beauty factories (0th gen) – HERA-B

I first experiment to study B-meson
decays

I DESY (Germany) (’90s)

I wire target to 920 GeV p-beam
“waste” halo
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beauty factories (1st gen) – Belle experiment

I KEK (Japan) (1999-2010)
I asymmetric energy e−-e+ collider (8-3.5 GeV)
I highlights

I CP-violation of B-mesons
I B

decay−−−→ K + l+ + l−

I ub and cb CKM matrix elements
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beauty factories (1st gen) – BaBar experiment
I SLAC (USA) (1999-2008)
I asymmetric energy e−-e+ collider (9-3.1 GeV)

=⇒
√
s ≈ 2

√
E+E− ≈ 10.58 GeV ≈ m(Υ(4S)) GeV

(about the same for Belle)

Υ(4S)
decay−−−→ B+ + B− or B0 + B̄0

I highlights
I bottomonium ground state: ηb
I bSM suggestions from B-meson decay rates (not 5σ yet)

Bottom quark 14 / 20



beauty factories (2nd gen) – SuperB & SuperPEP-II

proposed b-factories that didn’t happen

SuperB
I University of Rome, then INFN

(Italy) (2001-2012)
I asymmetric energy e−-e+ collider

(7-4 GeV)
I elliptic collider
I budget at cancellation ≈ 109 e

(LHC ≈ 4 × more expensive)

SuperPEP-II
I proposed, then quickly forgotten
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beauty factories (2nd gen) – Belle II

I upgrade to Belle
I increased luminosity ∼ 40 × more data
I 2019-
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beauty factories (+1) – LHCb

I not really a b-factory ∼ they do many other things
(measurements of production cross sections, exotic hadron spectroscopy, charm
physics and electroweak physics, pentaquarks)

I about the same story with CP violation
I MoEDAL experiment
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Remarks on quark masses

I “constituent” mass vs. “bare” mass
I perturbation theory + renormalisation
I “scheme”-dependece (MS)
I Lattice QCD

(from first principle, mass ratios, etc.)
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Remarks on quark masses – b-quark
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Summary

I great example of the power of the theoretical physics framework

I b/bottom/beauty is not just “another quark”
I study of CP violation
I b-tagging

I heaviest quark with stable mesons (see t)

I grand scale R&D in between 1990-2010

I who knows what’s to come with Belle II?
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