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» Introduction

» November Revolution / Discovery of the Charm Quark
» Quarkonium

» Discovery of the Bottom Quark

» Discovery of the Top Quark
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Quarks
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» 6 different quarks
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years of experimental discovery

» 6 different quarks

» in 1974 only the three lightest were
known
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years of experimental discovery

» 6 different quarks

» in 1974 only the three lightest were
known

» focus on the charm, bottom and top
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Before 1974
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» first speculations by Bjorken and Glashow in 1964

» weak interaction description in the GIM mechanism (Glashow, lliopoulos,
Maiani) 1970 demanded hadron-lepton symmetry

» R-ratio measurements did not match theoretical predictions

R— Oe+e——hadrons

Oete——ptp— S
» theory predictions were sl ’ ’

R=3 ) g =2 et L M}M} |
i=u.d.s [ )‘:{ H f 5 (ADONE) i
2 H + BCZ[ADONE) .
» in experiment R-ratio grows with energy m‘ % dilee

. . i 4+ Novosibirsk

» something is not understood T B

(

"Burton Richter - Nobel Lecture: From the Psi to Charm —
The Experiments of 1975 and 1976". Nobelprize.org
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November Revolution
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(3 0 den 9. November 1918.

Vorwiirfs

Bm:llnzv Dolhiablatt.
Dentolorgon ber forlaldemohratifdien Pactel Devtfilande.

eneralfirei

Der Arbeiter- und Soldatenvat von Berlin Hat den
Generalitreit bejdhlofien. 2Alle Betricbe ftehen il Die
notivendige Verforgung der Bevillerung wird aufredyt
ethalten.
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mit
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Tand3.
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Dev Arbeiter: und Soldatenvat,
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United|States

NATIONAL LABORATORY
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Stanford Linear Accelerator Center - SPEAR
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» Build in 1972

» radius ~ 32 m

» electron - positron collider

» planned since 1964, but no funding

» building started 1970 out of
operating budget of SLAC

» build on a parking lot without solid
buildings

» first data in spring 1973

Picture: 1976

CERN Courier - The Ring in the Parking Lot
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SLAC - Mark | Detector
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"Burton Richter - Nobel Lecture: From the Psi to Charm — The Experiments of 1975 and 1976".
Nobelprize.org
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Results from SPEAR
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J.J. Augustin et al. PRL 33 (1974) 1406
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» Samuel Ting one of the first to learn ‘ ;wm; :
about discovery at SLAC o0 ‘

» already measured at BNL, but ’
confirmation was still in progress

» measurements at the Alternating
Gradient Synchrotron (AGS)

"Samuel C.C. Ting - Nobel Lecture: The Discovery of the J Particle: A Personal
Recollection". Nobelprize.org
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Detector at BNL
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» My, My, My dipole magnets
» Ag, A, B, C: wire chambers

» a, b: hodoscopes
» S: shower counter

» Co, Co, Cg: Cerenkov
counters

(a) Plan view
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(b) Side view
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Results from BNL
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New particle J/v

» J for the looks of Tings name in chinese ]

ﬁ
» ) from PSi <> SPear and decay of 1)’ ‘
» new particle with mass m = 3096.916 + 0.011 MeV
» very narrow width (I = 92.9 + 2.8 keV)
= long lifetime

» quantum numbers JP¢ = 17—
» decay modes

1. J/vb — hadrons (87.7 + 0.5)%

2. J/Y > ete” (5.94+0.06)%

3. JYp - puTpu~ (5.9310.06)%
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Excitations in the ) Spectrum
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"Burton Richter - Nobel Lecture: From the Psi to Charm — The Experiments of 1975 and 1976".

T 1 T 13 1000 g T T T T 3
[ e*e™ ——hadrons Asy ] E e*e” —hadrons By’ E
1000 & E [ ]
100 k& - 3
10 17.\ IO BN U ST L 1
Fete”——utu”  lcos8l<0.6 b lcos61<0.6 g
100 & E i
g E Ut 4
10 = )
Et E s
EL 3 L |
n . ] o K L ! L 1
Il e e —— 60 |-ete —e*e” Icos6l<06 B
200 - e*e” ——e*e”  Icosfl<0.6 b L 4
100 & I e —
£ f 1 20 ]
po lwr L o 1 1w 1o 1] ol P . 1 ]
3.050 3.090 /00 3.0 3120 3130 3.670 3.680 3.690
Ecm. (GeV) Ecm.  (GeV)

Nobelprize.org

W > Jp+ Tt T
J/p— et +e

MARK | Event Dispay

Excitation ¢/’ was found 10 days
after J/y
comparably narrow width
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More Excitations TECHNISCHE
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"Burton Richter - Nobel Lecture: From the Psi to Charm — The Experiments of 1975 and 1976". Nobelprize.org

» additional peaks were found

» much broader
= decay into lighter charmed mesons

» therefore my /2 < mp < my» /2
» mp ~ 1870 MeV

Povh
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Nobel Prize 1976
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Burton Richter and Samuel Ting were awarded the nobel prize of 1976

7. November 2013 | Marco Schramm | 16



Almost Found Earlier
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t
=, ] » results from 1973 at BNL
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< . i + -
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Phys. Rev. D8 (1973) 2016
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Quarkonium
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Quarkonium consists of a quark g and its anti-quark g
» For light quarks (u, d and s) not possible, flavor mixing

» For top quark not possible, decay time (~ 5- 1072 s) is shorter than
hadronization time

» only possible for charm and bottom quarks

charmonium and bottomonium

» analogous description to positronium
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Positronium
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Schrodinger equation:

( I’ A—W> W(F) = E¥(P)

~2m r

with energy eigenstates and reduced mass

o ofme® Mo Mer _ Me
" 2m My + Mg+ 2
width for 2 photon decay
4roPh®
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Charmonium
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Modify potential
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Narrow width of J/v
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» cannot decay into lighter charmed mesons m(J/v) < 2m(D)
» cannot decay into two gluons, because of charge parity conservation

v

decay into three gluons suppressed o
still 65% of partial width

» decay via virtual photon allowed
35% partial width
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Excitations in the 1) spectrum
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Bottom quark
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years of experimental discovery

» 1975 discovery of 7 lepton hinted
another quark family

» bottom quark was discovered at
Fermilab 1977 by Lederman group
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Detector at Fermilab TECHNISCHE
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"Leon M. Lederman - Nobel Lecture: Observations in Particle
Electronicl— Physics from Two Neutrinos to the Standard Model".
Detectors Nobelprize.org
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Results from Fermilab s TECHNISCHE
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» dimuon production cross section
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Properties of the T(1S) Meson
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» mass m = 9460.30 + 0.26 MeV
width ' = 54.02 £+ 1.25 keV
» quantum numbers J¢ = 17—

» decay modes

T o7t (2.60+0.10)%
T >ete” (238+0.11)%
T o ptyp~ (248 +0.05)%
T—~v99 (22+0.6)%

T —>g99 (81.7+0.7)%

v
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T Excitations
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"Leon M. Lederman - Nobel Lecture: Observations in Particle Physics from Two
Neutrinos to the Standard Model". Nobelprize.org

» excited states of T meson have
been found

» My(2sy = 10.02326 £ 0.00031 MeV
Mr(es) = 31.98 £2.63 keV

» My(zsy = 10.3552 + 0.0005 MeV
r'r(33) = 20.32 + 1.85 keV
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Top quark
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Top quark
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Discovery of the Top Quark
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» due to high mass only Tevatron collider at Fermilab was able to produce it at
the time (LHC reached same energy 2009)

» used pp collisions at /s = 1.8 TeV

» first evidence in 1994, officially published in 1995

» two experiments at Tevatron: Collider Detector at Fermilab (CDF) and D@

» tt pairs produced and decay products (tf — W+ bW~ b) observed

N
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i L TN e ZSE2WES
100 120 140 160 180 200 220 240 260 280

Reconstructed Mass (GeV/c?) F. Abe et al. PRL 74 (1995) 2626-2631
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