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It is a pleasure to give the opening address for the First
International Conference on Hadron Spectroscopy. The International
Advisory Committee co-chaired by Neal Cason and Dave Peaslee has done
an excellent job in creating a very interesting and most stimulating
program.

However I also knov- from past experience that the Local Organi-
zing Committee chaired by Dave Peaslee have made an enormous and very
productive effort to organize the myriads of details a conference of
this scope entails.

Hadron interactions always seemed to me to be the most important
to understand simply because they are the biggest and the strongest,
thus they could hardly be approximated away. However, until recent-
ly, they were often looked upon by the theorists as the least worthy
of pursuing because they could not be calculated by pertubative
methods.

I have thought about what an opening address should concern
itself with. I concluded that one thing it should not be is a review
of the field. I rather leaned toward presenting some historical
perspective and commenting on some aspects of the present state of
the field and its future potential. I clearly will be picking and
choosing very specific material and even treating that rather
incompletely due to time constraints and to expedite emphasizing the
salient points. Also I will no doubt favor my own views of what the
content should be. I hope those who have other ideas will recognize
that philosophizing along his own views is a privilege of an opening
address speaker, and not meant to preclude other ideas.

The earliest Hadron Spectroscopy »?as the study of the excited
states of nuclei. At energies £ tens or MeV this sper.troscopy merged
into the continuum. After the discovery of the pion Fermi thought
that all the important Hadrons were discovered and proposed his
statistical theory about 1950. True, there were curious or strange
particles found in cosmic radiation, ho ever, they ware at the level
of only a few percent, Fermi proceeded to explain the important
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features of cosmic rays with his statistical theory'
predict any other resonant hadronic states.

which would not

However, within 2 years Fermi and collaborators had measured
the ir*p total cross sections using the pion beams available at the
Chicago Cyclotron. The results showed suprising energy dependence
(sea Fig. 1) which Brueckner (Ref. on Fig.) explained in a treatment,
based on the old strong coupling meson theory, of the lowest lying
nucleon isobar with I = J = 3/2 for the pseudoscalar meson field.
Although the cross sections rose, the energy was low enough so that
one could not see them come down again in the expected resonance
behavior and thus there was considerable suspicion that a resonance
was not really involved.
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Fto. 4.2.(b) Total cross-sections for scattering of it* and n~ mesons in hydrogen (including
charge-exchange). (From Brueckner. (1952). Phys. Rei: 86, 106.)

Figure 1

Early in 1953 the higher energy beams which became available at
the Brookhaven Cosmotron were used to show that a prominant peak
occurred in both i^p cross sections followed by a rapid decrease at
higher energies (see Fig. 2) and that these data could be fit by the
Brueckner resonance formula.

Subsequent higher precision measurements of total and differen-
tial cross sections were made by several groups (see Ref. 4 for a
complete history of the early pion-nucleon and nucleon-nucleon inves-
tigations and analyses). It was also shown that the production of
pions in Be and H disagreed strikingly with the predictions of the
Fermi Statistical Theory (see Fig. 3) and suggested the isobar model
instead. However, Fermi, Metropolis and Alei in a phase shift ana-
lysis never found a resonant solution for n~p scattering and their
conclusion was that the results could best be explained by a large
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Fig. 2 From Lindenbaum and Yuan, Phys. Rev. 9£, 1578 (1953); 93_, 917
(1954); Proc. IV Annual Rochester Conf., p. 100 (Inter-
science, N.Y., 1954).
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FIG. 6.2. Comparison of the experimental results for the production of pions in Be and H
(positive pion spectrum ooly) with the statistical theory predictions. ([11]. (1956). Phys. Rev.

103,404.)

Figure 3: Lindenbaum and Yuan.

I = J = 3/2 phase shift which rose to about 50° and then fell again
at the higher energies (i.e. did not go through resonance ">
accompanied by a rather large S-wave phase shift toward tne high
energy end. This implied that the earlier fit to the data by the
Brueckner formula was an accident.



The mystery as to why the phase shift analysis solution of
Fermi, Metropolis and Alei did not show the I = J = 3/2 resonance had
been resolved by deHoffman, Bethe and Metropolis. They showed that
when they searched for it they could obtain a solution with 633
resonating which fitted the data almost as well as the original
Fermi-Metropolis solution. The original Fermi-Metrcpolis work requi-
red merely a best fit as to the phase shift problem and thus missed
the slightly (but not significantly) worse fit resonance solution.

The success of the isobar model and the one meson exchange
models which built on it had by now shown that the statistical theory
was unviable. Not only the nucleons, but the pions, kaons, and even
strange baryons were found to have excited states, and the population
explosion that led to modern Hadron Spectroscopy was in full force.
Thus it was clear that Hadron Spectroscopy was the dominant element
in the Hadron Interaction studies of the time. As we all know, most
physicists even now always carry their Particle Data Group booklet
with them.

The population explosion of elementary particles made it clear
they were not elementary, and this led to unitary symmetry and the
Global Gauge invariance of SU(3)quarjc fiavOr

 a n^ the quark model.
Particular values of J ^ nonets were predicted for mesons and
octets and decuplets for baryons. The experimental particle state
data was well classified within these patterns and to a large extent
this is still true today.

At this point I decided to look at the First Experimental Spec-
troscopy Conference (EMS 1968) for guidance as to what history can
tell us. It was surprising that in the EMS 1968 Proceedings, the
Quark Model was under serious attack. The split A2 had reared its
ugly (from the point-of-view of the quark model) head.

In Fig. 4 we see the combined results of Maglic, Kienzle _et_ al.
which involved three different runs with different equipment and the
results of two of them had a 5o" significance all by themselves.
Numerous confirmations came pouring in for example the 3 0" results of
Crennel et al. (Fig. 5) in EMS 196S and later the world integral
seemed to make the split A2 very hard not to accept and in fact it
was listed by the Particle Data Group as a heavy and a light A2 meson
- an early listing being shown in the July 1968 version, abstracts of
which were Included in the EMS 68 Appendix. Later JPC = 2*H" was
assigned to both A2L and A2H.

Theorists were speculating about double poles and in fact the
EMS 68 Proceedings contained a paper by Alfred S. Goldhaber which was
entitled "Double Poles". The split A2 implied great trouble for the
quark model, perhaps even its ultimate death because if the A2 was
split into two states with the same quantum numbers it was clear
there were not splits in any of the other mesons of the Jpc = 2"*"1"
nonet or any other nonets.
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split A2. The bottom curve is statistically insignificant.



Fortunately for the Quark Model it was thereafter shown that the
A2 meson was not split. (See Figs 6 and 7). The original split A2
work had too much statistical significance and was done with several
setups in different channels so that a systematic error seems
unlikely.

The only reasonable explanation I can think of (remembering dis-
cussions at the time) is that over zealous searching for the effect
led the original investigators into inadvertent data selection which
selected those statistical fluctuations in a Brelt-Wigner which
showed a split and rejected the other data samples.

The independent confirmations then probably resulted, from what
I called at the time, the "Bandwagon Effect." This effect works in
the following way. After the report of the split, many investigators
look at their data, and those with marginal statistics (say - 3a)
showing a split report a confirmation of the. original work. Those
showing no split or perhaps a peak assume they are likely experien-
cing a statistical fluctuation or perhaps systematic errors, and are
thus unlikely to report their data and generally do not. Thus the
confirmations unwittingly do the same kind of data selection as the
original work. Thus we can learn from history that if one decides to
check an effect (or search for a new effect) it is important to make
the decision to publish the results independent of preconceived
notions as to the physics outcome of the check, otherwise one is
inadvertently a contributor to the bandwagon effect.

In this First EMS Conference Art Rosenfeld presented -a paper
entitled "Are There Any Far Out Mesons or Saryons." By far out he
meant "Exotic" in the qq model. Art Rosenfeld stated his conclusion
at the beginning: "To save the time of readers who might look for
positive evidence, let me immediately state my answer to the question
in the title: there is no evidence for any far out mesons. I will
show that the number of claims published corresponds reasonably well
to the number of statistical fluctuations, that one would expect.

He then lectured on the dangers of buap hunting especially nar-
row 1 bin effects. In 1968 he suggested > 4a, preferably 5o be
required before a bump is taken seriously. He pointed out that the
number of potential false resonances equals the product of the number
of histograms plotted * number of deceptive fluctuations in each his-
togram. He also pointed out that employing cuts to enhance signals
(and using results only when its sucessful) makes the problem even
worse.

In 1985 due to the data gathering explosion the problem is worse
and we can learn from past as well as present history that extrame
caution is in order.

The early successes of the Quark Model (see papers by Dalitz and
Zweig in EMS 68) were later clouded by the problems of parastatistics
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FIG. 10.3.(a) The K-KJ effective (i.e. invariant) mass spectrum observed in the reaction
K'+p—»K° + K~+p for 20-3GeV/c incident 7t~ on hydrogen. The solid line is a Breit-
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Wigner-type fit corresponding to / « 2. The dashed line is a 'dipole fit' which is unacceptable.
(From Foley et al. (1971). Phys. Rev. Lett. 26,4!3.)
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FIG. 10.3.(b) The K"K,° invariant mass (GeV)observed in the reaction n~ +p — K"+K° + p.
1

for 17-2 GeV/e s~ incident on hydrogen. The solid line is a Breit-Wigner-type fit corresponding
lo / -= 2. The dashed line is a linear fit to the background. (From Grayer et al. (1971). Phys.

Lett. B 34, 333.)

Figure 6: From Ref. 4. The primary references are in the captions.
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and some rate mysteries. The proposal of the three colors for quarks
solved this problem. Furthermore this led to the proposal of Local
Gauge Invariance of SU(3)coior which was embedded in Quantum Chro-
modynamics (QCD).

The Local Gauge Invariance of the non-abelian gauge group
SU(3)CO2or ked

 t 0 asymptotic freedom (infrared slavery) and the
self interaction of gluons. Color confinement was necessary to have
a consistent understanding of the lack of discovery of free quarks
and other experimental phenomena. Lattice Gauge and related theore-
tical work supports the expectation of color confinement for QCD.

Locally Gauge Invariant SU(3)coior is in my opinion the most
important and elegant of all the gauge theories. I say this because
although the Hadronic Interaction is the biggest and the strongest,
it has for a long time been considered the ugliest, by our
theorists. Locally Gauge Invariant SU(3)C0iol and QCD make
hadronic interactions and spectroscopy both elegant and beautiful.
Furthermore SU(3)coior is the only gauge theory which is presumed
unbroken from very low energies to some very high mass scale way
beyond present reach. Thus SU(3)C transformed the ugly duckling
(strong interactions) into the beautiful Swan (QCD).

The combination of Asymptotic Freedom (infrared slavery) self
interaction of gluons and color confinement make the existence of
glueballs (i.e. multigluon-resonant states) inescapable.

In fact in a pure Yang Mills theory of SU(3)coior (i.e. QCD
without quarks) the only hadrons would be glueballs. Yet when we
look in our Particle Data Group Tables we do not see a glueball
section or even a single state listed as a glueball. The necessity
for glueballs is clearly built into the guts of QCD. Thus in spite
of the many successes of QCD, if there are no glueballs, QCD and the
local gauge invariance of SU(3)coior on which it is based are very
probally untenable. QCD can probably live with or without hybrid
(qqg) states, but I do not believe it can survive without glueballs.

Thus the establishment of glueballs is of the greatest
importance if QCD and SU(3)coj_or are to survive. There are a
number of glueball candidates, the most prominant of which are the
iota, the 8, the gx, grf and gj». Alternatives to the glueball
explanation exist for the (iota, 9).

However I have concluded all alternative to the glueball
explanations for the gf, g-j' and g-p" are incorrect, or do not
fit the data, or both. Thus the gf's are only at present
reasonably explainable as produced by 1—3 primary glueballs. I refer
you to my later talk (paper with R.S. Longacre) at this conference
for details and references.
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Fig. 8 shows the standard quark model assignments for some of
the better known mesons. It is clear that the JPC - 0""1", 1 — , 2+"1"
and 3 nonets are well established and the quark model is in good
shape for these nonets. It is also clear from Fig. 9 that except for
the J = 0~+ nonet which is far from ideally mixed, all the others are
approximately ideally mixed. One can expect the J? = 0~+ to be
badly mixed due to vacuum effects (Novikov et al., Nucl. Phys. B191,
301 (1981). It is also expected that vacuum effects will not have an
appreciable mixing effect on those nonets which have J _>. 1» and the
corresponding observed nonets (Fig. 9) all show nearly ideal mixing.
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Besides vacuum effects the only other appreciable basic mixing
mechanism expected within the framework of QCD is the existence of
glueballs. Therefore in the absence of glueballs qq states in the
uds quark system would form nearly ideally mixed nonets and when you
add c and b quarks you would still in the absence of vacuum effects
and glueballs get nearly ideally mixed higher multiplets.

Nearly ideal mixing and asymptotic freedom lead naturally to the
OZI suppression in Zweig disconnected diagrams. Serious departure
from ideal mixing and the breakdown of the OZI suppression for J ^ 1
qq states would be expected to occur only when glueball states occur
near enough to the singlet states with the same quantum numbers and
the right mass width etc. to mix the glueball and the singlets.

The J/<|> discovery by Sam Ting and Burt Richter led to the
beautiful J/ip system spectroscopy, which was later followed by the T
system spec.troscopy. The J/i|> and T spectroscopies show that the
Non-Relativistic Quark Model (NRQM) works extremely well. There are
many well-known beautiful results from these spectroscpies which
strongly support QCD.

One thing an Opening Address Speaker should not do is run
overtime and preempt conference paper time. Thus I will have to
refrain from discussing ,these and many other beautiful and important
results which will at least partially be covered later in this
conference.

Finally I would like to say that all aspects of hadronic
spectroscopy must be persued vigorously to complete our knowledge of
both hadronic spectrosocopy and hadronic dynamics which are closely
related. In particular, soft QCD spectroscopy must be pursued
vigorously on all fronts since we ultimately want to have all the
information we can so as to make sure that QCD works quantitatively
as well as qualitatively in this realm. In this regard the rate of
progress of lattice gauge calculations is encouraging.

Eminent theorists like T.D. Lee and his colleagues are building
powerful computer systems to extend these studies and furthermore the
computer capabilities are increasing rapidly. Therefore I believe in
the long run we will be able to have detailed comparisons between
Lattice Gauge calculations and Hadron Spectroscopy.

I now end my talk so that the very interesting and informative
program of this conference can begin. I am sure this conference will
lend further needed emphasis to the important field of Hadron
Spectroscopy.



13

References (Only early historical references are given.)

1. Fermi, E., Prog. Theor. Phys. Osaka 5, 570 (1950); Phys Rev. j>2_,
452 (1953). *~

2. Anderson, H.L., Fermi, E., Long, E.A., and Tagle D.E., Phys.
Rev. 85, 936 (1952).

3. Lindenbaum, S.J. and Yuan, L.C.L., Proceedings of the IVth
Annual Rochester Conference (Interscience, N.Y., 1954), pp. 100;
Phys. Rev. j£, 1578 (1953); j>3_, 917 (1954).

4. Particle Interaction Physics at High Energies by S.J.
Lindenbaum. The International Series of Monographs on Physics,
Oxford University Press (1973). See Chapters IV and VI for a
complete history of the early pion-nucleon and nucleon
interaction studies, and analyses.

5. Lindenbaum, S.J. and Yuan, L.C.L., Phys. Rev. J?3_, 1431 (1954);
Phys. Rev. JL03, 404 (1956).

6. Lindenbaum, S.J. and Sternheimer, R.M. (1957) Phys. Rev. 105,
1874.

7. Fermi, E., Metropolis, N. and Alei, E,F. (1954) Phys. Rev. 95,
1581.

8. DeHoffman, F., Metropolis, N., Alei, E.F. and Bethe, H.A. (1954)
Phys. Rev. _95 (1586). This article follows that of Ref. 7 in
Phys. Rev. Both should be read to understand the situation.

9. Proceedings, Meson Speccroscopy, Editors, C. Baltay and A.H.
Rosenfeld (W.A. Benjamin, Inc., New York 1968).


