
Meson factories and the
two-nucleon problem
The advent of ultrahigh-intensity accelerators should
encourage interest in an old unsolved problem in physics:
What is the interaction between two nucleons?

Michael J. Moravcsik

The interaction between two nucleons
was first investigated almost 40 years
ago and still occupies a central place
in contemporary research. Efforts to
understand this complex phenomenon
have been hampered by the lack of
precise data for all the pertinent ob-
servables. The experimental situation
will be remedied in 1972 when accelera-
tors producing beams 10 000 times
more intense than presently attainable
begin operation. The new breed of
accelerator, informally called "meson
factories," will initially operate in the
energy range below 1 GeV but may
someday reach 20 GeV.

Neither the problem nor the tech-
nique should be unfamiliar to readers of
PHYSICS TODAY. The two-nucleon inter-
action was reviewed recently by M. H.
MacGregor1, while meson factories
were described a few years ago by
L. Rosen.2 I will refer to these ar-
ticles for background and concentrate
on the connection between the two.

The two-nucleon problem has been
studied for a variety of reasons. First,
it is a challenging and interesting prob-
lem in itself. In this context, the aim is
to describe the interaction of the two-
nucleon system as completely, as sim-
ply, and as accurately as possible. A
second reason for our interest is that the
two-nucleon interaction is at least in
principle, the basis of all of nuclear
physics. From this point of view, the
goal is to determine accurately those
features of the interaction that play a
role in calculations of nuclear structure.
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A third source of interest is the rele-
vance of the two-nucleon problem, ?.s
the most studied and best known strong
interaction, to elementary-particle phys-
ics. Our relatively precise knowl-
edge of the two-nucleon interaction at
low energy allows us to test new ideas
and models in strong-interaction phys-
ics. In this sense, the two-nucleon in-
teraction serves as a tool for testing gen-
eral principles. It can also serve as a
successful example on which we can
pattern models and from which we can
bolster our intuition.

Nuclear structure

To calculate nuclear structure, we in
principle need to know the matrix ele-
ments of the interaction between all
possible pairs of initial and final two-
nucleon states, including those pairs
that do not conserve energy and mo-
mentum. Before we enter a detailed
discussion, it should be mentioned that
this information may not be sufficient
for such structure calculations. It is
possible that there are also genuine
three-body forces among nucleons, as
distinguished from three nucleons inter-
acting simultaneously through three
two-body interactions. There is no evi-
dence against this possibility from nu-
clear-structure experiments them-
selves.1 Presumably a careful anal-
ysis of very precise meson-factory ex-
periments on three-nucleon states, such
as the scattering of protons by deu-
terons, could shed light on this point.

For two-nucleon elastic scattering,
only final states that conserve the ini-
tial energy-momentum can be reached;
we speak of being restricted to the en-
ergy shell. However, for inelastic

events, one or more new particles are
created in the final state, and hence the
four particles comprising the initial and
final nucleon pairs need not (in fact
can not) satisfy energy-momentum con-
servation. The interaction that takes
place between nucleons under these
conditions is described as being off the
energy shell. These nonconservative
interactions contribute to nuclear struc-
ture through virtual transitions inside
the nucleus.
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Among the inelastic processes,
• "ucleon-nucleon bremsstrahlung is one

of the best tools to investigate the re-
gion off the energy shell. This process,
in which a nucleon scatters from a nu-
c'eon and a photon is also emitted, is
advantageous because the photon is
coupled to the nucleons only by the
well understood electromagnetic inter-
action. Detailed work, both experi-
mental and theoretical, has been con-
fined to a domain only slightly off the

energy shell, and even there, uncertain-
ties remain substantial.

The production of pions in inelastic
nucleon-nucleon collisions can carry the
investigation further off the two-nu-
cleon energy shell, because of the non-
zero mass of the pion. Scattering ex-
periments with more than two particles
in the final state can be most success-
fully performed in meson factories
where the high-intensity beam can com-
pensate for low cross sections. Many

Meson factories around the world
A spirit of healthy competition exists
as construction on four ultra-high-inten-
sity accelerators proceeds on schedule
with full operation expected between 1972
and 1974. The emphasis at all the meson
factories will be on accommodating many
users simultaneously with a minimum of
interference. Elaborate beam switchyards
will route the multiple secondary beams
to the various experimental areas. Some
beams are used more than once and
the nuclear by-products are carefully
husbanded; the meson factories are
"economic" enterprises aiming at maxi-
mum utilization of resources.

The Los Alamos Meson Physics Facility
(LAMPF) of the University of California
will produce the most intense and most
energetic beam: one milliampere of pro-
tons at a variable energy of 100-800 MeV.
LAMPF, the only linac among the four,
incorporates a newly-developed -/2-mode
waveguide to achieve the final energy.

The Tri-University Meson Facility at
Vancouver (TRIUMF) has now added a
fourth participant to its consortium. The
original three, the Universities of British
Columbia and Victoria and Simon Fraser
University, have been joined by the Uni-
versity of Alberta at Edmonton. TRIUMF
is built around a negative-ion cyclotron,
which will produce 100 microamp of H"
at 500 MeV. Beam extraction, by strip-
ping conversion to positive ions, is 100%
efficient.

The Swiss Institute for Nuclear Re-
search (SIN) will accelerate protons by
a two-stage process. A 70-MeV cyclotron
will inject into an isochronous (constant-
frequency) ring cyclotron, which raises
the energy to 580 MeV.

The Joint Institute for Nuclear Research
at Dubna, USSR, is converting its 310
cm synchroncyclotron to isochronous op-
eration by spiral ridging the electromag-
net. Protons with energies of 700 MeV
are expected.

experiments that were previously im-
practical because of low anticipated
counting rate must be reconsidered in
terms of meson-factory capabilities.

The question arises how far off
the energy shell one needs precise infor-
mation to calculate a given nuclear
property accurately. Although it is not
possible to give a general answer, it
would be very helpful for the design
of new experiments to run some param-
eter studies in the nuclear-structure
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The time-reversal operator T reverses the
spins and momenta of all particles. In
event A, both incident beam and target
are unpolarized; spin-down particles are
scattered mostly to the right, and spin-
up, mostly to the left. Time-reversal
invariance requires that when a beam
polarized spin-down is scattered by the
same unpolarized target, more particles
go to the right than to the left as shown
in event B. Figure 1
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calculations to explore this dependence.
Even for interactions on the energy

shell, it is not clear what degree of ac-
curacy is required for nuclear calcula-
tions. For example, if we want to cal-
culate the energy of the first excited
state of Ca40 with an accuracy of 5 per
cent how well must we know the J D .,
nucleon-nucleon phase shift between
100 and 200 MeV?

The general state of our knowledge
of the two-nucleon interaction on the
energy shell can, however, be summa-
rized. This knowledge can be ex-
pressed in terms of several, presumably
equivalent, formalisms, notably phase
shifts, potentials, and boundary-condi-
tion models. These three semiphe-
nomenological approaches have differ-
ent assests and handicaps but are inter-
convertible. Each includes beside free
parameters some well established theo-
retical elements usually pertaining to
the form of pion-exchange processes.
Which of them can express the experi-
mental information with the least num-
ber of parameters and the lowest chi-
square is a question to which the an-
swer is constantly changing and which
also involves some personal judgement
concerning the credibility of small dif-
ferences in chi-square, the trade-off of
some parameters against a change of
chi-square, a selection of data, and so
OIL In any case, it is both educational
and good insurance to continue work
along all three of these lines.

Of the three formalisms, the phase-
shift treatment has received the most
attention but it is not clear that it will
remain the best approach in the range
of 400-1000 MeV. The phase-shift
description is useful either at low en-
ergy where only a few partial waves
contribute significantly or at resonances
that occur in single angular-momen-
tum states. According to present
knowledge the two-nucleon interaction
is distinguished among elementary par-
ticles by the complete absence of reso-
nances, except perhaps the S-states at
the very lowest energies. Above 400
MeV the number of angular-momentum
states that must be included is large.

and the phases are complex because in-
elastic channels are open. The numer-
ous two-nucleon phase shifts are slowly
varying and generally quite small.
Furthermore, none of the current
theories appears naturally in a partial-
wave form. The two-nucleon interac-
tion might therefore be belter studied
in this energy range by giving up the
usual practice of measuring over a fine
mesh of angles and concentrating in-
stead on more elaborate and accurate
measurements at a few well chosen
angles.

It should be added that the absence
of resonances in the two-nucleon system
between 400 and 1000 MeV is not
firmly established experimentally. A
narrow resonance could well have been
overlooked. It would be very worth-
while to measure nucleon-nucleon elas-
tic and inelastic total cross sections at a
fine mesh of energies to test this point.

Meson factories will play a crucial
role in the 400-800 MeV range in re-
solving a question related to nuclear
structure that is much discussed these
days, namely the detailed properties of
the repulsive core of the nucleon. A
number of studies:i have been made re-
cently on the compatibility of present
information on the two-nucleon interac-
tion with cores of various sorts differing
in radius, height, and hardness. The
conclusion appears to be that with the
present data there is a very considera-
ble leeway in these parameters. On
the other hand, at least some nuclear-
structure calculations depend quite
strongly on these details, both physi-
cally, particularly on the radius, and in
terms of computational ease, particu-
larly on the hardness and height.
There is little doubt that the greater
penetration of 400-800 MeV scattering
would considerably clarify the problem
of the repulsive nucleon core.

Even below 400 MeV, meson fac-
tories will help to resolve ambiguities in
nucleon-nucleon scattering. It would
be of interest to start a comprehensive
experimental program to remeasure the
two-nucleon interaction up to 400 MeV,
with an order of magnitude better accu-

racy. Such a set of measurements
would not simply be chasing the next
decimal place but would almost cer-
tainly yield qualitatively new results.
It might be appropriate to make an esti-
Tnate of the time and money required
for this task.

Charge independence

An important example of an aspect of
the two-nucleon interaction that can be
studied below 400 MeV is the validity
of the charge-independence hypothesis.
Mathematically expressed as a symme-
try in isotopic spin space, this general
principle has consequence in elemen-
tary-particle physics as well as nuclear
structure. There are a number of ways
one can check charge independence.
The most general method would be to
carry out an analysis of the neutron-pro-
ton data alone, determining from it both
the isovector and the isoscalar phases,
and then to compare the isovector
phases with those obtained from the
proton-proton data. The deviation
from exact charge independence might
well be a function of energy, and such
an analysis would give detailed evi-
dence in this problem. However, to
sort out and separately analyse the iso-
vector and isoscalar parts of neutron-
proton scattering would require a larger
set of data involving many more types
of observables.

A more specialized test of charge in-
dependence is the comparison of the
values of the pion-nucleon coupling
constants obtained from the one-pion-
exchange contribution in proton-proton
and neutron-proton scattering analyses.
This method has been used1, but an
approximate error of ± 1 on the coupling
constants establishes only a weak upper
limit on violations of the symmetry. If
the precision on the coupling constants
could be improved by an order of mag-
nitude, the conclusion could be much
firmer.

Charge symmetry, a weaker assump-
tion than charge independence, merely
states that the nuclear force between a
pair of neutrons is the same as that be-
tween a pair of protons. Although this

42 PHYSICS TODAY / OCTOBER 1970



^

hypothesis is presumably well estab-
lished from the study of nuclear struc-
ture it would be interesting to test it in
scattering processes, particularly at
fairly high energy where the nuclear
structure evidence does not apply. Ei-
ther neutron-deuteron scattering or a
colliding neutron-beam experiment
could be performed.

Another exciting possibility opened
by meson-factory capabilities is the de-
tailed study of spin dependence of the
forces in nuclear physics. Polarized ini-
tial states can be prepared and the po-
larization of final states can be analysed
without producing unacceptably low
counting rates, because of the very high
intensity of primary beam available in
the meson factory. Multiple scattering
experiments of all kinds will become
more practical. When polarized beams
are combined with polarized targets,
nuclear studies will have reached a new
level of sophistication.

Relevance to particle physics

The strong interaction has the high-
est degree of symmetry of the four basic
interactions of physics. Nucleon-nu-
cleon scattering experiments can be de-
vised to test the discrete symmetries of
the interaction. Charge independence
has been already discussed in the con-
text of nuclear structure. Other sym-
metries that can be checked are parity
conservation P, time-reversal invariance
T, and the product PT, which is equiva-
lent to a test of charge conjugation, if
Hie PTC theorem holds.

The conservation laws predict certain
relations between the observables for a
given experiment and a twin experi-
ment obtained by the transformation
appropriate to the symmetry operator.
Many of these relations are independent
°f our knowledge of the dynamics of
the nucleon-nucleon interaction and
4ey hold at any angle and energy.
Furthermore, as they are linear, they
also hold when integrated over a range
of energies and angles.

With the advent of meson factories
many more of these tests could be car-
ried out with much greater precision.

At the present, analyses of this type
can confirm P and T only to an ac-
curacy of about 5 per cent and because
these tests presently average several
amplitudes, they do not allow explora-
tion of the possibility that particular
amplitudes in S-matrix show relatively
large symmetry violations, while others
hardly any at all. A complete list of
such tests is easy to construct from the
general prescriptions.5

As a simple example of time-reversal
invariance, consider an unpolarized
beam scattered by an unpolarized tar-
get. There can be no left-right asym-
metry in the differential cross section
averaged over polarizations, assuming
parity conservation. However because
of spin-dependent forces, spin-down
particles may be scattered preferentially
to the right and spin-up to the left.
Now consider a beam polarized spin-
down scattered by the same unpolar-
ized target. Time-reversal invariance
requires that more particles be scattered
to the right than to the left (see figure
1). Such a test could undoubtedly be
carried out in meson factories to an ac-
curacy of much better than 1 percent.

In special situations, additional tests
of symmetries might become available.
For example, at energies where phase
shift analysis is feasible, relations be-
tween phases and mixing parameters
can test symmetries. In particular, the
fact that the partial-wave parameteriza-
tion of two coupled angular momentum
states in nucleon-nucleon scattering can
be done in terms of two phases and one
mixing parameter is a consequence of
time-reversal invariance.

Another problem in particle theory
that can be explored with the tvvo-nu-
cleon interaction is the analyticity of the
S-matrix. The S-matrix is essentially
the scattering amplitude in terms of
phase shifts as a function of an energy
variable (for instance, the kinetic energy
in the center-of-mass system) that
takes on real, positive values. In S-ma-
trix theory, one assumes that this func-
tion may be extended into the entire
complex plane by analytic continuation.

As is known from the theory of a

complex variable, the behavior of an an-
alytic function is completely governed
by the location and strength of its
singularities. That is, if we know the
poles and their residues as well as the
branch cuts and the associated discon-
tinuties, we can calculate the value of
the function at any point. The S-ma-
trix, considered as an analytic function
of energy, is analogous to the electro-
static potential produced by line and
point charges according to Coulomb's
law. In this analogy, the residues are
the magnitudes of the point charges
while the discontinuities at branch cuts
become the line charge densities.

In practice, we try to deduce the sin-
gularity structure of the S-matrix from
experimental data, which give the be-
havior of the S-matrix in a physical re-
gion removed from the singularities. A
successful example of such an analysis
is the establishment of the one-pion ex-
change pole in the two-nucleon scatter-
ing amplitude. By "establishment" we
simply mean that the inclusion of a pole
of the correct location and strength
yields a more economical representation
of the data then is obtained without it.
Because the pion is the lightest particle
that can be exchanged by two nucleons
in a strong interaction, it has the longest
range, given roughly by r = h/mc,
where m is the pion mass. The loca-
tion of the pion pole determines the
functional form of the high angular-
momentum phase shifts to within a
multiplicative constant. In earlier
work, these phases for higher angular-
momentum states were arbitrarily set
equal to zero. The multiplicative con-
stant is given by the residue of the
pole and is proportional to the pion-
nucleon coupling constant. Our con-
fidence in the meaningfulness of the
pole contribution is bolstered by the
agreement between the value of the
coupling constant so obtained and that
deduced directly from pion-nucleon
scattering experiments.

The controversial and unexplored
part of the S-matrix lies beyond this
one-pion pole, and is dominated by the
heavier mesons. We have some ideas
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Resonances, a pervasive feature of
hadronic physics, are extremely short-
lived "particles" that manifest them-
selves indirectly, (a) In pion production
from nucleon-nucleon collision, the N*
formed in region 1 is not directly ob-
served but instead decays in region 2,
resulting in a correlation between the
momenta of the pion and nucleon. (b)
The shorter-range force between two
nucleons is mediated by the exchange
of single, heavy bosons instead of by the
uncorrelated exchange of their multipion
decay products. Figure 2

about that region based on the analytic
structure of the one-boson exchange
models, which are quite successful in
explaining short-range, low angular-mo-
mentum scattering. Therefore, the as-
sumption of the analytic behavior aris-
ing from one-boson-exchangc leads to
good agreement with experimental
data. However, the necessity and
uniqueness of this structure has not been
established. In fact, the postulated an-
alyticity of the exact S-matrix has nei-
ther been deduced from any set of basic
axioms nor used significantly in calcu-
lating theoretical predictions for com-
parison with experiment. Attempts to
establish uniqueness have not produced
definitive results so far.0 More accu-
rate data would give impetus to this
kind of analysis, and some thought
should be given to the type of experi-
ment and the kinematic range that
would best serve the purpose.

One of the most interesting questions
about the one-boson-exchange model is
when it will break down. According to
present ideas, these schemes cannot be
an expression of a rigorous theory, and
in fact there are tentative experimental
indications that processes other than
one-particle exchange must be included.
Furthermore, because only the first
term of the Born expansion is included,
the one-boson-exchange model of the
nuclear force is only approximately uni-
tary and there are an infinite number of
ways to make it satisfy the unitarity
principle.7 It would be of interest to
determine from experimental results
which of these methods is the most
satisfactory.

More basically, one should even con-
sider the unlikely possibility that the
apparent dominance of poles has no
physical significance and is nothing
more than the consequence of mathe-
matically fitting an inaccurate set of

data. In other words, it is conceivable
that any set of data, if sufficiently inac-
curate, can be represented by a series of
pole contributions. There has been
some work along the lines of replacing
the pole contributions of the heavier bo-
sons by an uncorrelated two-pion contri-
bution that would give a branch cut
instead of a pole.8

However, most successful theories to
date consider only the exchange of sin-
gle bosons in evaluating the intemu-
clear force. Instead of including the
exchange of two uncorrelated pions,
the nucleons are assumed to exchange a
rho meson, which is a composite of two
pions and can, in fact, decay into two
pions. Similarly, the exchange of an
omega meson replaces the exchange of
three pions (see figure 2).

Resonances

This tendency of two elementary par-
ticles to combine and form a temporary
"particle" or dynamical resonance is a
very general aspect of hadron physics.
Another example of this mechanism is
the interpretation of inelastic channels
in terms of resonances and quasi-two-
particle intermediate states. Thus pion
production in nucleon-nucleon scatter-
ing is often mediated by the formation
of an N* resonance, the most impor-
tant being the lowest at 1236 Mev.
The N* is a very short-lived associa-
tion of a pion and a nucleon, and the
N*-nucleon intermediate state is not
directly observed. Instead the N*
manifests itself as a correlation between
the energy-momentum of the pion and
one of the nucleons in the final state.
In pion-nucleon elastic scattering, the
N* appears as a strong peak in the J =
3/2 cross section.

The widespread success of the reso-
nance models for hadronic phenomena
suggests the notion that the appearance

of a group of uncorrelated particles
("that is, not in a resonance) is strongly
suppressed in nature. The further
study of resonance models in meson fac-
tories would help explore quantitatively
the extent to which this fascinating con-
jecture is valid.

Another interesting topic to be con-
sidered in connection with inelastic pro-
cesses is the role of final-state interac-
tions. Scattering events are usually de-
scribed by Fevnman diagrams in which
the number of vertices equals the num-
ber of times the particles interact. As
is often stated, the large size of the
strong coupling constant means that the
series does not converge rapidly and
that adding new vertices to a diagram
need not greatly decrease its contribu-
tion to the total scattering amplitude.

Therefore, after the creation of a new
particle in an inelastic collision, it is
necessary to include interactions among
the three outgoing particles in addition
to the basic production mechanism.
This so-called "final-state interaction" is
especially large when two particles lie
close together in energy-momentum be-
cause, loosely speaking, they have more
time to interact. By imposing the ap-
propriate kinematical restraints, which
would be feasible with meson-factory
intensities, one can separate out those
cases where the interaction is virtually
confined to two of the three final-state
particles. By this method, the final-
state interaction can be used to obtain
information about systems not directly
available for experimentation, such as
the neutron-neutron and the pion-pion
systems (see figure 3).

Two presently popular approaches to
elementary-particle dynamics are Regge
poles and current algebras. The low
energy two-nucleon interaction has lit-
tle bearing on Regge-pole theory, which
describes events at much higher ener-
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TIME-PICOSECONDS

How do you measure the time
it takes light to travel two inches?

Use RCA-C31024. Featuring an RCA bialkali photocath-
ode, and five gallium phosphide dynodes, this new RCA
QUANTACON photomultiplier tube has an anode pulse
rise time of less than a nanosecond at an anode to cath-
ode voltage of 3500 volts.

This RCA QUANTACON photomultiplier is easy to use.
It's fully electrostatic, has only five stages, and plugs into
a special pre-wired base (RCA-AJ2175).

The 2" diameter C31024 is especially suited for very
fast timing applications. Its QE is 28% at 350 nm.

For information on this very fast tube, and other RCA
QUANTACON photomultipliers, see your local RCA Repre-
sentative. For technical data, write: RCA, Commercial
Engineering, Section 119J/ZP6, Harrison, N. J. 07029. In-
ternational: RCA, 2-4 rue du Lievre, 1227 Geneva, Switzer-
land, or Post Office Box 112, Hong Kong.

ItCJl
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application-orientec
instrumentation for:

TON COUNTING - High-speed data ac-
quisition systems count single or multiple photo
events to 100 MHz with direct digital readout onto
typewriter, line printer, or on-line computer.

Ask for DATA FILE PC-9B.

T IME INTERVAL MEASUREMENT - Timing
systems accurately measure time intervals from
50 p/coseconds to 50 milliseconds. Analog or digi-
tal readout. Input sources typically photomulti-
pliers, solid state detectors, phototransistors, or
photodiodes. Ask for DATA FILE TM-3.

* DIGITAL ANALYSIS OF PEAK SIGNAL
- Analog-to-digital converter sys-

tems will digitize the amplitude of nanosecond
(and longer) waveforms with 0.4% resolution. 6.4
fis analysis time compatible with standard digital
input recording devices. Ask for DATA FILE 243.

* NANOSECOND PULSE INTEGRATION -
Linear and logarithmic ADC's integrate the total
charge of negative or positive pulses of 4 to 50
nanoseconds duration. Built-in linear gates and
stretchers. No preshaping of input pulse is re-
quired. Dynamic ranges from 10' to 10'.

Ask for DATA FILE 243.

» TRANSIENT WAVEFORM ANALYSIS -
Fast waveform digitizing system will record nano-
second samples of transient signal onto magnetic
tape, typewriter, or on-line computer. Full event
discrimination on basis of time correlation or
amplitude. Ask for DATA FILE WDS-1.

- Fast Start-
Stop timing techniques permit picosecond time
resolutions for measuring lifetimes of nuclear or
atomic states. Either analog or digital readout
available. Ask for DATA FILE T-208.

INNOVATORS of inexpensive, high-speed, high-reli-
ability modular instrumentation for nuclear research,
LRS is now extending these same proven state-of-
the-art techniques to similar demanding "fast pulse"
disciplines. If you have a specific problem, your
inquiry will bring prompt and specific application
assistance. We look forward to serving you.

LRS
LeCROY RESEARCH SYSTEMS

C O R P O R A T I O N
NORTH ROUTE 303 • WEST NYACK, N. Y. 10994

Phone: (914) 358-7900
INNOVATORS IN INSTRUMENTATION

Final-state interactions modify the distribution of the outgoing particles from what
would be theoretically expected if the particles were free after the primary interac-
tion. This extent of this redistribution is a measure of the cross section for events
that are difficult to study directly, (a). The pion-pion cross section can be deduced
from the final-state interaction in inelastic pion-nucleon scattering, (b) In the
charge-exchange reaction of a negative pion with a deuteron, the two neutrons in
the final state can interact if the kinematics are favorable. Figure 3

gies. The situation is more favorable
with respect to current algebra. This
theory is designed, among other things,
to establish a connection between a pro-
cess and the same process with an addi-
tional low-energy pion emitted. A de-
tailed study of pion production in
nucleon-nucleon collision near thres-
hold would be valuable in checking cur-
rent-algebra predictions.

The ability of meson factories to pro-
vide experimental data for specific ini-
tial and final-state polarizations has
great relevance for particle physics.
Particle physics in general has suffered
much in the past from the availability of
only total or differential cross sections
averaged over polarizations. The con-
frontation of theoretical ideas with ex-
perimental results only through polariza-
tion-averaged observations is insuffi-
ciently rigorous. This is especially true
for particles of high spin, which have
been discovered recently. But it is also
valid for the low spins that occur in
nucleon-nucleon scattering.

As an example consider the havoc
wreaked among Reggeists not very
long ago by a few pieces of polarization
data after a long period of rosy opti-
mism based on differential cross sections
alone. A great contribution of the in-
creased beam intensity of meson fac-
tories will be a detailed exploration of
the spin structure of the S-matrix and a
corresponding establishment of a much
stricter standard of satisfactory agree-
ment between theory and experiment.

There are those who believe that the
breakthrough in particle physics will
come from superhigh energy accelera-
tors. Some others, including myself, are
inclined to guess that instead of such an

all-illuminating Deus ex machina at
938.256 GeV, eventual progress will
come from careful, detailed experiments
at already available energies utilizing
intensities that will become available
only with the advent of meson factories. ,
If this view is correct, the real impact of ]
meson factories on particle physics will
come with the second generation of
meson factories, which are expected to
operate in the 5-20 GeV energy range.
But even with the machines presently
under construction, some central prob- "
lems of particle physics can be attacked i
with considerably increased power and 2
efficiency.
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