On the

Track of Modern Physics

Charm of Charmonium

Scientists are very calm and equillibrated persons.
Only sometimes they get very excited — in particular
when they discover an elementary particle.

This was the case of “charmonium”. the meson made
of cc quarks. the first evidence of the fourth quark.
completing the second family (that of strange quark)..
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Experimental Observation of a Heavy Particle J*

9.3 Aubert, U, Bcker, ©. . legs, J. Burgor M. Chen, G, Bueraxt, B Goldbage,

J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C. Ting, and Sau Lan Wa

Lenemtion oy Sk Seince and epertmit of Physics, Msachuseli it of Techrloe,
vidge, Massachusells 02139

and

Brookhaven National Labouiory, Upton, Now Yovk 11973
ecelved 12 November 16741

Wo roport the obsorvaton of a eavy particle J, with asa i -1.1 GV asd width 1p-
proximately zoro, Tho obsorvation was made from the reaction s 1 Be-ve 4 ¢+ by
‘moasuring tho o 6" mass spectrum with a procise pair spoctromoter at the Brookhaven
National Laboratory’s 20-GeV alternating—radient ssnchrotron,

The discovery. as seen
‘ from the date (hours?)
of the two papers
submission was done
of 7"‘ ‘ contemporary by
soof w two groups.

One of them (MIT.
Brookhaven) made
measurements

in several channels
(decay into meson.
barions and leptons).

Onother one (Stanford.
Berkeley) just hit it with
a single shot.
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Discovery of a Narrow Resonance in ¢ * ¢~ Annihilation®

J.-E. Augustin,t A. M. Boyarski, M, Breidenbach, F. Bulos, J. T. Dakin, G, J. Feldman,
G. E. Fischer, D, Fryberger, G, Hanson, B, Jean-Maric, R, R. Larsen, V. Lith,
Lynch, D. Lyon, C. C. Morchouse, J. M, Paterson, M. L. Perl,
B. Richter, P. Rapidis, R, F, Schwitiors, W. M, Tanenbau,
and F. Vannucei
Stanford Linear Accelerator Center, Stanford University, Stanford, Califoria 94305
and

G5 Abrams, D. Brigs, W, Chinowsky, . £, Felebere, . Goldiaber, R.J. Hollobock,
Kadyk, B, Luly, F. Pierre,S G, H. Trilling, J. . Whitake
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Two paper. two groups.
two Nobel prizes and two
names are used for the
same particle
charmonium Jand V.

At vl e
6o Q-

8

EVENTS /25 MaV.
8

Is’nt it charming?

FIG, 2, Mass spootrum showig tho axistare of /.
Rosulis from fro speotzometor settings aro plotied
showing that o poak {s indeporsdant of spoctromator
aurvonts, Tho ot reduced ourrent was taken £wo
onths later han ho normal run,

There was also a third group, from Rome, who
published a paper just below the two upper.
But they declared to have adjusted their
machine for the shot after the call from USA.

No Nobel prize for them...

One discovery starts (“triggers”) the whole series:
there is enough work for both experimentalists and
theoreticians.
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Spectrum of Heavy Mesons in e'e” Annihilation®

Barry J. Harrington, So0 Yong Park, and Asim Yildiz
Lyman Laboralory of Physics, Harvavd Universits, Cambyidge, Massaclusells 02133
31 December 1974)

‘The pleture that oharmed quarks are interoting with ench other through & Hnear po-
et i s o anaze tho paticl spoctrm Inth gh-cnergy oaiilion procoss

2" ~hadrons, With the newly found resonances at 3.1 and .7 GeV a3 inpat, ve pro-
Gt ather resoraaocs s parteulur, on af Approniely 4.0 Cov) and Gttt o
hadeic width of e 2.1 s kel widh of b 0.1 4 3.7 soumanoas, el
the ltnear potontial to quarks withoot chrm coables ua fo prediot the charmed-particle
hroshold o be approcimatal 5 Go
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Comment on Radiative Corrections to e* ¢~ > ¢ (3105)f

D. R. Yemnio
Laboratory of Nuclear Studies, Comll University. Whaca, New York 11857
(Roecived 16 December 1974

i features of the radiative corrections to the line shape of the reaction ¢*e
ixo doseribed, emphaslziag the Imporiance of treatieg (o Infrared divorgence

ontativo valuo of 5.2 keV s obtained for the partial widh for the § o
ooy to ee”. An interesting but posaibly fortultous volation among the leptonle decay
Widths of the 1%, , ¢, and ¢ 15 noted,

Voruss 34, Nusasa 4 PHYSICAL REVIEW LETTERS 27 Jaxvany 1975

SU(4) Symmetry and the Possible Existence of New Hadrons*

S. Okubo, V. S. Mathur, and S. Borchardt
hiversity of Rocheste, Rockeser, New York 14627
cceived 25 November 1974

We dertve SU4) mass formulas taking mixing, whenevor it avisos, fully ino account,
Wt he magans of o st adrons nd s of th0 nowly discoverad resonanco b as in-
P, we prdict the masses of the now 1- and 0° mesans as well as the 3 and & baryons,

Charmonium is a meson composed of charm quark and
antiquark. This is quite an exception in mesons family -
mesons like to be composed from mixed quarks: meson m
(that of nuclear forces) of u and d (or vice versa), K-mesons
(those of CP symmetry breaking) of s and d, B-mesons
(those from “BaBar” and “Belle” experiments) of b and u.

The energy (mass) spectrum of the cc meson is really rich.

Two months is more or less the (quickest) time for
answering a (scientific) letter.
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Comment on Nonleptonic Decays of Charmed Hadrons*

A Dais and V. Riterberg
The Rockefeller 0 9, New York, New York 10021
o Februazy 1075)

Within the framework of  Ud) symmetry, 2 discnssion of the nonleptonte docaya of
charmed hadrons wndex the assumptlon of pentadecsplet dominance teads to conelusions
whioh may be rolevant to fimpending charmed-particle scarches,

Vouuwe 31, Nesme 11 PHYSICAL REVIEW LETTERS 17 Mawcn 1975

Orbital Excitations in Charmonium®
7 3. Harrington, Soo Yong Park, and Asim Yildiz
Lyman Labomtars o Phasics, Tursend iocssty, Combridee. Mtessoepusets 21
(Recatved 22 December 1974)
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An than the story goes on, until the next
(experimental and/or theoretical) shot...

Vouumr 35, Nowsse 9 PHYSICAL REVIEW LETTERS | Seerenom 1975

Color Gluons and the Decay of the $(3700) into Y(3100)*
Department of Physies, Novlheastern Uiversity, Boston, Massachusetts 02115
(Received 21 Apell 1675)

The decay of §(3700) into $(2100] plus hadrons constitutes & viclation of Zwelg's rule.

ameters entering the caleulation ave taken from previous {1t o the decsy widths of
the 4(3100)

Vorusn 55, Newnrx 22 PHYSICAL REVIEW LETTERS 1 Dsconen 1975

P States of Charmonium and the Forces that Confine Quarks*
Howard 3. Schnitze
Oeurtment o Pisis, Bradeis Unecrt Vatham, Massachusets 07151
colved 18 August 1975)
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become if the forcos are of vector charseter.

The fourth quark was discovered in 1974.
but the theory (M. Kobayashi and

T. Masakawa) in the same year
predicted next two...

7.25)

hadfony

Baryons [mass in MeV/c?]

Mesons Baryons

Mesons

uud p (proton) (uu + dd)N2 T (neutral pion) ddc X (sigma-c)
m=938.271998 + 0.000038 m=134.9766 + 0.0006 2452.6 + 0.6

udd n (neutron) ud T (positive pion) udc X (sigma-c)
m=939.65330 + 0.000038 m= 139.57018 +0.00035 24513 +0.7

charge radius r=0.672x10""> m

uud  p (antiproton) du T (negative pion) uuc X ** (sigma-c)
m= 938 m= 139.57018 + 0.00035 2452.6 + 0.6

charge radius r=0.672x10"> m

+ Charmed

cc  J/¥(charmonium) also called m,
3096.87+ 0.04

cu DO

1864.5 £ 0.5

cd Dt
1869.3 £ 0.5

cd D
1869.3+0.5

+ Strange

uds A (lambda) ds  K° (neutral kaon) udb AL

1115.683 +0.006 497.672 + 0.031

uds X (sigma zero) ds  K° (neutral antikaon) ush

1192.642 +0.024 497.672 + 0.031

5624 +9

=0

Zp
Energy ?
lifetime 1.39 ps

uus  X* (sigma plus) us  K* (positive kaon) K

1189.37 + 0.07 493.677 £ 0.013

dds X (sigma minus) su K- (negative kaon)

1197.449 +0.030 493.677 £ 0.013

)

+ Bottom
bb ¥ (ypsylon 1977)
9460.30 + 0.26
ub Bt
5279.0+ 0.5
lifetime 1.674 ps ...

to be continued ...
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