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1964 - Bilan

-antastique succes de Ia QED* (Feynman) .

outes sur: - L m’rer'ac’rlon faible (Fermi) |
+ L'interaction forte (Yukawa)

Jne fouITI’rude de particules élémentaires !
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-'Résumons_'-ndus_...” :

Par"ncules

= Les hadrons (sensubles af m’remc’ruon forTe)
= Mésons (B= O) '

-3 Bar'yons (B=+1) . .

I Les leptons: (B=0, |nsen5|b|es a l int, forTe)

Lois de conservation Tt '

: S Charge électrique:

" Nombre baryomque

= E’rrange‘re sauf m’remc’rlon falble i
3
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Particules au début des années 60..

Deux remarques :

Des Baryons (B=+1)
1530 Clal Cighs -2
1385 P i D -1
1300 ch 2° -2
1232 A~ A° A" A** 0
1190 x- x° = -1
1115 A° -1
940 N p 0

1/ On conndit aussi quelques
antibaryons (B = -1) non
portés au tableau :

* Méme masse,

* Charge opposée,

* Etrangeté opposée.

2/ Sur méme ligne, les particules
n'ont pas rigoureusement la méme
masse (qqs MeV de différence,
sauf si elles sont antiparticules)

Des Leptons (B=0)
106 T n 0
0,b11 e” e’ 0
0 \Y 0
-

Cours AOC - Centrale -'Rap.haél Granier

Appa‘ren’re
anarchie...




-Un soupgon de Theorle des groupes

-4 Symétries <-> nombr'es quantiques

=L a théorie des groupés permet de construire'd
partir. de symétries, des objets les respectant,
de les composer et de camc‘rerlser les qucm’rl’res
conservées. |

® EX . groupe des ro’ra‘rlons <=> momenT cme‘rlque 5

# SU(2) (matrice spéciale unitaire 2D)
&1 nombre quantique prenant des’
.valeurs demi-entieres::.le’ spm
®-Un doublet: elemen‘rcure % .
= Composition des spins: 1 g . 41 0
»2®2=301 - - )t b +
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Le S:p'in' iso’to'pi'que;;.'
1931 Heusenberg al |dee d un « |505p|n »

r (ou spin |so’rop|que)

= Proton & neutron (193i) sont « syme’rmques »
~pour l'interaction forte. -3 |

2
® Ils se composen’r dans.les noyaux RT3
n
1935 Yukawa mven’re les plons - ?
' -p _)n + N e 2 _ -_'1 O .+1ﬁ .
‘ . | | |
TPt +pT R
"N +p* . L g _’T+
(np) ® (p.1) = ( ey ® ()]
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Gro'upe SU(,3)'
# Pour ranger les particules étranges,
essayons un groupe plus grand | '

« SU(3) par exemple : "7 Birdngate?
m Deux. hombres . quantiques s
= Isospin et étrangeté ? | o
G ° - T 4 4 . . | L
®'Un friplet élementaire RLER > I3
- - 3 +3
= AhT;i-Tr'ip|€1' | R HM e
13—~ 3)

Reste a essayer de .
les composer eta 1 @
- ranger nos particules

o | Etrangeté ?
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Un péu dordre..

1961 : Murray Gell-Mann |
comprend qu'on peut ranger
les hadrons en multiplets:

de SU(3) e B
*Llesmésons: 3®3=-1@8
= Les baryons : 3®3®3-1@8@8€a10—1

Y | Hyperchar
Y | Hypercharge : | yper R arge

P

The octet of
spin-4 baryons

The decuplet of
spin-% baryons

Hypercharge Y =B + S : = |
Isospin=Q-Y/2 E ?
' | Cours AOC - Qen‘rrale ' 2 i 8
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Prédiction de SU(3) : le Q-

Gell-Mann prédit le O, d'étrangeté -3, de masse -
~1680 MeV (saut de ~ 150 MeV par unité d e’rrange’re)

Produn’r en 1964 par Barnes et al. a Brookhaven
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En terme de quarkS _

% 1964 : Gell-Mann / Zweig:
ont I'idée de quarks /aces A
® Particules de spin:3 - v - Charge. - ~:Efrangeté
= Doublet isotopique (d.u)~ -1/5*2/5 0

- w Singulet isa¥apique s A 0 T S

Y Hypercharge

S, Strangeness
il (ddd) (uddy’ (uud)’ (uuu)

®
ud

Menseqq N7

Cours AOC - Centrale --Raphaél Granier erne 1




« Three quarks for Muster Mark »
Finnegan's Wake, James Joyce

S ram—
Formidable | les hadrons semblent

constitués par trois briques elemenTalres |
Deux problemes :
1. Pourquou qq et qqq ? Et pas qq ou qqq ou qqqq ?
2. Ougq? Pourquou n'a-t-on jamais vu de quarks ?
La réponse viendra en 1973
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Prédiction d'un qudfriémé;QUdrk

#1964 . quelques papuers suggeren’r lexns‘rence
- d'un quatrieme quark... -

/

Electron v, | Up Down

Muon v, i 2?2? STr'ange

+# Glashow, Bjorken « it appear's Ilke a charm »

% 1970 Mecamsme de (GIM) Glashow Illopoulos
Maiani '
® Besoin théorique fort de ceTTe qua‘rriéme SGVeur_
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Multiplets de SU(4) ?

£ Nouyeil_le zbqlogie de1 parTiCUles !_

ud e, . Q0
| LS particle A

mesonTm*

ihbi
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1974 : découverte du J/¥
4 Indépendamment, Burton RlchTer et Samuel Ting

découvrent une
nouvelle particule

 Résonance - Le«¥» Le«JT»
m=31056GeV A Stanford A Brookhaven
" I'<13MeV ~ Collisions e+ e- “Proton sur cible

~— premiere particule charmée : un méson cc
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Experimental Observation of a Heavy Particle JT

. Becker, P. J. Biggs, J. Burger, M. ety
McCorrlston T. G. Rhoades, M. Rohde Samuel C C ng and Sau Lan Wu
Labomtow for Nuclear Sr:pence and Depavtment of Physics, 5

itute of Technology,

Cambridge, Massachuseits 02139

and

Y. Y. Lee
Brookhaven National Labovatory, Upton, New Yovk 11973
(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m =3.1 GeV and width ap-
proximately zero The observation was made from the reaction p +Be—e*+e” +x by

measuring the e*

= mass spectrum with a precise pair spectrometer at the Brookhaven

National Laboratory s 30-GeV alternating-gradient synchrotron,

This experiment is part of a large program to

study the behavior of timelike photons in p +p —-et

+e " +x reactions! and to search for new particles
which decay into e*e” and p*u” pairs.

We use a slow extracted beam from the Brook-
haven National Laboratory’s alternating-gradient
synchrotron. The beam intensity varies from )
10% to 2% 10 p/pulse. The beam is guided onto
an extended target, normally nine pieces of 70-
mil Be, to enable us to reject the pair acciden-
tals by requiring the two tracks to come from the
same origin. The beam intensity is monitored

daily with a thin Al foil. The beam spot size is
3x6 mm?, and is monitored with closed-circuit
television, Figure 1(a) shows the simplified side
view of one arm of the spectrometer, The two
arms are placed at 14.6° with respect to the inci-
dent beam; bending (by M1, M2) is done vertical-
1y to decouple the angle (6) and the momentum (»)
of the particle.

The Cherenkov counter C, is filled with one at-
mosphere and C, with 0.8 atmosphere of H,. The
counters C, and C, are decoupled by magnets M1
and M2. This enables us to reject knock-on elec-
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proximately 10™* cm?®.

The most striking feature of J is the possibility
that it may be one of the theoretically suggested
charmed particles® or a’s® or Z,’s,* etc. In or-
der to study the real nature of J,° measurements
are now underway on the various decay modes,
e.g., an ey mode would imply that J is weakly
interacting in nature.

It is also important to note the absence of an
e*e” continuum, which contradicts the predic-
tions of parton models.®

We wish to thank Dr. R. R. Rau and the alternat-
ing-gradient synchrotron staff who have done an
outstanding job in setting up and maintaining this
experiment. We thank especially Dr. F. Eppling,
B. M. Bailey, and the staff of the Laboratory for
Nuclear Science for their help and encourage-
ment. We thank also Ms. I. Schulz, Ms. H. Feind,
N. Feind, D. Osborne, G. Krey, J. Donahue, and

E. D, Weiner for help and assistance. We thank
also M. Deutsch, V. F. Weisskopf, T. T. Wu,
S. Drell, and S. Glashow for many interesting
conversations.

$Accepted without review under policy announced in
Editorial of 20 July 1984 [Phys, Rev. Lett, 13, 79
(19641,

IThe first work onp +p —u* +i” +x was done by L. M.
Lederman ef al., Phys, Rev, Lett, 25, 1523 (1970).

23, L. Glashow, private communication.

37, D, Lee, Phys. Rev. Lett, 26, 801 (1971).

43, Weinberg, Phys. Rev. Lett. 19, 1264 (1967), and
27, 1688 (1971), and Phys. Rev. D 5, 1412, 1962 (1972),

After completion of this paper, we learned of a sim-
ilar result from SPEAR. B, Richter and W. Panofsky,
private communication; J.-E. Augustin et al., following
Letter [Phys. Rev. Lett. 33, 1404 (1974)].

83, D, Drell and T. M. Yan, Phys. Rev. Lett. 25, 316
(1970). An improved version of the theory is not in con-
tradiction with the data.

Discovery of a Narrow Resonance in e* e~ Annihilation®

J.-E. Augustm D A, M, Boyarski, M. Breidenbach, F. Bulos, J. i
6—E—Fischer, D. Fryberger, G, Hanson, B. Jean-Marie,T R. R. Larsen, V. Liith,

T, Dakin, G. J. Feldman,

with a secondary emission counter, calibrated trons from C, Extensive and repeated calibra-

H. ~D. Lyon, C. C. Morehouse, J. M. Paterson, M. L. Perl,
P_ Rapidis, R. F, Schwitters, W. M, Tanenbaum,
and F, Vannuccii
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A, Kadyk, B. Lulu, F, Pierre,§ G. H. Trilling, J. S. Whitaker,
J. Wiss, and J. E, Zipse
Lawrence Bevkeley Labovatory and Depavtment of Physics, Univevsity of California, Berkeley, California 94720
(Received 13 November 1974)

We have observed a very sharp peak in the cross section for ¢ *¢~ — hadrons, e *e~, and
possibly g *u®-at a center-of-mass energy of 3.105=+0.003 GeV. The upper limit to the
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FIG, 1. (a) Simplified side view of one of the spectrometer arms.

Channel No.

(b) Time-of-flight spectrum of e*e” pairs and

of those events with 3.0 <m <3.2 GeV. (c¢) Pulse-height spectrum of ¢~ (same for ) of the e*e” pair.
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full width at half-maximum is 1.3 MeV.

We have observed a very sharp peak in the
cross section for e*e” — hadrons, e*e”, and pos-
sibly 4 *u” in the Stanford Linear Accelerator
Center (SLAC)-Lawrence Berkeley Laboratory
magnetic detector! at the SLAC electron-positron
storage ring SPEAR. The resonance has the
parameters

E=3.105+0.003 GeV,
<13 MeV

(full width at half-maximum), where the uncer-
tainty in the energy of the resonance reflects the

1406
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uncertainty in the absolute energy calibration of
the storage ring. [We suggest naming this struc-
ture y(3105).] The cross section for hadron pro-
duction at the peak of the resonance is = 2300

nb, an enhancement of about 100 times the cross
section outside the resonance. The large mass,
large cross section, and narrow width of this
structure are entirely unexpected.

Our attention was first drawn to the possibility
of structure in the e*e” — hadron cross section
during a secan of the cross section carried out in
200-MeV steps. A 30% (6 nb) enhancement was
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Observation des quarks

1969 : Friedman, Kendal, Taylor (et a
voient une déviation .
dans la diffusion
d'électrons sur des
protons explicables
par 'existence de
« partons » dans le proton...

Expérience de Rutherford — noYaux \

Les protons onT une « structure » :
= Des quarks - ' 1979
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| ‘Obé:érvaT_i on des Cjudr'ks |
& A S‘ranford (CA)

Accelera‘reur' lmealre
‘= Deux miles (32 km). -
- mElectrons de 20:6eV - -
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1973 - Bilan
Fantastiques succes de Ia QED (Feynman)

Doutes sur: - L m’rer'ac’rlon faible (Ferml) |
+ L'interaction for"re (Yukawa)

Peu de par"rlcules élémentaires |
~ 2 familles de leptons

1960
Tl‘f I ITITI+ ... 8t beaucoup (e. V ) (l"t Vu) :
EUE'I]] P v, oz d'autres | 2 f(lmllles de quarks
= "¢ o ' : ; -
E‘IE.'fid'ﬂ_.i k . (uld) (CIS)
(up, d:'?vnlj :frl.;a:ge} [chan:llirurttnm} ;
19|ﬁﬂ wl?u ‘L 1{,\|5ﬂ 1{?{}
A4 A44 A4 |
J;T Et c'est pas fini...
L
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