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ABSTRACT 

Results are given for ~ 
o and n production in 100 GeV/c ~ p collisions, 

- summed over all final states with no charged particles present (the all 

neutral final states). The data are fitted for x ~ 0.6 to a modification of 

triple Regge theory suggested by the multiperipheral model. We find good 

agreement between the values of the p and AZ trajectories determined in the 

all neutral process, the full inclusive mode 7T
- p -+ (7T

0 ,n)X, and the exclusive 

- . 0 0 d •� . h Ldreactions ~ p -+ (7T ,n}n The 7T pro uct10n cross sect10n sows eV1 ence 

for a� dip at t ~ -0.5 (Gev/c)2 (the p wrong signature nonsense zero) whereas 

the n data are quite smooth� in this region. These successful predictions 

for both the trajectory and� residue function are striking evidence for the 

validity of triple Regge theory. 
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I. Introduction 

In this paper, we study experimentally the inclusive production of 

~o's and n's from ~-p collisions at 100 GeV/c in final states consisting 

of only neutral particles. We call this the NFS (neutral final state) 

mode hereafter. We show that an interesting generalization of Regge theory 

can be applied to these reactions and seems to be successful. This gener

alization is suggested by the multiperipheral model, as we show in Section 

II. Although this description is mainly a review of previous work, we pre

sent it in some detail because the generalization of triple Regge theory to 

the all neutral final state has not been discussed bemore. The essential 

result of this application is given by Eq. (9). In Section III we describe 

the apparatus and experimental definition of the NFS. In Section IV we com

pare our results to the generalized Regge theory developed in Section II. 

II. Pseudo Regge.Theory 

In Fig. l(a), we indicate the conventional multiperipheral model for 

the general multiparticle amplitude with n final particles1). Summing the 

squares of the amplitudes over multiplicities n, to find the total cross sec

tion, leads to the iterated ladder diagrams shown in Fig. l(b). It is well 

known that the sum of these diagrams gives a total cross section with Regge 

behaviorl). 

a-I 
a (ab ~ anything) ~ s (1)
tot 

as s ~ 00 where IS is the center of mass energy of the incident particles a 

and b and a is the intercept of the exchanged Regge pole. Actually in a 

realistic model one finds not only more than one pole but also Regge cuts. 

In this qualitative review, we will not consider these complications and 

assume that (1) is valid with a as the intercept of the leading Regge tra

jectory. 



-2

Now it is easy to see that the mathematics that lead to Regge 

behavior from Fig. l(b) must still be valid if we restrict the sum over 

intermediate particles i in the figure to any set of particles that obey 

some restrictive property P. Examples of possible properties for which 

some data exist, are: 

(a)� no restriction, i.e. the conventional total cross section (2a) 

(b)� all neutral particles; the NFS mode studied in this paper (2b) 

(c)� all mesons, e.g. the annihilation channels in pp collisions (2c) 

(d)� all nonstrange particles. (2d) 

The restriction to particles obeying property P in Fig. l(b) still leads 

to a Regge-like behavior because the ladder structure of the diagrams is 

preserved. It follows that one is then led to the prediction: 

a -1 
a(ab + all particles obeying property P) ~ s P (3) 

which we call psuedo Regge theory. It is described for the all neutral 

case in Ref. 2. 

In Eq. (3), the Regge intercepts, which we denote as &p, depend on the 

particular property P. For instance, one finds for the properties listed 

above in Eq. (2) 

(a)� a ~ 1 for property (2a); it is the total cross section!p 

(b)� ap ~ -0.08 for property (2b); see Fig. 5 and discussion in 

Section III. 

(c)� ap ~ 0.5 for property (2c); see Ref. 3 and Fig. 11 of Ref. 4. 

(d)� 0p ~ 1 for property (2d) with a and b nonstrange, e.g. ~ 
±

p 

collisions where the compilation of strange particle cross sec

tions in Ref. 5 can be subtracted from the total cross section. 
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(d') a ~ 0.5 for property (2d) with a and b strange, e.g. K-K+p 

collisions. This can be observed (with K+ virtual) in K-p ~ 

hyperon (A,E) plus nonstrange particles. The latter cross 

section is roughly equal to the difference between K-p and 

K+p total cross sections and so falls like (3) with a ~ 0.5.p 

The pseudo Regge theory does not have as rich a structure as the 

ordinary theory. Although the pseudo trajectories can be formally defined 

as functions of t, we do not know any observable consequences except for 

the intercepts at t=O, where they can be seen through the restricted cross 

section predictions (3). In this paper, we will only consider the inter

cepts at t=O and ignore the argument of a ' The pseudo theory not onlyp 

predicts the energy dependence through (3) but also has nontrivial fac

torization predictions as the same pseudo pole will contribute to different 

6)reactions. For instance, one predicts the same energy dependence for 

TI P ~ all neutrals 

K-p ~ all neutrals 

and pp ~ all neutrals, (4) 

which we study in a later paper using our data at 50, 100 and 200 GeV/c. 

The theory also predicts factorizable couplings whence, for instance, one 

can predict not only the energy dependence but also the relative magnitudes 

- + - of K K , K P and pp to all neutrals. However, this is obviously hard to 

test. Note that one has to apply the factorization prediction with some 

care; for instance different pseudo poles contribute to the examples TIp 

and K-K+ ~ nonstrange particles discussed above. This can be seen because 

the exchanged particles, e in Fig. 1, are completely different, being non

strange in the TIp and strange in the K-K+ case. There is thus no relation 
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between these reactions for the nonstrange final state even though one 

can predict the same energy dependence for the analogous full inclusive 

or all neutral final states (2a, 2b). 

In this paper, we will consider an extension of pseudo Regge theory 

7 8)
that corresponds to the triple Regge approach in the ordinary theory' • 

Take reactions of the form 

o 
rr p + (rr ,n) + all neutrals� (Sa) 

or more generally 

ab + C + all particles obeying property P,� (5b) 

where particle c also obeys property P. 

In Fig. 2, we contrast ordinary and pseudo triple Regge theory for 

these processes. The difference between (Sa) and the conventional 

rr p + (rr
o ,n) + anything� (6) 

is just reflected in the difference between the cross section for the 

Reggeized p proton to either all neutrals (Sa) or anything (6). This cross 
2 ap-l 2 

section has the behavior (M ) where M ~ s(l - x) is missing mass squared 

in reactions (Sa, 6). Here x� is just the normal longitudinal (Feynman) mo
o 

mentum fraction of the final rr or n in reactions (Sa, 6). In either case, 

we find the differential cross section for the final observed particle rr o or 

n, to be 

ap(o)  2et (t) 
ex) 

(7)
l-ap(O) 

s 

where fp(t) is some function of t representing the product of ordinary and-
F 
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triple Regge couplings, and t is the square of the momentum transfer be-

o 
tween the incident n and the observed ~ or n. a (t) is the trajectory

e 
o

of the Regge pole exchanged between the incident n and the final n or n. 

This is the p for n
-

+ n
0 and the AZ for n

-
+ n. Considering the full 

reaction (6), we substitute ap(t) = aW(O) = 1, the Pomeron intercept, to 

give the conventional triple Regge formula; 

2 
d cr f (t ) (1 _ )l-2a (t ) (8)dtdx = FULL x P 

ofor n p + n X, reaction (6), described by the dominant pp Pomeron coupling. 

To consider the reaction (Sa), we need to know the correct value of 

ap(o), which we will call a This is given, from (3), by the energyNFS• 

dependence of the all neutral total cross section, which is studied in 

Section III and Fig. 5, where we find 

-0.08 ± O.Z. (9a) 

As discussed in Section III, the error is dominated by systematic problems 

in the definition of the all neutral final state. Thus we get our basic 

equation by substituting (9a) into (7) to find 

(1 _ x)-0.08 - 2a (t)2 ed cr
dtdx (for reaction (Sa» = --------.,,------- (9b)

1.08 
s 

We will use data at fixed s (corresponding to 100 GeV/c incident beam) 

and so we can test (9b) by fitting the x dependence of n- p + n0 + all 

neutrals to a power of (1 - x) at fixed t. If the theory is correct, not 

only will this be a good fit but the powers of (1 - x) at different twill -. 

< 
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enable one to extract ae(t), the p and AZ trajectories, and compare them - to other determinations; namely those obtained from the s dependence of 

o 9)
TI P + (TI ,n)n and the x dependence of the full inclusive process, 

o 10)
TI P + (TI ,n)X, using Eq. (8) . In using (9b), we must remember the 

rather large error in a • Note however this only gives an overall t
NFS�

independent shift to a (t) extracted from (9b).�
e 

Finally we shall continue along more theoretical lines and ask if a 

value of nNFS near zero can be predicted. Again we will only give a 

qualitative discussion but believe that it contains the essential physics. 

In Fig. l(c), we indicate a typical coupling to be used in our mulitperi

pheral model shown in Figs. 1 (a,b). We can exchange, among others, TI and 

000 0 
p mesons and possible intermediate particles are TI , TI TI , n, K ,etc. Now 

suppose we take the simplest model in which there is but one coupling, of 

size gp' and an exchanged particle of intercept Q where we set the slope
e 

,-.. 
0.' O. Then the value of the p~eudo Regge intercept ~p is given byl,2)

e 

Z
20. 1 + gp (10)

e 

In the NFS case a
e 
~ 0.489) correpsonding to the p and A

2 
exchanged 

particles which would be expected to dominate. We can only reconcile this 

2with the experimental observation a ~ -0.08 if the coupling gNFS isNFS 

small. Now we must ask if there is any type of simple multiperipheral model 

that could be consistent with nature? The only choice seems to be at pre

sent the so called multiperipheral cluster model where the intermediate 

4 11-13)"particles" i in Fig. l(a) are low mass clusters of particles' .' In 

this case, let us apply (10) first to the case when P has no restriction 

i.e. the ~otal cross section. We find for the Pomeron intercept 

.
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2 
2a - 1 + gFULL (11)

e 

2 
or, for a = 0.48, the well known result gFULL ~ 1. Now we clearly get the 

e 

all neutral final state when our clusters decay into only neutral particles. 

Thus 

2 2 
gNFS = gFULL PNFS' 

or using (11) 

(12) 

where P is the probability that a cluster decays into neutral particles
NFS 

only. A small value of P would be expected; for instance there is strongNFS 

evidence that the multiplicity of neutral particles is correlated positively 

with the charged multiplicityll). In other words, neutral particles do not 

like to be produced alone. Thus a value of P $ 0.1, would be a reasonableNFS 

estimate. Note on the other hand that if the intermediate particles were the 

three members of an isovector multiplet, e.g. 1T
o,± 

, then P
NFS 

= 1/3 and we 

predict a higher value for aNFS• 

Note that (10) cannot be satisfied with our measurement u = -0.08
NFS 

and a = 0.48, for any positive g~. However the error in a and uncere NFS 

tainty in a would allow a positive g~ ~ 0.05. Further one might consider it e 
2 more reasonable to use in (10) the value of a at t ~ -0.1 (GeV/c)

e 

(PI ~. 300 MeV/c) i.e. a ~ 0.39. With this choice, u = -0.08 givese NFS� 
2� 

gp = 0.14 from (10). However if one includes trajectories with non zero 

slopes in the multiperipheral model, one finds both pseudo poles and cuts in 

the output amplitude. One should also consider a multichannel problem with 

both 1T as well as p, A as the exchanged particles. These complications will
2 -� leave the critical Eq. (9b) qualitatively unchanged; one should sum over all 
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pseudo poles and cuts in the all neutral channel and not just use the 

effective intercept, (9a), obtained by fitting the all neutral cross 

section. 

We emphasize that Eqs. (11) and (12) are only qualitative; however 

they serve to illustrate that the low value of a is a consequence of
NFS 

the small probability to find all neutral intermediate states in Fig. 1. 

The problems with the multiperipheral model are more severe with the large 

coupling full inclusive case (11) than the weak coupling NFS case (12). 

In fact the all neutral final state might prove to be an interesting re

action to investigate strong interaction dynamics in a weak coupling 

regime where it could well be cleaner than in the conventional full in-

elusive, large coupling, case. It is also worth noting that Eq. (3) may 

be more general than its multiperipheral deviation. The triple Regge 

generalization (9b) will follow in any theory that has (3) and the simple 

factorization associated with Regge poles. Other generalizations of (3) 

7).may be made using the technique introduced by Mueller For instance, 

Fig. 3(a) shows the pseudo Regge theory description of the process 

rr-p + rro + all neutrals in the central region. This predicts, in the all 

neutral just as in the full inclusive case, a rapidity plateau where the 

o 
rr has small center of mass rapidity. As indicated in Fig. 3(b), the 

theory may also be applied to the two prong cross section in the same 

regionl 4), rr p + 2 charged particles + all neutrals. This figure illus

trates that pseudo Regge theory can be applied to essentially any observable 

where one sums over reactions with any number of undetected neutrals. The 

success of the pseudo Regge theory in the triple Regge region shown by our 

data in Section IV, suggests that these other applications be explored 

further. 
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Finally we remark that taking the ratio of (8) and (9), we find -� - 0 - 0 2that (~ p + ~ + all neutrals)/(~ p + ~ X) is a function of M (namely 

2
(M ) a (0 ) - 1 ) times a function of t (namely fNFS(t)/fFULL(t». Raja has 

2 15)
postulated that such ratios be functions of M only and found 

evidence for this idea in pp interactions. In pseudo Regge theory, this 

is not generally true unless the ratio of couplings fNFS/fFULL is indepen

dent of t. This idea is only approximately correct as, for instance, our 

2data shows that f has more structure at t ~. -0.5 (GeV/c) than f
NFS FULL• 

Inclusion of other terms in (8) and (9) (e.g. the ppf triple Regge term 

in (8» will also render Raja's hypothesis invalid. 

III. The Neutral Final State Experiment 

The experimental apparatus is shown in Fig. 4. The essential feature 

is the photon detector which has already been used in several previous experi

ments. These were ~ p + ~on9) (Fermilab Experiment 111) and inclusive ~o- 16) production at large transverse momentum (Fermilab Experiment 268). The 

experiment described in this paper was Fermilab Experiment 350 and, like its 

predecessors, it was performed in the M2 beam line of the meson laboratory. The 

photon detector is described briefly in Ref. 9. It has good position and energy 

resolution; for 100 GeV photons these are .5 mm and 2 GeV respectively. A signi

ficant effort was made to improve the energy resolution for E350 as measurement 

of the shape of the energy distribution is a major goal of this experiment. The 

techniques used are described in Ref. 10. 

The all neutral final state was recognized by the scintillation counters 

A0+4 shown in Fig. 4. Events with no signal in these counters were tagged as 

the all neutral final state. There was no problem in separating these from 

the charged multiplicity two (or greater) final states. The response of the 

counters to the latter was determined from the interactions of positively 

charged beam particles in the target and from cosmic rays. 
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We are interested in two types of measurement. The simplest is just 

the total all neutral cross section which will be described in this section. 

In Section IV we will describe the inclusive measurements, n-p + nO or n 

plus all neutrals. Cherenkov counters in the beam enable one to select 

n , K and p components with good reliability; however in this paper we will 

only discuss data with negative pions. 

Measurement of the all neutral cross section is simple in principle. 

One needs only to know the number of events that satisfy the NFS requirement 

for a given incident beam flux. One must also subtract the target empty con

tribution but this is small, being 4% of the target full rate. This gives a 

raw cross section at 100 GeV, 

a (n-p + all neutrals) 23 llb. 
raw 

However one must make various corrections, which are detailed in Table 1,- and end up with a final cross section, 

a (n-p + all neutrals) =� 40 ± 6 llb. (13)
corrected 

which is compared with other measurements in Fig. 5. The large error in 

(13) comes ,~ntirely from the systematic errors listed in Table 1. The sta

tistical error from our half a million NFS events is obviously negligible! 

This large number of triggers was not of course to determine the total cross 

section but the nO inclusive data discussed in the next section. 

We� fail to trigger on NFS events for four main reasons:� 

o�(a) Conversion of photons from nand n in the target will make the 

event look as though a charged particle was present. Dalitz decay of the 

nO and charged particle decays of n's have the same effect. We have a 10% 

o
chance of vetoing a n and a 40%� chance for an n. The first entry in Table 
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o1 comes from guessing that there are 2 ± 1 rr 's in each event and - oignoring� n's. The corresponding rr multiplicity and limit on n 

production in ordinary events may be found in Refs. 4 and 20 respec

tively. 

(b) Strange particles that decay into charged particles, A + prr 

o 
or K + ...."+...."- , be f ore they reach t he scinti11ation counters A0+4 wi 11 b e 

vetoed. This correction depends on both the number and energy spectrum 

of the particles. It is difficult to make a reliable estimate, We 

guessed that the main correction is due to slow A's occuring in 15% of 

the events. 

(c) In the remaining ( ~ 85%) of the events baryon number is con

served by the production of neutrons. There is a small probability for 

these to interact in the scintillation counters and veto the event. This 

correction has already been studied and is shown in the third line of- Table 321). 

(d) Finally delta rays produced by the incident beam will veto the 

event� but again this correction was studied for the rr-p + rron and nn 

21)
experiment . It is shown in the fourth line of Table 1. 

The last two entries in Table 1 are quite conventional and need no 

comment. 

The reader will have realized that this is not the perfect experiment 

for measuring the all neutral final state. We just used a simple method 

that could record the neutral final state parasitically during the main 

otask of the experiment - measurement of the full inclusive rr and n cross 

10)
section • We consider our apparatus appropriate for the first inclusive 

TI
o NFS experiment. However the new results on this process in Section IV 

are extremely interesting and warrant a more careful investigation with a 

less biased NFS trigger. 



-12

We now return to Fig. 5 which shows a fit to Eq. (3) with 

&NFS = -0. DB. We emphasize that the biases a) + c) are present to 

some degree in all the other experiments in Fig. 5. It is not clear 

how the corresponding corrections have been made in most of the other 

experiments and so the exact value of &NFS cannot be taken very seri

ously; we estimate that error in the -0.08 value for &NFS could be at 

least 0.2. 

IV.� ~ 
o 

and n Inclusive NFS Measurements 

We now turn to reaction (Sa), ~-p + (~o,n) + all neutrals. The ~o 

and� n were detected through their two photon decay in the photon detector 

l O),shown in Fig. 4. In the corresponding full inclusive experiment we 

only triggered on events in which the energy in the photon detector was 

above a certain threshold. This was not necessary for the NFS data. We 

recorded on tape all events that satisfied the NFS requirement from the 

scintillation counters, AQ+4' without any requirement at all on the photon 

detector. This gives us reasonable acceptance for Feynman x ~ 0.1 in the 

c.m.s.� However we will only discuss data with x ~ 0.6, the region covered 

. 10)
by the full inclusive experiment . The data were analyzed in an identical 

way to Ref. 10; there was a slightly higher background of uncorrelated two 

photon pairs under the rr 0 and n mass peaks which is detailed in Table 2. For ~ 
0 

triggers, BO% of the events have only two photons in the detector with a 0.1% 

obackground under the ~ peak. The remaining 20% of the events have more than 

two photons in the detector with a much higher background of 18% under the 

o 
~ peak. The backgrounds decrease strongly with increasing energy but have 

little Pi dependence. The n data have substantially higher background as 

shown in Table 2. All data presented here have had the background subtracted, 

as described in Ref. 10, by using mass regions outside the peaks. 
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The data are shown in Figs. 6-8. The last two corrections in Table 

1 have been applied but not the first four. Let us first discuss the 

energy spectra shown in Figs. 6 and 7. Here x has been defined as the 

oratio of TI (n) laboratory energy to the maximum possible energy for the 

ogiven t value (i.e. the value for n-p + (n ,n)n at the same t value). 

We can only show a selection of data for representative t values in the 

Z
region 0 5 -t 5 3 (GeV/c) covered by our experiment. We immediately 

notice in Figs. 6 and 7 the very striking change in shape of the energy 

spectra with t; at low t we have a peak at x ~ 1 while at higher t the 

cross section is concentrated at low x. This is beautifully explained in 

pseudo triple Regge theory, Eq. (9)~ by the change of a (t) with t. Just 
e 

o as in the full inclusive case, the rr and n production reactions are partic

ularly nice because they allow only one dominant exchanged trajectory - the 

p and A
Z 

for rro and n respectively. In Fig. 9(a) and (d) we show the p and 

A trajectories extracted from the data exemplified in Figs. 6 and 7. HereZ 

we fit the data with 0.57 < x < 0.98 to the sum of a pseudo triple Regge 

term (7) and a low mass resonance contribution. The latter is dominated by 

n- p + n0 n and is clearly evident for the lower t values. One can also estimate 
- 000

the cross section rr p + n (~l232+nTI ) as roughly one third that of 

n
-

p + rr 
0 
n. At low -t the low mass peak is consistent in normalization 

with just these two terms. At t ~ -0.4 (GeV/c) 2 , the observed peak is 

40% bigger than our expectation from n and ~o alone. Presumably other 

low mass resonances with flatter t dependence are contributing. In any 

Z 
case, by t ~ -0.6 (GeV/c) , this low mass resonance term has a negligible 

effect. We do not fit in the region where this non-Regge term is important 

but include it so that we can correctly get the spill down from high x to low 

x due to our finite resolution. Actually the sharp drop x ~ 1 in the low -t 
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NFS data is the best measure of our energy resolution. Detailed fits to 

this region give an energy resolution 0E = 1.6% at 100 GeV/c. As explained 

in Ref. 10, we do not have any other good way of finding our resolution 

because it is dominated, not by electromagnetic shower statistics, but by 

our imperfect knowledge of the (time dependence of the) gains of our photo

tubes. 

To return to the physics, we remark that the p and A2 trajectories 

shown in Fig. 9 are in good but not perfect agreement with those from 

TI p ~ (rro,n)n. There is a tendency in nO production for the trajectory 

o
extracted from the NFS data to be a little below the n p ~ TI n value. Fit

ting over a smaller x range, 0.76 < x < 0.98, raises the extracted trajectory 

by ~ 0.1 for -t > 0.4 (GeV/c)2, giving better agreement with the n p ~ nOn 

determination. (See Fig. 9(b).) Note that the expansion parameter in (pseudo) 

2 2
triple Regge theory is, for small t, slM (where M is the missing mass) or 

1/(1 - x). This is certainly not large for x ~ 0.6 and there is no a priori 

reason why the theory should work so well down to small x values. Further 

we must remember that, as discussed in Section III, this is not a perfect 

experiment. Our NFS definition is biased and this bias depends both on the 

nO multiplicity and the strange particle content of the final state. One 

2
would expect this bias to depend on M and hence on x. Thus (small) shifts 

in a are to be expected from the corrections due to the biased NFS definition. 

One must also remember that the error in the determination of u causes a t
NFS 

independent shift in a (t)
e 

as discussed in Section II. However we think that 

the simple theory gives an impressive fit to the data. There seems little 

doubt that pseudo triple Regge theory is basically correct and describes the 

bulk of the NFS data. It describes the NFS data as well as ordinary triple 

Regge theory describes the full inclusive cross section. In fact, pseudo 

Regge theory seems to work down to lower x than the ordinary theory. In the 
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latter case the theoretical fits, in Ref. 10, lie below the data for x ~ 0.7. 

We can understand this by supposing that there are both triple Regge (leading) 

and central region (x ~ 0) terms. The tail of the latter extends to high x 

and causes the full inclusive discrepancy; in the NFS case one would expect 

2 
a smaller central region term as its size is governed by the parameter gp 

which is much smaller in NFS compared to full inclusive case. In Fig. 9 (c) 

we compare a (t) from the all neutral and full inclusive final states. Notice 
p 

these similar trajectories were determined from very different energy spectra; 

from Eq. (7), the NFS case is sharper as x goes to 1, by a factor 1/(1 _ x)1.08. 

2
After showing the conventional fall with t for -t $ 1.5 (GeV/c) , both trajec

tories level off at a value of around -0.6 with little or no t dependence. As 

we discussed in Ref. 10, the constituent interchange model predicts such a 

22).behavior with the asymptotic level being _1 We seem to find a significantly 

higher value (a fit with a fixed at -1 is shown for the highest -t bin of Fig. 6) 

but this may be a transition region in t; the trajectory could well go lower 

at higher -t values. 

Finally in Fig. 8, we show the t dependence of the cross section for 

various x bins. Thereisa sharp peak at low t with a break or dip at t ~ -0.5 

2
(GeV/c). The latter is shown more clearly in Fig. 10(a) where we plot the 

pseudo triple Regge residue function G(t) defined by 

-0.08 - 2a (t) 
= G(t)(l - x) e (14) 

There is a clear dip at t = -0.5 (Gev/c)Z which it is natural to associate 

with the wrong signature nonsense zero of the p. There is no structure in 

the AZ exchange residue at this point. We believe that the observation of 

this dip is very significant. Up to now it has only been seen in n-p ~ rron 
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and related amplitudes. The folklore associates the dip with the spinflip 

nature of the ~ p + ~on cross section23). The NFS zero is clearly seen in 

2
Fig. 8 for 0.71 ~ x ~ 0.91 where the missing mass M is large and there is 

no reason to think there is any simple spin structure. In the full inclu

sive case, Ref. 10, we also found a dip in the residue function but it was 

only present when we, fitted for large x and was not visible in the t depen

dent cross sections analogous to Fig. 8. Simple Regge theory seems to work 

over a larger range of x for the NFS compared to full inclusive x. We have 

shown this for both the trajectory and the residue function. It is attrac

tive to associate this with the weak coupling nature of the NFS. 

In Fig. lOeb) we compare the ratio of TI and n production for the NFS 

and full inclusive cases. The NFS value is systematically larger but we do 

not know if this is significant. Returning to Fig. 8, we have sketched in 

the t dependence of the full inclusive data at high -t; we see that both the 

NFS and full inclusive cross sections fall with roughly the same t dependence 

in the region (-t ~ 1.5 (Gev/c)2) where the trajectory values have levelled 

off. 

In conclusion we would like to emphasize the agreement of the all neutral 

data with the simple ideas of pseudo triple Regge theory. This theory was 

motivated by the multiperipheral model but could well be more general. The 

very similar behavior exhibited by the NFS and full inclusive cross sections 
.. 

and the success of naive Regge theory should be valuable constraints on 

theories of the strong interactions. In particular the dip seen for p and not 

2A exchange at t ~ -0.5 (GeV/c) is significant support for the simple Regge 

theory (wrong signature nonsense zero) explanation of such dips in two body 

processes. 

2 
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Table 1 

- Efficiency for Detecting All Neutral Final State 

Value Absolute Error 

Photon conversion and 'IT 
0 Dalitz 

pair decay .81 .10 

Strange particle veto .90 .05 

Neutron veto .98 .01 

Delta rays .90 .04 

Beam attenuation in target .97 .00 

Cherenkov counter efficiency .92 .03 

Total .57 .08 

Table 2 

Backgrounds Under the 'ITo and n Peak (x > 0.57) 

Produced Photons in Fraction 
Particle Detector of Events Background/Signal 

'IT 0 
2 0.8 .001� 

0 *� 'IT >2 0.2 .18 

n 2 0.9 .07� 
*� 

1') >2 0.1 10 

*'IT°'S have more mulitphoton events than n's because of the 

large 2 'ITo cross section. 
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Figure Captions 

The multiperipheral model for (a) the amplitude for ab ~ n 

particles and (b) the total cross section. In (c) we show 

the basic coupling appearing in the ladders of l(b). 

o
Comparison of triple Regge theory for n p ~ n plus either any 

other particles (the full inclusive) or any other neutral par

ticles (the NFS inclusive mode). 

(a) A Mueller diagram7) contributing to n p ~ nO + all neutrals 

for nO,s in the central region. 

(b) A Mueller diagram contributing to n p ~ h+h- +all neutrals 

for two charged hadrons h+h- in the central region. 

The experimental apparatus discussed in Section III and Refs. 

9 and 10. 

A compilation of data onn-p to all neutrals from Refs. 4, 5 and 

17 - 19. Also shown is the point at 100 GeV/c from this experi

ment. The line corresponding to Eq. (3) is plotted with 

a = -0.08.NFS� 

o�Data on n p ~ n plus all neutrals as a function of x for selected 

t bins. The fitted curves are described in the text and the values 

of a (the p trajectory according to pseudo triple Regge theory) 

are plotted for all t bins in Fig. 9(a). 

Data on n p ~ n plus all neutrals as a function of x for selected t 

bins. The fitted curves are described in the text and the values of 

a (the A trajectory according to pseudo triple Regge theory) are2 

plotted for all t bins in Fig. 9(d). 
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o
Figure 8: The t dependence of the n p ~ n plus all neutrals cross 

-�

Figure 9: 

Figure 10: 

section for bins in x. We also show a paramterization of the 

o n p ~ n n data from Ref. 9. The lines drawn through the large 

t data points have the same slope for all x bins. This slope was 

determined from a fit to the full inclusive data (n-p ~ nO plus 

anything) in Ref. 10. 

The t dependence of ~ (t) determined from fits using (7) and 
e 

illustrated in Figs. 6 and}. A linear trajectory passing 

through the p, A and g masses is shown in Figs. 9(a) and (d).
Z 

In detail we have: 

(a) ~	 (t) from n-p ~ nO plus all neutrals. Fits are illustrated 
p 

in Fig. 6 and were performed over the region 0.57 ~ x ~ 0.98. 

(b) Difference between ~ (t) determined as in (a) and that from 
p 

smaller x range, 0.76 ~ x ~ 0.98. 

(c) Comparison of ~ (t) shown in Fig. 9(a) and that from Triple
p 

Regge theory for the full inclusive data. The latter comes from 

the fits in Ref. 10 for x > 0.81. 

(d)� ~A (t) from n p ~ n plus all neutrals. Fits are illustrated 
Z 

in Fig. 7 and were performed over region 0.57 ~ x ~ 0.98. 

(a) The residue functions G(t) defined in (14) for p and A Regge
Z 

poles in the all neutral final state. The dip in the p case at 

t ~ -0.5 (GeV!c)2 is quite apparent. 

(b) The ratio of n to n production (integrated over x ~ 0.7) as 

a function of t in the all neutral final state is compared with 

the full inclusive results of Ref. 10. 
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