
1

DAVID GROSS

                 
     IHEP          October 20, 2024

J/     & QCD
<latexit sha1_base64="HLsUXMcn3oIa90SSrxW8mIXcFgA=">AAACDnicdZBLSwMxFIUzPmt9VV26CZaCuCgz1VbdFdy4HME+oFNKJr1tQzOZMckIZSi4d+NfceNCEbeu3flvzLQVquiBwOE7NyT3+BFnStv2p7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomz5RwJmAmmaaQzOSQAKfQ8MfXqR54xakYqG41qMI2gHpC9ZjlGiDOrmC50OfiQRuBJGSjI7G2HMV80B051gnl7eL56mO8dRUUmOfOLZTxk7RniiPZnI7uQ+vG9I4AKEpJ0q1HDvS7YRIzSiHcdaLFUSEDkkfWsYKEoBqJ5N1xrhgSBf3QmmO0HhC528kJFBqFPhmMiB6oH5nKfwra8W6d9ZOmIhiDYJOH+rFHOsQp93gLpNANR8ZQ6hk5q+YDogkVJsGs6aE703x/6ZeKjqVYvmqlK+6d9M6MmgfHaBD5KBTVEWXyEU1RNE9ekTP6MV6sJ6sV+ttOrpgzSrcQz9kvX8B4ZKdwQ==</latexit>

 



          1925 Quantum Mechanics

1911-13 Nucleus

1973 QCD

                2012 Higgs 

1968-71 Electro-Weak

  1974  J/
<latexit sha1_base64="6s9FfBZXFK/d2SumP1mkqOnqe0M="></latexit>

 

  1976— W,Z,tau, b,t,—



J. D. Bjorken, S.L. Glashow Phys. Lett. 11:25, 1964  
P. Tarjanne, V.L. Teplitz 1963; Y. Hara Phys Rev 134, B701  
Z. Maki, Y. Ohnuki,1964 

If SU(3) Why Not SU(4)?

Lepton-Quark Symmetry ?



4



5







8



9



VOLUME )4, NUMBER 1 PHYSICAL REVIEW LETTERS 6 JANUARY 1975

dation.
p. 3. Aubert et al. , Phys. Bev. Lett. 33, 1404 (1974).J.-E, Augustin et al. , Phys. Rev. Lett. 33, 1406

(1974)
G. Tarnopolsky, J. Eshelman, M. E. Law, J. Leong,

H. Newman, R. Little, K. Strauch, and R. Wilson, Phys.
Rev. Lett. 32, 432 (1974).
B. Richter, SLAC Report No. SLAC-PUB-1478, 1974

(to be published) .
~B. Aubert et al. , Phys. Bev. Lett. 33, 984 (1974).J. D. Bjorken and S. L. Glashow, Phys. Lett. 11, 255

(1964); S. L. Glashow, J. Hiopoulos, and L. Maiani,
Phys. Rev. D 2, 1285 (1970).
'A related approach to these problems is discussed in

A. De Rujula and S. L. Glashow, Phys. Rev. Lett. 34,
46 (1975) (this issue).
M. Gaillard, B.W. Lee, and J. Rosner, Fermilab

Report No. Pub-74/86-THY, 1974 (to be published).
~T. Appelquist and D. Politzer, Phys. Bev. Lett. 34,

&3 (1975) (this issue) .
S. Weinberg, Phys. Bev. Lett. 19, 1964 (1967).

11A. Salam, in E/epygentayy Particle Physics, edited by
N. Svartholm (Almquist and Wiksell, Stockholm, Swe-
den, 1968).
A. De Rujula, H. Georgi, S. L. Glashow, and H. R.

Quinn, Bev. Mod. Phys. 46, 391 (1974).
T. Eichten «&., to be published.
I thank S. Glashow for this observation.

Heavy Quarks and e+ e Annihilation*

Thomas Appelquist1 and H. David Politzerf
I-yrnan I.aboxatoxy of Physics, Ha~axd University, Cambridge, Massachusetts 02138

{Received 19 November 1974)

The effects of new, heavy quarks are examined in a colored quark-gluon model. The
e+e total cross section scales for energies far above any quark mass. However, it is
much greater than the scaling prediction in a domain about the nominal two-heavy-quark
threshold, despite 0 + - being a weak-coupling problem above 2 GeV. We expect spikes
at the low end of this domain and a broad enhancement at the upper end.

We report some theoretical work on e'e a.nni-
hilation in asymptotically free, colored quark-
gluon models of hadronic matter. Our fundamen-
tal assumption is that in addition to the light
quarks that make up ordinary hadrons, there is
a heavy quark, such as the charmed 6". This has
been suggested in several other contexts' and is
consistent with the observed scaling and success-
ful sum rules of inelastic lepton-hadron scatter-
ing. We argue that at energies well above the
6"(P' threshold ("threshold" and "mass" having
technical definitions which in no way imply the
existence of physical quarks), the total hadronic
cross section scales as in the free-quark model
because of the smallness of the asymptotic effec-
tive coupling. Scaling also holds in a region well
above the A,A. threshold and well below the 6"6"
threshold, with the magnitude set by the light-
quark charges. However, there are large en-
hancements in a finite region above and below the
6"6" threshold. We examine the behavior in this
region and the approach to the asymptotic region
a,bove it.
Consider the Lagrangian —4E""E„,+4(ip -m)%',

where FI ~ is the non-Abelian gauge-covariant
curl; 4 is several quark color multiplets: e.g. ,+ =6'„n„A.„6',', where i runs over colors; D„ is

' the gauge-covariant derivative; and m is the
quark mass ma.trix. We take the color gauge
symmetry to be exact, giving rise to strong forc-
es at large distances. Hence the gauge fields are
massless, and each quark color multiplet has a
given mass. We imagine m~, m~, and mz to be
small (& 1 GeV) while mq. & 1 GeV.
In renormalizing the theory, we define g in

terms of the two- and three-point functions at
some Euclidean momentum configuration of scale
M. If asymptotic freedom is to explain Bjorken
scaling, then forM=2 GeV, a, =g'/4s must be
small. m is related to the bare mass matrix m,
by m =Zm„where Z is adjusted so that the 6"
propagator has a pole at P'=mq. to any finite or-
der of perturbation theory.
The renormalization-group apparatus implies

that in the one-photon approximation o(e 'e —had-
rons) is of the form o(s, g, m, M) =o(s, g(s), m(s),s'"), where s is the square of the center-of-mass
energy, g=g[1+g bin(s/M )] '~', and m=m[1+g'5
x in(s/M )]" for small g, with 5 and d positive
group-theoretic constants. In particular, the to-
tal cross section, a function of a single energy,
is governed by g(s). Such is not the case for any
partial rate. If we are interested in a range of
s such that ln(s/M') = 0(1), perturbation theory in













ELECTRON-POSITRON ANNIHILATION  
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proximately 1.0 ~ 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 e~v 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. Schule, Ms. H. Feind,
N. Feind, D. Osborne, Q. 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 1964 I.Phys. Rev. Lett. 13, 79
(1964)].
'The first work onp+p p++p +x was done by L. M.

Lederman et al. , Phys. Rev. Lett. 25, 1523 (1970).
2S. L. Glashow, private communication.
3T. D. Lee, Phys. Rev. Lett. 26, 801 (1971).
4S. 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 gl. , following
Letter [Phys. Bev. Lett. 33, 1404 (1974)].
GS. 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. Augustin, p A. M. Boyarski, M. Breidenbach, F. Bulos, J. T. Dakin, G. J. Feldman,
G. E. Fischer, D. Fryberger, G. Hanson, B. Jean-Marie, g R. R. Larsen, V. Liith,

H. L. Lynch, D. Lyon, C. C. Morehouse, J. M. Paterson, M. L. Perl,
B. Richter, P. Rapidis, R. F. Schwitters, W. M. Tanenbaum,

and F. Vannuccif.
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

Q. S. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A. Kadyk, B. Lulu, F. Pierre, 5 Q. H. Trilling, J. S. Whitaker,

J. Wiss, and J. E. Zipse
Lau'rence Berheley Laboratory and Department of physics, Uninersity of California, gerheley, California g4 ping

(Received 13 November 1974)

We have observed a very sharp peak in the cross section for e+e -hadrons, e+e, and
possibly p, p at a center-of-mass energy of 3.105+0.003 GeV. The upper limit to the
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 p 'p. 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,
F&1.3 MeV

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

uncertainty in the absolute energy calibration of
the storage ring. [We suggest naming this struc-
ture g(3105).] Tbe 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 scan of the cross section carried out in
200-MeV steps. A 307o (6 nb) enhancement was
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3 quarks
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The discovery of the  J/   
<latexit sha1_base64="HLsUXMcn3oIa90SSrxW8mIXcFgA=">AAACDnicdZBLSwMxFIUzPmt9VV26CZaCuCgz1VbdFdy4HME+oFNKJr1tQzOZMckIZSi4d+NfceNCEbeu3flvzLQVquiBwOE7NyT3+BFnStv2p7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomz5RwJmAmmaaQzOSQAKfQ8MfXqR54xakYqG41qMI2gHpC9ZjlGiDOrmC50OfiQRuBJGSjI7G2HMV80B051gnl7eL56mO8dRUUmOfOLZTxk7RniiPZnI7uQ+vG9I4AKEpJ0q1HDvS7YRIzSiHcdaLFUSEDkkfWsYKEoBqJ5N1xrhgSBf3QmmO0HhC528kJFBqFPhmMiB6oH5nKfwra8W6d9ZOmIhiDYJOH+rFHOsQp93gLpNANR8ZQ6hk5q+YDogkVJsGs6aE703x/6ZeKjqVYvmqlK+6d9M6MmgfHaBD5KBTVEWXyEU1RNE9ekTP6MV6sJ6sV+ttOrpgzSrcQz9kvX8B4ZKdwQ==</latexit>

 particle
was a pivotal moment for the Standard Model

Electro-Weak: Essential for consistency of the 
SU(2)xU(1) Gauge theory of GWS.

Strong:  Turning point for the acceptance of QCD.
First evidence for heavy quark bound states that 
provide a rich laboratory for the study of 
perturbative and non-perturbative QCD.
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B mesons offset by -4000 MeV

The Light Hadron Spectrum Of Qcd
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Required improvement by 109  x 109 = 1018  

                                                       Theory     Moore’s Law 
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May the  next 50 years 
be as exciting as the 

last 50 years! 
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