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A model, discussed previously, where high-energy nucleon-nucleon interactions are con-
sidered from the view that diffraction-dissociation processes may be dominant at high en-
ergies, is used to calculate production multiplicities and meson and nucleon momentum spec-
tra for proton-proton interactions at laboratory energies between 30 and 1500 GeV.

INTRODUCTION

In a previous paper, ' referred to here as RA1,
we considered the possibility that diffraction-dis-
sociation processes' may dominate the very high-
energy interactions of hadrons. We developed a
specific, simple model of such processes and
showed that the results concluded from the model
were consistent with the information then available
concerning very high-energy nucleon-nucleon in-
teractions. This information was derived almost
wholly from studies of cosmic-ray interactions and
the diffusion of cosmic rays through the atmo-
sphere.

Now that more detailed and more precise mea-
surements of high-energy interactions will be
available from measurements at the accelerator
now nearing completion at the National Accelerator
Laboratory and with the intersecting storage rings
constructed at CERN, it seems desirable to use
the model to compute properties of proton-proton
interactions which might be easily measured using
these facilities.

We first review the model with the particular
purpose of defining clearly the assumptions made
and the specific consequences of these assump-
tions.

FIRST ASSUMPTION

We assume that at sufficiently high energy each
interaction of two nucleons results in the produc-
tion of duo separate, noninteracting states. Each
state is identified with one of the initial nucleons
inasmuch as the four-momentum difference be-
tween the initial nucleon and the final state associ-
ated with that nucleon is small. Further, the final
state has the same quantum numbers, excepting
spin and parity, as the initial nucleon. Each of the
final states resulting from a proton-proton inter-
action will have a charge of 1, a hypercharge of 1,
isotopic spin —,', T, equal to —,', and the state will

have the same properties with respect to SU, as
the proton member of the baryon octet.

We find it convenient to refer to these final states
as "fireballs" inasmuch as they are closely relat-
ed conceptually to hypothetical states so named
which have been introduced' to account for phenom-
ena observed in the high-energy interactions of
cosmic-ray hadrons. However, we note a differ-
ence between our fireballs and the traditional fire-
balls. Our fireballs are so defined that their bary-
on number is the same as the associated incident
particle: If the associated particle is a proton, the
baryon number of the fireball will be 1. In the tra-
ditional view of the same reaction, the whole final
state is divided into two parts where one part is a
final nucleon or nucleon isobar state and the other
part, with baryon number 0, is defined as the fire-
ball. If the velocities of the two parts are nearly
the same, the definitions tend to be equivalent.

This assumption of the diffraction-dissociation
production of two final-state fireballs represents
an extrapolation of the knowledge we have of ex-
change interactions at moderate energies (below
30 GeV). We observe that the total cross sections
for those processes in which the quantum numbers
of the states do not change —or the exchanged par-
ticle, the Pomeranchukon, has the quantum num-
bers of the vacuum —are nearly independent of en-
ergy while all other exchange interactions fall off
rapidly with energy. If the exchanged quantum
numbers correspond to the quantum numbers of a
nonexotic particle (a meson which can be con-
structed from a quark and antiquark or a baryon
which can be constructed from three quarks) the
cross section appears to fall off with energy as
s ", where s is the square of the energy in the
center-of-mass system and x is greater than 0.
Those interactions which cannot be described in
terms of the exchange of a nonexotic particle or
the vacuum appear to fall off with energy even
more quickly. It then seems plausible that it might
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be possible to classify all interactions in terms of
the properties which are exchanged, and only those
reactions where the vacuum is exchanged will be
important at very high energies.

This assumption, alone, leads to some interest-
ing consequences, and some of these results might
be easily observed and serve as a test of the as-
sumption.

(1) Since each state produced in a proton-proton
interaction will have a charge of 1, each of the
states must decay to an odd number of charged
particles.

(2) Since each state must have the same isotopic
spin as the proton, charge independence leads to
relations in the intensity of decay products. The
most interesting and easily accessible prediction
concerns the intensities of different meson charge
states. At any energy and at any angle the intensi-
ty of neutral pions will be equal to one-half of the
intensity of charged pions.

(3) Each final state must transform with respect
to SU, as the proton member of the baryon octet.
This leads to various relations which would be val-
id in the limit of complete SU, symmetry. Since
the symmetry is rather badly broken, the relation
of symmetry predictions to nature is always some-
what obscure. However, we present one example
of such a prediction noting that the required mea-
surements seem to be quite difficult. There is a
relation in the intensity of 6, Y*, - *, and 0
such that the intensity can be expressed in the
form

the diffraction-dissociation mechanism. Since the
total cross section seems to be constant, the addi-
tional cross section for the production of more
massive states must be compensated by a decrease
in the cross section for production of the lighter
states. If the interaction is factorizable, that is,
if the probability of the production of a state of
mass M& through the dissociation of the forward
proton is independent of the probability of the pro-
duction of a state of mass M, through the dissocia-
tion of the backward proton, this compensation
leads to a definite relation between the mass spec-
trum of the states produced through the dissocia-
tion process and the rate of decrease of the cross
section for the production of states of specific
masses with energy.

In particular, we assume that the cross section
for the production of a pair of, states j is not, then,
constant but varies inversely with the logarithm of
the energy as

2

2n'in(s/s, .)
'

where s is the square of the center-of-mass ener-
gy and g&'/2n' is a constant written in this form
for convenient comparison with other formulas.
As with other two-body processes, we can pre-
sume that the cross section varies with t, the
square of the four-momentum transfer, as

do; /dt = & exp Bt

and

I= a+0 Y,
(do, /dt) dt = (A/B) exp Bt", (2)

where a and b are constants and Y is the hyper-
charge of the member of the quartet. In the limit
of SU, symmetry, this relation would be valid at
any energy and angle.

SECOND ASSUMPTION

In order to consider further characteristics of
high-energy interactions, it is necessary to intro-
duce dynamic assumptions. We make some quali-
tative comments before listing the conclusions de-
rived in RAi. It is plausible that the only exchange'
reactions which are important are those which pro-
ceed with small values of four-momentum transfer.
Since the four-momentum transfer required to pro-
duce a pair of states at a given center-of-mass en-
ergy increases with the mass of the states, and the
four-momentum to produce states of a definite in-
variant mass decreases with increasing energy,
we can consider that a definite threshold exists for
the production of a pair of states of a given mass.
Then as the energy increases, new states will be-
come energetically available for production through

where A. and B are appropriate constants and t" is
the maximum value of t allowed kinematically for
the reaction j at the squared energy s. Clearly,
the relations (1) and (2) are in accord if we set
A =g, ' and B=2n'ln(s/s~), where the parameters
g, ', n ', and s; may, or may not, be associated
with similar parameters which are used in the
Regge description of particle reactions. The par-
tial cross section for the reaction j then decreases
with energy inversely with the energy for all s suf-
ficiently large that t" is nearly zero. This result,
well known in its application to elastic scattering,
applies to all cross sections in this diffraction-dis-
sociation model of reactions.

Equation (1) is only consistent with the constraint
that the total cross section for the production of all
states is independent of energy if the decrease in
cross section with respect to squared energy s of
those states such that -t" is near zero is precisely
compensated by the increase in cross section with

energy for those states with invariant masses so
large that -t" is large, noting, again, that for any
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final states of definite invariant mass squared -t"
decreases with increasing energy squared s. This
precise balance requires a definite spectrum of
masses for the states produced in the interaction.
We write in general

do(M„M, ) =S(s) dM, dM, F(M,)F(M,)

x exp[2o. ' 1n(s/s„) ]t',

where

S(s) = o&/[2o ' ln(s/s, )]= cr„,/[2n ' ln(s/s, )],

where g„, is the total cross section and s, is an ap-
propriate average of the scale constants s&. The
invariant masses of the forward and backward
states are M, and M&, and t' is the square of the
four-momentum transfer for production of the
states at 0 . This expression is consistent with the
relation of Eq. (1) for the differential cross section
which has the characteristic diffraction-scattering
shape. We note that the interaction is factorizable
in the approximation that the values of the scale
factors s& are independent of the masses M, or M,
(or if s„has a special form such as s„=M,M, ) in-
asmuch as the probability of producing a state of a
definite mass I,' is independent of the accompany-
ing mass M~ except through the constraints on the
four-momentum transfer t'.

If such a factorization condition holds, we were
able to show in RA1, that for large masses, at
very large energies where the constraints on the
four-momentum transfer can be ignored, F(M) has
the asymptotic form

F(M}=KA[A'+ (M/M„—2) ln(M/M„}] 'i',
where

A = M„/M+0. 6 a.nd M & M„.

(5)

IOO
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The value of the constant K was set so the integral
of the differential cross section of Eq. (3) was
equal to the measured total cross section.

Since the lowest possible mass for a fireball is
the nucleon mass, and the next lowest mass must
be a mass as large as the mass of a nucleon plus
a pion, some specific modifications must be made
to the spectral function of Eq. (5) at such low
masses. Noting that the diffraction production of
states with a mass less than 1.35 GeV/c' seems to
be unimportant, ' we set the contribution to states
with a smaller mass to zero and, rather arbitrar-
ily, give the singular nucleon state a weight equal
to one-half of the amount subtracted.

The resulting fireball mass spectrum is shown in
Fig. 1 for fireballs produced by proton-proton in-
teractions of various energies. The asymptotic
spectrum, which is shown with an arbitrary nor-

F(M) —[M(lnM)'t'] ' (4)

independent of the values of n' and s, .
At moderate energies which are accessible to

experiment, the character of the spectrum will de-
pend upon the values of the parameters e' and s, .
The measurements of do&/dt for various states by
Anderson et al. at a laboratory energy near 30
GeV suggest that the differential cross sections for
diffraction dissociation to many states might be
adequately described by a form like Eq. (1) if n' is
taken as equal to 1/M„', the characteristic slope
for Regge trajectories, and s~ is then about 7 GeV'.
Using this value for all s& and the constraint that
the cross section is independent of energy, the
form of F(M) is defined by Eq. (3). While we were
unable to find an analytic solution for F(M), we
were able to determine values of F(M) numerical-
ly, using a computer, such that Eq. (3) was satis-
fied and the total cross section was constant from
15 to 50000 GeV. For the purpose of exposition,
we determined an analytic approximation to the
numerical results:

0.1

0.01

M (Gev)

I

10 15

FIG.' 1. The theoretical differential cross section for
the production of fireballs in proton-proton interactions
is plotted as a function of fireball mass, M, for various
energies of the incident proton in the laboratory system.
The asymptotic spectrum is presented on an arbitrary
scale.
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malization, has the form of Eq. (5). The difference
between the asymptotic spectra and the spectra at
finite energies follows from the restrictions on the
production of high-mass states which follow from
the conservation laws and the limitations on large
four-momentum transfers.

We note here that the elastic scattering so calcu-
lated, where the final state of each incident nucleon
has the mass of a nucleon, will be small (e.g. , 0.5
mb at 300 GeV) compared to the observed elastic
scattering cross section. We suggest that the
cross section which we calculate corresponds to
the square of the real part of the elastic scattering
amplitude while the imaginary part, which is much
larger, results from the requirements of the ab-
sorptive parts we are discussing together with the
unitarity of the scattering amplitude. We consider
that the diffractive-dissociation processes at high
energy are, in some sense, weak processes and
then the amplitudes for these reactions are nearly
real, and then it is the real part of the elastic
scattering amplitude which should be closely re-
lated to the reaction amplitudes. The increasing
sharpness with energy of the angular distributions
for the diffraction-dissociation reactions, as ex-
pressed by Eg. (1), is consistent with this view as
this behavior indicates a physical situation where
the interaction area increases with energy becom-
ing much larger than the total cross section, and
the eikonal interaction probability becomes small.

The second assumption can then be summarized
as: The mass spectra of the final states is ex-
pressed by the application of Eqs. (2) and (4).

There are some specific consequences of this
assumption though not all are easily accessible to
experiment.

(4) The invariant-mass spectrum can be mea-
sured in principle and should follow the predictions
defined in the assumption except, possibly, for
small masses where the specific character of in-
dividual states may be much more important than
the averages treated here.

(5) Certain factorization properties should ob-
tain. The low-mass states of the backwards fire-
ball might be easily observed, and the character
of the production and decay of these states should
be almost independent of the energy of the incident
proton.

THIRD ASSUMPTION

In this model of high-energy interactions, many
properties of the interactions will be determined
by the character of the decays of the final-state
fireballs. To consider the decays of the fireballs
we must consider characteristics of the fireballs
which are not defined by our first assumption. In

where (9 is the direction of the emitted particle
with respect to the direction of motion of the fire-
ball. If the spin of the fireball is small compared
to the number of particles emitted, we might ex-
pect that A»B. If the spin is large compared to
the number of emitted particles, B» A.

In fact, we must expect that a final fireball state
of definite invariant mass must represent a super-
position of states of different parities and angular
momenta. We then assume, implicitly, that over
a sufficient interval of invariant mass, the contri-
butions of the various states of different angular
momentum and parity will be largely incoherent
and that the decay distributions will not exhibit any

large, systematic, variations from the symme-
tries expected from single states.

If we accept these assumptions, we can deter-
mine the momentum distribution of the fireball de-
cay products in the center-of-mass system of the
fireball by considering the experimentally deter-
mined transverse-momentum distribution of parti-
cles from high-energy interactions. It is well
known that the intensity of pions produced in high-
energy hadron interactions varies with transverse
momentum, p„approximately as

dN/dA dP, ~ exp(-P, /a),

where the mean transverse momentum is about
0.400 GeV/c. If we make the approximation that
the pions are emitted from the fireball isotropic-
ally, we find that a momentum distribution of the
form

dN/dP ~ P' exp( —P/a'),

where

a'=0. 15 GeV/c

(6)

particular, we will assume that the fireball can be
described (approximately) as a guasistationary
state and consider the consequences of this as-
sumption. By a quasistationary state, we mean a
state which has a lifetime longer than characteris-
tic interaction times and a definite angular mo-
mentum and parity. The particles emitted by such
a state will be emitted with a distribution in the
rest mass system of the fireball which is fore-
and-aft symmetric with respect to the direction of
motion of the fireball. Indeed the decay distribu-
tions for any kind of particle will not likely be very
different from isotropy and will not, in any case,
be more singular than a distribution corresponding
to classical isotropy in two dimensions where the
particles are emitted in a plane perpendicular to
the angular momentum axis. The distribution
might then be expressed as

dN/dQ = A + B/sine,
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results in a laboratory distribution of transverse
momentum in approximate accord with observa-
tions. The mean transverse momentum of the pi-
ons in the laboratory system will be larger than in
the fireball center-of-mass system as a result of
the added effects of the fireball transverse mo-
mentum from production distributions and recoil
effects, so that in the laboratory the effective val-
ue will be near 0.20 GeV/c. The transverse-mo-
mentum spectra from this model can then be ex-
pressed approximately as

dN/dP, ~ P, exp(-P, /a),

where

a =0.20 GeV/c.

While the particular form for the momentum dis-
tribution expressed in Eq. (7) seems indicated by
the experimental measurements of the angular dis-
tributions of mesons produced at high energies,
the results which we will present do not depend
upon the detailed character of this form, but are
sensitive only to the mean emission energy of the
pion which will be about 0.4 GeV. Indeed, a com-
putationally simpler form was used in RA1 which
was adequate for the averages considered in that
analysis.

While the distribution of the transverse momen-
tum of other particles produced in high-energy
hadron-hadron interactions is not much different
than the distributions for pions, we do not consider
the production of other particles at this time mak-
ing the implicit assumption that pion production
dominates at the interaction energies we consider
and that the production of other particles does not
substantially affect the specific conclusions we
reach.

Although the choice of a momentum distribution
and angular distribution for the pions emitted from
a, fireball largely defines the character of fireball
decay, the final distributions will be affected
somewhat by more specific details of the decay.
In particular, the fluctuations in decay properties
which are so important in the analysis of the de-
cays of single events are affected by detailed deci-
sions concerning the character of the decays. For
this reason, and for the sake of completeness, we

explain in some detail the calculational procedure.
used to determine the results which are presented
in the next section.

The results were calculated using a computer
(the Brookhaven National Laboratory CDC 6600
computer) and Monte Carlo-type procedures. For
each of a large number of events, the masses of
the two fireballs were determined randomly fol-
lowing the prescriptions of Eqs. (3) and (5). The

fireballs were assumed implicitly to decay by
emitting pions consecutively. Each pion was pre-
sumed to be emitted from the fireball, in the fire-
ball center-of-mass system, in a random direction
with a random momentum fitted to a probability
distribution of the form of Eq. (6). The charge of
the pion was set randomly as positive, negative,
or neutral with equal probability. After each such
emission of a pion, the pion momentum and the
fireball recoil momentum were calculated, and the
fireball was then allowed to emit another pion with
random momentum, direction and charge, again,
in the center-of-mass system of the fireball. This
procedure was modified when the decay would vio-
late conservation laws by leaving a baryon state
with a mass inconsistent with the remaining charge.
Then the decay was "canceled, " and the fireball
was allowed to break up into two particles or three
particles as necessary to conserve charge and en-
ergy. The momentum distribution for three-par-
ticle decays was determined by assuming that the
momentum correlations of the final-state particles
would follow the distributions defined by relativis-
tic three-body phase space (equal areas on a Dalitz
plot). When the decay of the remanent fireball
state by a pion of a specific charge was forbidden,
inasmuch as the remaining state would have a
mass and charge incommensurate with decays to
nucleons and pions, the sign of the charg'e was re-
versed. In this way the ratio of 2:1for the decay
of charged to neutral pions, which is required for
the decay of isotopic-spin-& states, was retained.

In this description of fireball decays, which con-
siders the fireball as a baryon which decays to the
nucleon ground state by consecutive emission of
mesons even as an excited atom returns to the
ground state by consecutive emission of photons,
the nucleon retains a final recoil momentum which
is of the same magnitude, but a little larger, than
the mean momentum of the mesons. Therefore,
the distribution of transverse momentum of the nu-
cleons will be similar to that of the mesons.

We noted previously (RA1) that the results of this
description of fireball decays, where the pions are
emitted consecutively with a random momentum
distribution of the type defined by Eq. (6), result
in momentum distributions which are very similar
to that derived from the assumption that decay
probabilities were determined solely by volume in
r'elativistically invariant phase space. We note
that such phase-space distributions result in an
absence of directional correlations between the di-
rections of decay of the particles. So it is not
wholly surprising that a different description of
such decays, which minimizes the directional cor-
relations between the different particles, may re-
sult in momentum distributions which are nearly
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the same as those which result from the assump-
tion that the decay distributions are dominated by
the available final-state phase-space volumes.
While this conclusion might be of some intrinsic
interest, suggesting that complex reactions can
result in phase-space-like distributions though no

thermal equilibrium is involved, the result is im-
portant to this description of the decay of fireballs
inasmuch as it suggests that no important results
would be much changed if a thermodynamic de-
scription of fireball decay were used rather than
the "consecutive meson emission" model used
here.

In summary, the third assumption, concerning
the character of the decay of the fireballs, can be
stated as: We assume that the fireball may be de-
scribed (aPProximately) as a quasi stationary state
zohich decays emitting mesons saith a random mo-
mentum such that the distribution of magnitude of
the momenta is descry'bed by Eq. (6).

Some important consequences of this assumption
must be considered rather as input data rather
than predictions, since the properties in question
have long been known and have led implicitly, to
the selection of the model and the construction of
the assumption. In particular:

(6) The transverse-momentum distribution of
particles produced in high-energy hadron-hadron
interactions will be nearly independent of the lon-
gitudinal momentum of the particle and of the cen-
ter-of-mass energy of the interaction.

Less obviously, if the model is valid:
(7) The decay products which can be assigned to

a, forwards or to a backwards direction must have
momenta which are consistent with their emission
from a common center with a mean momentum of
about 0.40 GeV/ .cThe angular distribution of the
particles so emitted should not differ greatly from
isotropy.
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FIG. 2. The predicted differential cross section for
meson production as a function of x, the ratio of the
longitudinal meson momentum in the center-of-mass
system to the maximum possible momentum, is plotted
for various incident energies in the laboratory system.
The ratio of positive to negative mesons produced by
the interaction of protons with 200 GeV in the laboratory
system is also shown as a function of x.

FIG. 3. The theoretical differential cross section for
nucleons emitted in inelastic proton-proton interactions
is plotted as a function of x, the ratio of the longitudinal
momentum of the nucleon in the, center-of-mass system
to the beam momentum. The results are shown for pro-
ton and neutron production in the forward direction for
various beam energies measured in the laboratory sys-
tem.
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FIG. 4. The calcul3'ted multiplicity of mesons, I
and the multiplicity of charged particles, M, , produced
in the inelastic interactions of protons with protons are
presented as a function of the energy of the incident
proton in the laboratory system. Also shown is the pre-
dicted mean nucleon elasticity k as a function of incident
proton energy where the elasticity is the ratio of the
energy of the moat energetic nucleon traveling in a
specific direction (e..g, , forwards} in the center-of-mass
system to the beam energy in that system, The labora-
tory inelasticities are essentially the same.

Excepting the production of strange particles and
baryon-antibaryon pairs, the model of high-energy
nucleon-nucleon interactions introduced here is an
almost complete description of such interactions.
We present here further predictions of the Inodel
of px oton-proton interactions emphasizing charac-
teristic results which might be easily accessible
experimentally. The results are derived from
Monte Carlo calculations according to the pre-
scriptions presented in the previous sections. As
is often the case with such numerical calculations,
the calculations do not always provide much in-
sight into the analytical or physical bases of the
ensuing results. Many of the predictions are pre-
sented for interactions at different laboratory en-
ergies ranging from 30 GeV (the maximum ener-
gies at the Brookhaven AGS and at the CERN PS)
to 1500 GeV (relevant to measurements at the in-
tersecting storage rings at CERN). However, we
do not believe that the model is truly relevant at
energies so low as 30 GeV, and the predictions
presented for this energy are not expected to be
reliable. The predictions:

(8) Figure 2 shows the meson momentum spectra
in the center-of-mass system where the intensity
is presented as a function of the longitudinal mo-
mentum. It is convenient to express the longitudi-
nal momentum in terms of the ratio, x=p~/P

where Pl. and P,„are the longitudinal momentum
and the maximum momentum allowed by the con-
servation laws: p,„=&s' '. Only positive values
of x are plotted on the figure.

These curves present the spectra for all pions.
The ratio of positive to negative pions at various
longitudinal momenta for pions produced by 200-
QeV proton-proton interactions is also shown.
Expressed in terms of x, the variation of the ratio
is almost the same for other energies. At aQ val-
ues of x, the neutral mesons constitute one-third
of the total meson flux.

(9) Figure 3 shows the nucleon intensity as a
function of x in the center-of-mass system. Note
that only positive values of x are plotted, and then
the figure refers to the nucleon intensity in one
direction.

(10) The nucleon elasticity in the laboratory sys- .

tem, k, is shown in Fig. 4. The inelasticity is de-
fined as the ratio of the average energy of the
leading (that is most energetic) nucleon to the
beam energy. The calculated values are in accord
with values deduced from the analysis of cosmic-
ray interactions. The asymptotic value —at infi-
nite energy —of the inelasticity is zero on this
model, but this value is reached only very slowly
as shown in RA1 (where the inelasticity, 1 —k, is
plotted).

(11) The mean meson production multiplicity,
M, and the mean number of charged particle%
emitted in an interaction, M„are plotted as a
function of laboratory energy in Fig. 4. The aver-
ages are calculated excluding elastic scattering.
The crosses show the charged-particle multiplici-
ties observed in the interactions of the charged
hadrons in the cosmic-ray Qux with protons, ' while
the solid circle shows the charged-particle multi-
plicity determined at accelerator energies. ' Ac-
cording to this model, the asymptotic multiplicity
will vary approximately as (ins)' ' for either parti-
cle production or charged-particle emission.

(12) The model also predicts multiplicity distri-
butions. The graph of Fig. 5 shows the distribution
of multiplicities of charged-particle emission for
various laboratory energies. The dashed line con-
nects points showing experimental values at an av-
erage energy of 300 GeV. While the agreement be-
tween experiment and theory is not very good, we
note the possibility of appreciable biases in this
difficult cosmic-ray measurement. Also, the im-
portance of discrete production states and particu-
lar final-state interactions, necessarily neglected
in a treatment concerned with broad averages, can
seriously distort the theoretical predictions at
small multiplicities.

(13) The assumption of factorization demands a
certain lack of correlation between the multiplici-
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FIG. 5. The circles show predicted cross sections
for the exnission of various numbers of charged particles
in inelastic proton-proton interactions, Theoretical
results are plotted for various incident proton energies,
The triangles show experimentally observed multipli-
cities from the interaction of cosmic-ray hadrons with

protons. The lines are drawn as visual aids.

ties derived from the disassociation of the forward
fireball and the multiplicities from the breakup of
the backward nucleon. Some of the effects of this
factorization hypothesis are shown in the plots of
Fig. 6, where the cross sections for different
charged-particle emissions in the forward direc-
tion are plotted for different backward charge
multiplicities. Again, the effects of discrete
states, not considered in the theory which is con-
cerned with broader averages, may modify the
precise character of the distributions, but if fac-
torization is a good approximation, evidence for
its validity —or failure —should be exhibited in
such plots.

COMMENTS AND CONCLUSIONS

We believe that this model of high-energy pro-
cesses has, at least, the virtue of definiteness and
accessibility —and then vulnerability —to experi-
mental measurements. The only arbitrary numer-
ical choice was the choice of magnitude of the con-
tribution from the singular nucleon state to the
fireball mass spectrum. Nothing would change
very much if a smaller contxib'ution of this state,
for example, zero, were predicatedbut a much
larger contribution leads to somewhat smaller
multiplicities and a shift of the multiplicity spec-
trum, as shown in Fig. 5, to smaller values.

Of course, there are undoubtedly numerous al-
ternatives to the logical choices made in the con-
struction of the theory, even within the general
theme. These choices cannot be enumerated very
well, however, because for psychological reasons

MA

FIG. 6. The circles show the predicted cross sections
for the production of M& charged particles in the forward
direction in the center-of-mass system and Mz particles
in the backwards. direction for proton-proton interactions
where the laboratory energy of the incident proton is
300 GeV. The lines are drawn as visual aids.

the choices cannot usually be remembered: The
choices which are made always seem, eventually,
unique and inevitable. Our choice of factorization
is an exception to this rule, however. We rather
doubt that factorization of the sort we use will be
fundamental, but we believe that it is quite possi-
ble that such factorization will be a good approxi-
mation to reality.

The theory might be considered heuristic inas-
much as it is largely divorced from the more ab-
stract theoretical developments and is based on a
rather pragmatic extrapolation of experimentally
observed phenomena. There are now many theo-
ries of high-energy interactions, and these are by
no means all orthogonal. This model of hi.gh-ener-
gy processes is, perhaps, most similar to the
"limited fragmentation" model of Yang and his col-
leagues. Indeed, it is possible that this diffrac-
tion-dissociation model can be taken under the
ming of the Yang model. ' The close relationship
between the Yang model and the Regge model for
high-energy diffractive processes has been em-
phasized by Hwa.
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Comparison of Elastic (pp, pp), (E p, E'p), and (fr- p, fr'p) Scatterings

at -8 and 16 Gev/c*
Howard A. Gordon, Kwan-%u Lai, and Frank E. Paige

. Physics Department, Bxookkavem Nationa/ Laboratory, Uptori, Nese 7'oak 22973
(Received 20 August 1971)

Experimental data of (pP, pp), (E' p, E'+p), and (vr"p, x+p) elastic scatterings at 8 and
16 GeV//c are examined in the context of the dual absorption model (DAM) as proposed by
Harari. Results of this arialysis of (pp, pp) and (E P, X+p) exhibit similar behavior as ex-
pected from DAM and thus support the model. The behavior of (x P, x+p), however, shows
a marked difference from the other systems. An explanation for this difference is presented.

Well-known features of total and elastic cross
sections of particles and antiparticles on protons
above R few G6V/c can be gellel'Rllzed Rs follows:

dG do'

dt dt5=0 0=0

(b) o„,(s) -constant for exotic
systems such as pp and K'P.

Therefore, for a given s, crossover(s) of dojdt
and dV/dt for t go can occur depending upon the be-
havior of dF/dt and do jdt. ' In this note, we pre-
sent a detailed comparison of available experimen-
tal data of the elastic scattering of particles and

antiparticles on protons, in particular, to explore
the crossover phenomena in t in the framework of
the dual absorption model (DAM) proposed by
Harari. ' In this model the imaginary part of the
spin-nonflip, non-Pomeranchukon amplitude A(t)
can be extracted from elastic scattering of parti-
cles and antiparticles on protons as follows:

do—(Xp -Xp) ——(Xp -Xp)
~(t)

'-": p- p

which is expected to have the general form

z(t) =we"z, (r~t),
where X=p, K+, and m+ and Jo is the Bessel func-
tion of zeroth order. Comparisons have been made
by Davier and Harari' for 5-GeV/c K'p elastic
data from counter and bubble-chamber experi-
ments. The A(t) has a zero at t--0.2 GeV'
(crossover in t), reaches a minimum at t--0.5
GeV2, and has another zero at t --1.3 GeV'.
Thus, the behavior of A(t) is quite similar to the
J, function. In our i.nvestigation we examine the
B(t) function for the (pp, pp), (v-p, m+p) systems as
well as (K'p, K p) at -8 and 16 GeV/c.

Ideally, the data used to evaluate A(t) should all
be taken with the same apparatus to minimize sys-
tematic errors, at the same value of beam mo-
mentum and with the same t binning for both par-


