The 1968 “Rochester” conference on
high-energy physics took place in Vi-
a from 26 Aug. to 5 Sept. It was
eld in the conference center of the
‘Hofburg, in halls with marble walls,
‘gorgeous decorations, and abominable
‘acoustics. Some 1000 people attended
it, about one quarter from the US, and
‘most of them worked seven hours a
day for seven days to review high-
energy physics. Even so, a number of
‘areas had to be left out, and even
- those areas included received a rather
- superficial treatment.

In summarizing the experimental
situation I must start on an optimistic
note. Five years ago the combined ef-
fort of some 30 people over two years

~might have resulted in perhaps 40
events of a reaction, which, arranged
‘into four fat angular bins, was pre-
sented as a differential cross-section
angular distribution. In sharp con-
trast a present-day set of differential
cross sections typically consists of 10%
measurements at ten or twenty differ-
ent angles. Even more important,
measurements of experimental ob-
servables other than differential cross
section are beginning to be common-
place. Final-state polarization, experi-
‘ments with linearly polarized photons
and polarized targets are some ex-
amples. All in all, the quality of high-
energy experiments is beginning to ap-

Falls Behind Experiments in High-Energy Physics

proach the level we have been used to
in low-energy nuclear physics for years.
The change is due to a combination of
improved beams, improved detection
equipment, and, perhaps most im-
portant, improved data-analysis meth-
ods and equipment. The impact of
this qualitative improvement on the
testing of theoretical ideas has been
striking, and it probably contributes
also to an improvement of morale in
high-energy experimental physics. For
the moment it appears that high-en-
ergy physics will not come to a halt
because of the increasingly insur-
mountable difficulties of the experi-
ments.

Now let us turn to the experimental
results in more detail. Let us classify
them into four rough categories, not
according to the experimental tech-
nique used but according to their pur-
pose. These categories are: discovery
of new particles, determination of in-
trinsic properties of particles. study of
particle decays, and determination of
particle dynamics in reactions.

New particles. The first category,
methods of discovering new particles,
goes generally along two directions.
We can study the correlations among
particles in a many-particle final state
of a reaction, by looking at the devia-
tions from the distribution of kine-
matic variables as given by phase space
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alone. Or we can make a complete
angular-momentum decomposition of
the reaction amplitudes and look for a
resonance-type behavior in a certain
angular-momentum state. The second
method can so far be applied only to
the nucleon-nucleon, pion-nucleon
and kaon-nucleon systems, and only at
relatively low energies. The list of
“elementary” particles has again
changed in the past two years, by the
addition of some new particles, by the
disappearance of the evidence for some
particles previously thought to exist,
and by improved knowledge of the in-
trinsic quantum numbers of the par-
ticles.

The difficulty of establishing new
particles is increased because almost
all of them are very unstable and hence
have large widths that overlap with
each other, Furthermore, in extreme
cases, even the concept of a particle or
resonance becomes hazy. A particular
example is the so-called “A.” meson,
which can show itself as two very close
peaks in one correlation distribution,
but only as one peak in another dis-
tribution.

The major improvement in the data
on the pion-nucleon system is informa-
tion on two-body inelastic channels,
suchasz +N=2K+ Y, 4+ N>,
+ N, and » + N — 7 + N#, although
this information has not been well in-

.

* . it is not clear whether what we mean by resonance is a counterclockwise loop in the Argand dia-
gram, a pole on the second Riemann sheet, a bound state of quarks, or . ..
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ucleon channel. Qualitatively,
ever, most resonances seen in the

> photoproduction process y + N —

N.

A cosmic-ray experiment is exciting
h interest. The original purpose
to measure cosmic-ray neutrinos,
the huge detection equipment is
a deep mine in Utah. A preliminary
eriment was a measurement of the
imuthal distribution of high-energy
gons from cosmic rays. If one as-

y of high-energy pions that, in
are produced by the high-energy
imary particles impinging on the
h's atmosphere, one finds, using
‘quite model-independent assumptions,
that many more muons should come
- from near zenith than from near the
‘horizon. The experiment in Utah,
however, appears to give almost no
dependence on the azimuthal angle.
One possible explanation of isotropy
would be the existence of a very heavy
~meson, produced by cosmic-ray pri-
‘maries through strong interaction and
then decaying into muons. The imagi-
‘nation of a number of theorists has run
‘wild in this direction, but was some-
what damped at the conference by the
report that a group working in India
‘with similar equipment could find no
‘evidence for the Utah isotropy. Now
‘these two groups, as well as others
‘working at sea level, will repeat the
experiments.

Properties. Determination of the
intrinsic properties of particles has also
progressed. Spins, parities, and other
intrinsic quantum numbers of unstable
particles, are generally determined
from their decay distribution and po-
larizations, Some interesting develop-
ments have occurred in connection
with some “ancient” characteristics of
some “ancient” particles: The g — 2
factors of both the electron and the
muon, as determined experimentally,
are now in disagreement with theory,
the gap between the ends of the error
bars being 2.5 and 0.5 standard devia-
tions, respectively. The experimental
value of the Lamb shift in hydrogen
now also differs from its theoretical
value by 3-4 standard deviations. An-
other intrinsic property that is studied
with ever increasing accuracy is the
form factor, or “charge” distribution,
of various particles. For the electro-

magnetic form factors of nucleons no
deviation from the functional form pre-
dicted by quantum electrodynamics
has yet been found in electron-nucleon
or muon—-nucleon scattering, or in other
reactions such as wide-angle pair pro-
duction, wide-angle bremsstrahlung
and muon tridents. There is also no
evidence for a difference between the
behavior of the electron and the muon;
hence the mystery of why the muon
exists at all persists. There is some
evidence that, at high momentum
transfers, the so-called “dipole fit” to
nucleon form factors is not sufficient
any longer. There is some problem
with the form factor of the neutron.
It is measured in electron-deuteron
scattering, and thus a correction for the
deuteron structure must be made.
Such deuteron corrections also appear
in other reactions such as neutron—
proton scattering, which can be mea-
sured either directly as neutron-proton
or indirectly as proton-deuteron scat-
tering. The comparison of the two
methods shows a possible discrepancy,
so the question of such structure cor-
rections has leaped into the foreground
again. Attempts are also made to
measure the pion electromagnetic form
factor in electroproduction of pions
and the form factors of some resonant
states. The first result of colliding-
beam electron-electron scattering ex-
periments fails to show any deviation
from relativistic predictions based on
two pointlike charges.

Particle decays are studied with
several aims in mind. As well as the
determination of some intrinsic prop-

erties of the decaying particle, already
mentioned, one might be interested in
testing conservation laws, determining
branching ratios, formulating a phe-
nomenology of weak interactions or
checking some dynamical predictions.
For the conservation laws the main
problem remains the possibility of CP
violation (C = charge conjugation, P
= space reflection). Kaon decays
show fairly firm evidence of features
that, in terms of our present ideas, are
generally interpreted as coming from
CP violation. In addition the x+-7
asymmetry in the y = 772" decay
suggests a possible nonzero effect that
could be interpreted in terms of C vio-
lation. On the other hand, if CP were
violated in general, one would also ex-
pect an electric dipole moment for the
neutron, at least if CP violation has an
electromagnetic origin. The experi-
mental upper limit, however, for the
electric dipole moment of the neutron
has now been pushed down to 4 x
10-* em times the electronic charge,
which is an extremely small quantity
indeed. Attempts to test C, CP and T
(time reversal) in weak, electromag-
netic, and strong interactions continue,
as well as attempts to test the CPT
theorem, which links T violation with
CP violation. All of these conserva-
tion laws have withstood all tests so
far in other electromagnetic and strong
interactions.

The phenomenology of weak inter-
actions continues to be successful.
The characteristics of weak decays may
be described in terms of one angle
parameter only, although this angle is

L
o~

. . . an experimental peak.”

{ Another concept of resonance.)
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slightly different for the vector and
axial-vector parts, and for mesonic and
baryonic decays. Much new informa-
tion has been accumulated on the
branching ratios of kaon decays, which
can serve to check such rules as the
|aI| =1/2 rule (I being the isospin).

Dynamics. The last group of ex-
periments is perhaps the largest one,
and consists of data on reaction cross
sections, Apart from the extremely
preliminary data from the Serpukhoy
accelerator on proton-proton scatter-
ing at 70 GeV, data are restricted to
below 30 GeV, and most of the in-
teresting data appear to come below
10 GeV. Much effort has centered
around differential cross sections of
various reactions at very small or very
large angles, because the theoretical
Regge-pole predictions apply mainly
to those cases. In the low-energy re-
gion pion-nucleon scattering has now
been sufficiently studied in terms of
differential cross sections and polariza-
tions, up to about 2 GeV, to allow a
definite and perhaps even unique
partial-wave analysis. The nucleon-
nucleon system is known in these terms
only up to 0.8 GeV, and even there
not very well. The kaon-nucleon sys-
tem also has some partial-wave de-
scriptions at low energies. Other data

are not complete enough yet to de-

termine reaction amplitudes, so com-
parison with theory is possible only
through features of some of the sim-
plest experimental observables. Dif-
ferential cross sections at various en-
ergies and angular ranges have been
measured for: x4+ N =+ N, +
N—>K+Y,2+N=2>xr+2+N
y+N‘_‘rr+N,y+N‘—>1r+N*.
y+N=2>K+Yy+N=>,+N,
y+N"“m+N.}f+N'_)¢+N,P
+p2>p+pnt+p=>nt+pps
p—2p+p, K+ N—->K+ Nand
some others. Polarization information
for the reactions # + N = 7 +N, = +
N—=>K+Y,p+p—>p+pad
p + p = p + p exists, and the photo-
production reaction y + N = # + N
has been studied with linearly po-
larized photons. There is also cross-
sectior. and multiplicity information on
reactions resulting in many final-state
particles, such as # + N = nx + N,
where n is some not-too-high integer.
A surprising result came from kaon-
photoproduction data, which showed
that SU; symmetry fails for that reac-
tion at small momentum transfers, even



at the highest energies where data
exist.

In other dynamical experiments elec-
tron and positron scatterings appear to
be equal within experimental error:
thus they show no effects of two-
photon exchange processes. We have
a particularly accurate and complete
set of measurements of proton-proton
scattering including scattering at large
angles, as a function of energy. An in-
teresting and promising area is high-
energy reactions from nuclei, such as
coherent photoproduction from nuclei.

High-energy theory. Not many
years ago the theoretical trends in
high-energy physics were concentrated
on efforts that had very little to do with
experiments. The Mandelstam repre-
sentation, bootstrap theory, and even
most of ordinary dispersion theory,
were perhaps esthetically attractive,
but seldom did they result in nu-
merical predictions or even in a quali-
tative guide as to what experiments
should be performed. More recent
trends in high-energy theory might
well turn out to be just as unsuccessful
in solving the problem of elementary-
particle dynamics, but at least they
have a much closer relationship to ex-
perimental high-energy physics. It is
impossible to overestimate the im-
portance of this relationship for the
morale of experimentalists, and for
keeping theoretical physics from be-
coming only a mathematical exercise.

Reggeism. Perhaps the most densely
populated theoretical trend is the
Regge-pole scheme. It has been with
us for some years now, but some im-
portant additions have been made dur-
ing the past two years. It is a subject
surrounded with an unusual amount of
controversy, sometimes with emotional
overtones, so that a “balanced” eval-
uation might not only be almost im-
possible, but would also miss the flavor
of excitement in the field. I will try
therr.jfore to give two extreme views on
Regge theory, one by a great en-
thusiast and one by a bitter opponent.

To an ardent fan, Regge theory is a
fundamental theory of strong interac-
tions that is well on its way to give a
unified account of all experimental
data in the field. He will point out the
various correct predictions of Regge
theory for some shrinking diffraction
peaks, for dips in angular distributions,
for particle trajectories in the mass-
versus-spin plots, and, in its multi-
Regge form, for multiplicities in multi-
particle final states. He will rave
about the way Regge theory can auto-

matically eliminate divergencies pre-
viously encountered in high-spin par-
ticle exchanges. He will point at the
finite energy-sum rules, which are es-
sentially dispersion relations written for
the difference of asymptotic and non-
asymptotic amplitudes, and demon-
strate their power of relating high-
energy Regge contributions to low-
energy resonances, thus giving a
natural explanation of the latter. He
will demonstrate with great excite-
ment how a Regge pole, when decom-
posed into partial waves, gives counter-
clockwise loops in the Argand diagram
that can be interpreted as resonances.
He will marvel at the brilliant way
Regge theory has discovered new sets
of particles (so-called “conspirators”™)
that have not been seen directly but
become evident through a comparison
of Regge theory and experiment. He
will emphasize the way in which finite
energy-sum rules, in Regge theory,
make possible the formulation of a new
bootstrap theory, thus enabling the
calculation of all strong-interaction dy-
namics from the principle of self-con-
sistency. Finally, he will explain how
the multi-Regge exchange theory, to-
gether with the assumption of the
existence of only “local” correlations
between particles in complicated dia-
grams, allows the formulation of the-
ories of multiparticle processes without
ever leaving the physical region of the
reaction amplitudes, thus circumvent-
ing one of the difficulties of previous
S-matrix theories,

To a severe critic, the Regge-pole
scheme is ad hoc phenomenology that
has gone sour. He will point out that,
originally, the Regge-pole scheme
started from the hope that the rela-
tively simple pole structure in the com-
plex angular-momentum plane, found
for the nonrelativistic Schrodinger
equation with some harmless po-
tentials, will carry over to general, rela-
tivistic reaction amplitudes. The orig-
inal attraction was the expectation that,
perhaps, dynamics can be formulated
entirely in terms of poles with con-
tributions that can be calculated; so no
bothersome cuts of the usual type
would have to be reckoned with. In
this original scheme each such pole
trajectory could be characterized in
terms of three parameters: the inter-
cept and slope of the trajectory, and
the residue. He will point out that,
as experimental data began to accum-
ulate, this simple scheme certainly had
to be abandoned, as it disagreed with
the data. In fact, he will add, when-
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er substantial new experimental in-
rmation was obtained (and, in par-
oular, every time a new type of
erimental observable was mea-
), the theory had to be made
e complicated to accomodate the
ata. By now, he would assert, the
eme involves extra particle trajec-
(so-called “conspirators”) that
epresent particles nobody has ever
seen, arranged in such a way as to
rid of various obvious inconsisten-
cies in the very small- and very large-
angle region. Even so, evidence, both
~ experimentally and through model cal-
culations, is accumulating to indicate
the importance of cuts in the angular-
- momentum plane; thus we run into the
same road block, painted a different
color, that has plagued high-energy
theory for the past 30 years. As to the
bootstrapping properties of Regge
poles, he will point out that compari-
son with experiments tends to indicate
that the asymptotically high-energy be-
havior of reactions is not of the Regge
type at all, or, in terms of the Regge
- language, the so-called “Pomeranchuk
~ trajectory” is an extremely peculiar ob-
ject. Thus, hybrid theories, in which
some Regge features are shotgun
mated to phenomenological elements
- of a quite different type, are more suc-
cessful in explaining data than any
- pure Regge scheme, even if these
. Regge schemes make use of addi-
~ tional parameters through conspirators,
| daughter trajectories, nonlinear trajec-
| tories, and residues that depend on the
| momentum transfer. He will claim
. that Regge-pole phenomenology un-
‘doubtedly has some successes but then,
given a certain set of parameters op-
timized against experimental data, it
is very difficult to construct a theory
that is all wrong. Altogether, how-
ever, he will say that the Regge
scheme has become too cumbersome
and too arbitrary to be credible as
representing the optimal way of under-
standing high-energy reactions.
Current algebras. Leaving the
Regge dilemma up in the air, I turn to
current algebras as the second of three
major dynamical schemes now in
vogue. Current algebras grew out of
an analogy with electromagnetic (and
perhaps weak-interaction) dynamics,
formulated in terms of currents, and
they assume that strong-interaction dy-
namics is also determined by currents
having certain commutation relations.
From these commutators, with essen-

tially no further assumptions except
perhaps partial conservation of axial
currents, one can get so-called “soft-
pion theorems,” which relate the am-
plitudes of a reaction to those of the
same reaction with an extra very low-
energy pion emitted in addition. In
principle the theorem holds for zero-
mass pions, and so some disagreement
with experiments can be expected. In
practice these theorems work fairly
well, except for some reactions like eta
decay.

To get more out of current algebra
one needs additional model-dependent
assumptions. For example some re-
cent work assumes an algebra for fields
instead of only currents, and obtains
some spectral-function sum rules that
are saturated with one-particle states.
This technique allows us to carry pre-
dictions to higher energies and also
deal with “hard” processes. For ex-
ample some partial widths for the de-
cay p = 2r and A; = p + = have been
calculated this way, in fair agreement
with experiment. An application of
the soft-pion technique has been the
calculation of the S-wave pion—pion
scattering length, although the com-
parison with this number, not directly
accessible experimentally, has not been
definitive. Work has also been done
to provide some fundamental justifica-
tion for the current commutators being
as they are. Current algebra, an ap-
proach very different from Reggeism,
has had some experimental success; it
has the esthetic asset of trying to unify
electromagnetic, weak, gravitational
and strong interactions through the
idea of currents. For the present,
however, it appears to be only of
limited applicability, and even within
the limited area it is not completely
free of apparent failures. Also, as with
other theories, one is sometimes not
certain whether a given result is a
unique prediction of that particular
theory, or is something that can be ob-
tained just as easily from other theo-
ries.

Quark model. The original idea of
quarks grew out of the success of the
SU, group in explaining the classifica-
tion of many particles and their in-
trinsic quantum numbers. Among the
irreducible representations of that
group, the 8- and 10-dimensional ones
found immediate use in the classifica-
tion, but the even lower three-dimen-
sional representation did not seem to
represent any known particle. It is
natural, therefore, to asume that such
particles, called quarks, might never-

TIRED OF
WAITING FOR
YOUR GE(Li)?

® Fed up with broken prom-

ises from “Do-it-yourself”
detector makers at your
lab?

® How long have you been
waiting for “Brand X” to
deliver?

® Disillusioned with specifica-
tions in wide variance with
what you ordered?

FROM NUCLEAR DIODES:
IMMEDIATE DELIVERY ON
STOCK DETECTORS WITH
KNOWN SPECIFICATIONS

Get on our distribution list for
our bi-weekly published stock
list of planars, trapezoidal
and true coaxials. Some are
already mounted in a variety
of cryostats or you may select
one of your choice from our
catalog. System resolutions
range from 2.5 to 6.0 keV
for Co®®. Sizes from smallest
planar to largest coaxials.
Check the list, pick the per-
formance and price that meet

your needs and take delivery
NOW.

P.S. Send for a free copy of
our new manual “The
Selection and Use of
Ge(Li) Detectors.”

wox 135, prairie view, Illinois 60068

Phone: 312-834-3870

PHYSICS TODAY « JANUARY 1969 s 125



Announcing the Packard 900 Series
Multichannel Analyzers

We've Just
Multiplied
Your Analysis
Gapability

Paclsard

New 900 Series Analyzers were conceived with the
purpose of helping you work faster, easier and with
greater precision in every area of research. Critical
analyzer functions have been automated or superim-
posed to reduce experiment time and operating effort
... optional or accessory functions have been built in,
eliminating the inconvenience of extra modules and
add-ons . . . operational specifications are unsur-
passed. The result is an analyzer system that starts

where other “third generation’ analyzers stop.
Here are some of its features:

Bl EXCLUSIVE! No Dead Time — Unique circuitry cor-
rects for dead time losses

M EXCLUSIVE! 100 MHz ADC plus 2usec memory cycle
time make this the fastest pulse height analyzer
available

M EXCLUSIVE! Simultaneous Data Accumulation and
Readout

o s

(0 (@

- -y

Bl EXCLUSIVE! "Automatic’’ mode provides storage,
stripping, transfer and readout

B EXCLUSIVE! One-pass Spectrum Stripping—Built-
in automatic spectrum stripper completely elimi-
nates repetitive, tedious button punching

B EXCLUSIVE! Store, Display and Read Out any Sub-
group

B EXCLUSIVE! Built-in, true dual input multi-scaling

B Expandable Memory (10 capacity/channel)—Equip
your new analyzer with any of five memory sizes
from 1024 to 16,384 channels. Memory can be field-
expanded anytime

B Dual Parameter capability by addition of second
ADC

For complete specifications write for Bulletin 900T to
Packard Instrument Company, Inc., 2200 Warrenville
Road, Downers Grove, lllinois 60515 or Packard In-
strument International S.A., Talstrasse 39, 8001
Zurich, Switzerland.




ess exist, and that other particles
therefore be thought of as being
nd states of quarks. To obtain
me of the predictions from such a
eory, one must assume some specific
action between quarks—for in-
ce, that the total wave function is
mmetric. The quark model has had
any successes. Among the static

properties, it predicts the ratio of mag-

ic moments of proton and neutron
be —1.50; experimentally the ratio
—1.46. This number, however, has

“been predicted before, though perhaps

on a more phenomenological basis.
The model naturally gives many selec-

~ tion rules for decays, many decay rates
~ of hyperons to an accuracy of about

10%, and it correctly predicts the scal-
ing law for the electric and magnetic
form factors of the proton. The model
classifies almost all the known particles
correctly, including their spin and par-
ity. It fails to give, even approxi-
mately, the correct branching ratio of
lambda zero to sigma zero in kaon-plus
photoproduction, but gives many other
branching ratios well. There are also
some defects of the model. First, al-
though there are three quarks, we find
saturation in most cases by two quarks.
Second, and more important, nobody
has ever seen a quark, although a num-
ber of ingenious experiments have
been devised to see them. The experi-
ments are generally based on the facts
that the quarks should have charges
with absolute values ¢/3 and 2¢/3 (e
being the electronic charge), and that
some of them have a negative charge.
No quark has ever been seen, and so
one can place a lower limit on their
mass (assuming interaction cross sec-
tions roughly consistent with their pre-
sumed role in strong interactions); this
limit is now many GeV. The third ob-
jection stems from the second: The
picture of particles with masses of 2
GeV or less, as bound states of two or
more particles with multi-GeV masses,
is esthetically unsatisfactory. It is
therefore possible that quarks really do
not exist, but some unknown dynamical
principle results in particles that look
as if they were made up of quarks.
Only further study will solve this prob-
lem.

As to the relationship of the quark
model to, say, Regge poles, an imagi-
native attempt made recently to con-
struct a generalization of the quark
model appears to yield, fairly naturally,
some Regge features. No experi-

mental test has been undertaken yet.

Other models. A number of other
theoretical ideas under consideration
have been important to varying de-
grees. One is the vector-dominance
idea, according to which a photopro-
duction process, for instance, is closely
related to a process in which the pho-
ton is replaced by a vector meson.
Many calculations of reaction cross sec-
tions, electromagnetic mass differences
and other experimental observables
have been made, using this model,
with considerable, although not un-
blemished, success. In a number of
cases where Regge models failed vec-
tor dominance came through. Some
discrepancies exist, however, in ha-
dronic decays; values for the photon-
rho-meson coupling constant (or ver-
tex function) derived with this model,
from photoproduction on the one hand
and leptonic decay on the other, do
not agree. This discrepancy, however,
may simply result from the different
value of the vertex function at differ-
ent energy values. The conceptual im-
portance of the vector-dominance
model is in its insistence that the pho-
ton is in many respects quite similar to
the (strongly interacting) vector me-
sons; the prevailing view a few years
back was that the electromagnetic in-
teraction is qualitatively different from
strong interactions and hence should
not be considered in the S-matrix
framework.

Another type of high-energy model
uses semiclassical ideas to describe
reaction amplitudes. A number of
groups have worked on such schemes,
which are extensions and variations of
models developed some time ago in
nuclear-reaction theory and general
quantum-mechanical scattering theory.
They use basically the eikonal ap-
proximation, in which angular momen-
tum is replaced by a continuous vari-

-able, the impact parameter; some in-

tegrations can then be carried out ex-
plicitly.

For a number of “cross-disciplinary”
problems in high-energy theory the
[_'Gl'lcept Of a4 resonance can Serve as an
example. 1 believe this is also an in-
teresting case study for some aspects
of the operation of the scientific
method. It might happen that a cer-
tain concept becomes well defined and
very useful in a certain context or
within a limited field of physics. Its
utility then motivates its generaliza-
tion to other areas, into which it is in-
troduced by intuitive analogy. As
long as there is only one such generali-
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MEETINGS

zation, and the extension of the con-
cept has not gone far afield, there is
no problem. When, however, several
such generalizations meet, after having
taken different, long detours from the
original concept, we suddenly discover
that we do not know any longer what
we mean by that concept. This is
what I believe has happened to the
concept of resonance, originally taken
from mechanics and electrodynamics
and successfully used in nuclear phys-
ics. In particle physics, however, we
have come to the point when it is not
clear whether what we mean by reso-
nance is a peak in a cross section, a
counterclockwise loop in a partial-
wave Argand diagram, a pole on the
second Riemann sheet of the complex-
reaction amplitude, a partial-wave
projection of a Regge pole, a bound
state of a multiquark system, or per-
haps several or all of these. There is
an apparent regress compared a few
years ago, but it is only apparent as it
will undoubtedly lead to a more so-
phisticated understanding of the gen-
eral concept of a resonance.
Weak-interaction theory. My im-
pression is that unlike, say, five years
ago, weak interactions are now theo-
retically in better shape than strong in-
teractions. Weak-interaction phenom-
enology has been quite successtul,
and more fundamental calculations in
terms of an intermediate-boson model
(in which it is assumed that the usual
Fermi interaction is mediated by the
exchange of one boson}, or in terms
of current-current interaction models,
have done quite well. The inclusion
of strong-interaction effects is still not
settled, but the effects are generally
small. A number of conceptual prob-
lems remain, notably the treatment of
divergencies in such calculations. The
problem here is that, although the low-
est-order calculations give quite good
results, the higher-order corrections are
often, at least formally, divergent.
One can take care of these diver-
gencies by introducing ad hoc cut-offs
at reasonable energies, but mathemati-
cally such a procedure is hardly ten-
able. There have been some attempts
to eliminate such divergencies, and
other attempts to modify the theory,
so that the divergencies have a minimal
effect on the experimental observables.
One modified theory writes the La-
grangian in terms of not one current
but a sum of several currents, and ar-
ranges, by assumption, the various

pieces to minimize the divergencies.
According to this theory neutrino—elec-
tron scattering should behave qualita-
tively differently from other weak-
interaction processes, but it is some-
what difficult to check this experimen-
tally at present,

In summary, I have to confess that
I was less than encouraged by the state
of high-energy theory. The field con-
tinues to be in a flux, and it is fair to
say that the majority of the people in
the field do not believe that we have
reached a basic understanding of par-
ticle physics, or that we necessarily are
moving in the right direction. The
picture presented in this report of high-
energy physics is not altogether a rosy
one. The definite experimental prog-
ress has been accomplished through
almost superhuman effort by a large
number of ingenious people and at the
expenditure of large sums of money.
In theory, progress has been less evi-
dent, and for some years a large num-
ber of competent people have been
nibbling at a few imaginative but ap-
parently not profound enough ideas.
Conformity is rampant in high-energy
theory, and so is the flight into pretty
but apparently irrelevant mathematics.
One naturally asks why so many tal-
ented people have chosen this as their
way of life,

I believe that, among the factors
contributing to the answer of this ques-
tion, the central one has to do with the
fact that high-energy phenomena form
at present the only branch of physics,
and one of the few branches of natural
sciences in general, where our atten-
tion is directed toward learning the
most basic laws of nature, to under-
stand phenomena in a most fundamen-
tal way. It is, at the present, one of
the very few truly pioneer fields of sci-
ence. The feeling that one is con-
tributing, however little, to overcome
perhaps the greatest scientific chal-
lenge mankind has faced so far com-
pensates for much frustration, hard
work and impatience with apparent
lack of progress.

* * *

This work was supported by the US
Atomic Energy Commission. I am in-
debted to some of my colleagues for help-
ing me with their notes in the collection
of all the factual details of the conference.
They shall remain nameless, however, lest
the impression be given that they are also
responsible for the opinions.

My wife drew the cartoons.

The conference proceedings will be
published shortly by CERN.

MicHAEL |. MoRavcsIik
University of Oregon O
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