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A PROPOSAL TO STUDY 70 AND n INCLUSIVE PRODUCTION

WITH INCIDENT w IN THE TRIPLE REGGE REGION

ABSTRACT
We propose to measure the inclusive reactions

mp o+ (n%,n,w,...) + X @)

W-P e (“o’nsw:"--) + xO (2)

0

X" = All neutral particles

in the essentially unexplored kinematic region 0 £ -t £ 3 (GeV/c)2 and
0.8 <x <1,

The purposes of this study are: (1) To measure the p and A, trajectories
out to larger -t than can be reached in the exclusive charge exc%ange reactions
due to vanishing counting rates; (2) To obtain data in the "triple Regge region"
for comparison with theory for those reactions which are simplest from the
theoretical point of view, and where the theory makes unambiguous predictions; and
(3) To study the relation between high p.. and low p,. phenomena by measuring the
above inclusive processes over a kinemat?c range ex%ending from one region to the
other. For example, we can test the prediction, suggested by the interchange °
model of high Pp Processes, that uo(t) + -1 for large -t.

The experiment will be run in the M2 beam at 100, 150, and 200 GeV/c with
the equipment used in CEX E-111. The data will be reduced using the computing
facilities available at BNL and LBL.

We request two running periods:; first, a two week run to obtain a "first

look'" at 100 GeV/c and second, a three week run to finish the experiment. No
additional equipment is necessary.

EXPERIMENTERS: <CIT: A. Barnes, G, Fox, J, Mellema, A. Tollestrup, and R, Walker
LBL: 0. Dahl, R. Johnson, R. Kenney, A. Ogawa, and S. Shannon
BNL: G. Donaldson, H. Gordon, and 1. Stumer,

CO~-SPOKESMEN: G. Fox and R, Kenney




I. Introduction.

We wish to measure inclusive meson production - mainly 7% and n with
more limited information on w and n' - through their photon decay detected
in the apparatus used in the T p (ﬂo,n)n experiment E-~111. We are
interested in the relatively unexplored "triple Regge' region where the
meson (say 7° to be specific) carries off most of the momentum of the beam,
We plan to study the region where x 2 0.8 (the Feynman x-value is
(pnlpmax)CM iy (EWO/Ebeam)lab)and 0 < -t <3 (GeV/c)2 where the momentum
transfer t is between the 7  and the beam 7 ,

The motivation for this experiment came initially from the development
of the triple Regge formalismlghich relates exclusive processes to inclusive
processes. This formalism, which would be definitively tested by our proposed
experiment, indicates how the p and A2 trajectories could be obtained out to
large values of -t from measurements of 7° and n inclusive production. The
regions of the Peyrou plot where the triple Regge theory and the simple Regge

theory have been applied are shown in the diagram below.
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The triple Regge region has now been studied theoretically and the theory suc-

cessfully compared with experiment for the case pp » pX.
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The inclusive reactions ﬁfp > (ﬂo,n)X are much simpler than almost any of
the other reactions thaf can be studied, because at least in region 2 of the
Peyrou plot they are dominated by the exchange of é éingle pole, namely, the
p or Az. Thus these reactions will continue to serve as a test case for
theories because of their simplicity, much as their exclusive counterparts
have in the past.

The exclusive charge exchange reactions of region 1 have been thoroughly
investigated in Experiment 111 and other experiments at lower energies. The
results for the charge exchange cross—section fit the simple Regge pole model

prediction

do 200 (t) - 2

il TO 3)

surprisingly well. From the experimental measurements the p trajectory, aﬁ(t),
has been determined as a function of t and is shown in figure 1. It is seen that
the points fall close to a straight line thru the p and g mesons, It is also
clear that little data is presently available for -t > 1 due to the small counﬁing
rate at these high t values.

A very impressive demonstration of how well the Regge formula (3) fits Fhe
data from Experiment 111 1s shown in figure 2, Here we plot data from 6-~200 GeV

20(t) - 2

by scaling it with the factor s ‘to 100 GeV and then plotting

the ratio of the scaled data to the 100 GeV result. If equation (3) is correct

this should give a ratio of 1.0. It is seen that for 6 < ELAB

0 < -t < 1 the prescription is an excellent fit to that data. Note that do/dt
4

£ 200 GeV and

varies by a factor of 2.10 within this kinematic region.



The present proposal is to study the m° and n inclusive reactions in

the triple Regge region (region 2). Specifically, for n° production we

will study the reactions:

w_p > WOX

ﬂ_p -> wOXO
The first is the true inclusive n° production and the second is ° production
where the final state 1s an all neutral one. The relevant variables in these
reactions are shown in the diagram below. The theory, which is briefly described

in Section II, predicts that the cross section for these reactions will be of

the form
dzc 1~ 2ap(t)

~ -
dtdx a x)

reaction 1

2 -20_(t)
do 1 - p
"_—dtde - 1 -x) reaction 2
Ul t 7(0
m 2
Mx
P 3 S l-x

\]\le . t = —P%‘

For these equations to hold we must have s large and (1 - x) < 0.2 approximately.
To visualize the rémarkable results predicted by these equations let's
consider the x-dependence of the cross section for different t regions. The
total cross section for reaction (2) as measured by the detector in our experi-
ment would appear as shown in Fig. A below. Now assume for a moment that we
look near t = 0 where the p-trajectory has an intercept of approximately O0.5.

The cross section for reaction 2 would then be proporfional to 1/(1 - %) and would




RF\.
19

e

appear as shown in Fig, B. If we look near t = -0.6 where a(t)==.6,

we would find a curve (1 - x)o'such ‘as in Fig., C. Finally as we go to a
value of t such that ap is equal to -0.5 the cross section would be proportional

to (1 - x) as shown in Fig. D,

-3
o dg= |
{1-x) = const| Jrdi (1-x)

: 1O ) -]
X %

X
A B C D

These remarkable predictions of triple Regge theory have been verified by
analysing some data from Experiment 111, The results corresponding to curves
B, C, and D are shown in figures 3, 4, and 5. By fitting the experimental results
at various values of t with the theoretical expressions, one obtains the
trajectory o(t).

The same theory can of course be applied to n-production and the trajectory
of the A2 meson obtained., The trajectorles obtained in this way from the sample
of data from Experdiment 111 are shown in figure g, It should be emphasized that
the data used had instrumental biases that preclude using it for a precision

determination of the trajectories. The curves are shown to illustrate that the

analysis has been tried and works beautifully.
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The high Py region 3 is to be studied in Experiment 268. Howé&er the
measurements proposed heré will extend to Py ¥ 1.5 - 2.0 (GeV/c)2 so that
information will be obtained 1n the transition reglon between low and high P

" This region is of some interest theoretically. For example, in an attempt to
link the data in the triple Regge region with that in the high Py reglon it has
been postulated in the interchange mode%)that the p~trajectory is not strictly
linear but asymptotically approaches -1 as t becomes large and negative. Present
measurements of the p-trajectory seem to be represented remarkably well by a
straight line through the p and g mesons, extending in the negative t~region
out to about t = -1.5. If the trajectory remains linear, ap(-3) will assume a
value less than -2, which is well below the postulated asymptotic value of ~1,
It is entirely possible, of course,that the p-trajectory continues to decrease
linearly with increasing negative t, and that a completely new kind of physilcs
takes over in the high Py reglon, It will be interesting to obtain information
on this question.

It should be emphasized that the major advantage of the proposed experiment
for measuring the trajectories is that, rather than using the low counting rate
exclusive cross sections for this purpose, one is using the high counting rate
inclusive reactions as a source of data. It is this feature that will make it

possible to collect an estimated 5,000 events with x 2 0.8 and 2 < -t < 3,

It should also be pointed out that the data will be sensitive to whether
or not absorptive effects in the form of cuts are showing up. In the
exclusive charge exchange reaction cuts only show up in the non-spin f£lip
amplitude(which is small except for the region whéfe t 25()) - That reaction is

dominated by its spin flip amplitude which does not have important cut contri-
butions. The spin £flip amplitude is not expected to dominate the inclusive
reaction and hence if cuts are important at high energies, the inclusive

reaction should be a fruitful place to look for their effects.




II. Physics of the Triple Regge Region.

An important part of the high energy physics effort in strong interactions
is devoted to the study of dynamics of simplé exclusive processes such as
w"p + 7°n or w+b - p°A++. The Regge exchange picture has proved to be a sur-
prisingly successful theory for such reactions. Since there are cuts ih the
J plane which could lie higher than the pole trajectory, and hence dominate at
high energy, it was not expected that the simple Regge pole model should
describe the high energy behavior of n—p -+ (ﬂe,n)n so accurately. This success
of the pole model may be fortuitous in that cuts are believed to be small in the
spin flip amplitude which dominates 7 p - 7°n. Thus it is interesting to study
another reaction involving p-exchange but not expected to have a dominant spin
flip‘amplitude to see whether simple Regge pole theory is still valid.

(t) of the

Questions one must ask not only concern the energy dependence s”
amplitudes, but also the t dependence: for ins;ance does the p-~trajectory remain
linear, and 1s the dip at t = -0.6 present in all p-exchange processes? The
recent Ilnterchange modelz) for large P predicts that ap(t) will break away froﬁ
its simple form(s) past t = -1.5 (GeV/c)2 and in fact approach asymptotically to
-1 ag-t+ «, Both thils prediction and cut modifications of p amplitudes are

best examined at large ~t where cross sections are small and thus are vyery hard
to measure in exclusive processes at Fermllab energiles.

However it has recently been demonstrated that the same Regge phenomena may
be studied in inclusive processes where the crogs—sections are larger and so
more amenable to study at large ~t. The reactions studied so far are essentially
the diffractive processes, mainlyé)

pp * p + anything

6
at both Fermilabs) and ISR energles ). The general inclusive process a + b

¢ + anything can be deseribed in terms of the two variables - the normal Feynman x
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(or the fraction of the maximum momentum Poax carried by ¢ in the ab CM system)

’

and the momentum transfer t. In the region of Interest - high s, x near 1,
and small t- two other useful varilables - transverse momentum PT and missing

%

mass M - are given by

- 2
tc:z“PT

1 -xw Mz/s.
In this region, the amplitude for our inclusive process can be described by

the diagram

L'r Nl ™™
where the Regge pole R with trajectory a(t) is exchanged. Squaring and summing

this amplitude leads to the following representation of the cross-section:

where the dotted box is formally proportional to the Reggeon—particie total
cross—section and so can be equated by the generalized optical theorem to the
imaginary part of the forward elastic Reggeon-particle amplitude. The latter
is evaluated at the invariant energy M and so at large M can itself be

approximated by the Regge form to give the final expression
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which is summarized in figure 7 for the special case of T p > 1%+ anything.

Now the general case is .xceedingly complicated because one must sum over all

diagrams

allowed by conservation laws. Unfortunately the current data, which was
predominately from the diffractive reaction pp » p + X, allows a multitude
of Regge exchanges. (Namely Rl and R2 can independently be Pomeron, p, w, AZ,
f, m, B ... exchange). One can nevertheless do very interesting analyses of

the data, for each term has a different behavior, e.g.

| dzg .- X)l - al(t) - cxz(t)
dtdx
for R3 = Pomeron, or
dzc 1 1/2 - .al(t) - az(t)
drdx uj;-(l - ¥)
8

for R3 = f, p, etc,; and the data cover a range of x, s and t such that detailed




fits can uﬁcove; the relative contributions of each term without unreasonable

8)

assumptions. The fits ° do show agreement between theory and experiment but

the large number of pole terms - and the neccessity to neglect some of them
(namely so-called interference terms when Rl # Rz) - makes the fits neither
transparent nor constrained., In particular it is impossible to ask about niceties

of the theory and test for violations, so that there is no clear test for cut

contributions. The tremendous advantage of the reactions

ﬂ~p + 10 + anything
ﬂ—p -+ n + anything

lies in the fact that each allows only a single trajectory (Rl = R2) to be

exchanged, p and A, exchange, respectively.

2
Returning to the exclusive processes, there is still mno convincing Regge

analysis of pp elastic scattering (simply because of the large number of spin

states and exchanges just as in the inclusive cése) whereas ﬁ_p +>(n0,n) +n

have formed the backbone of the theoretical analyses of exchange processes

becaugse of their extreme gimplicity. The inclusive 7° and n production

procesges, discussed in this note, represent by far the cleanest test of the

triple Regge formalism and the best hope to search for cuts and other interesting

effects in strong interaction dynamiés. Note that if cut contributions to the

inclusive process do turn out experimentally to be small, then it will not be

possible to use the standard explanation of a dominant spin £1l1ip amplitude as

in 7 p > m°n. In fact a radical re~thinking of current absorption and cut theories

will then be necessary. The measured cross-section is given by

1 - 2a(t) 8, 1/2 - 2a(t)

=gl(l—x) + —= (1 - %)
s

do
dtdx
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where gl, g2 represent ’\\,kdewj”

. :Pomcr‘oﬂ
P r

and

§ o P

couplings, We can distinguish these terms by comparing the x dependence at

two or more energies. Actually we expect the 8 term to dominate at 100 GeV/c
and above. This result, based on factorization and the pp + pX analysis, is
not surprising as s (= 2m Plab) is huge and the 1/Vs coefficient suppresses

the =) term; Thus we will have no problem in identifying o(t) and thus testing
for cuts, linear trajectories etc, from our measured x dependence at fixed s.
We can also extract the t depeﬁdence of the coupling constants 81 for ¢ and A2
exchange. This will enable us to test for the dip at ta -.6 (GeV/c)2 (familiar
froﬁ w‘p +'w°n) expected for p exchange in naive Regge models., More generally

we can examine the relation between the p and A, coupling constants. In exclusive

2
channels this is given by exchange degeneracy, but this formalism has as yet not
been extended to inclusive reactioms.

We now consider the reaction ﬂ-p -+ nOXO,kXO all neutral, This extension was
originally born of necessity as we had only a (biased) sample of all neutral
data taken in conjunction with E~111l and not the full inclusive data for our
feasibility studies. However the all neutral inclusive reaction has since turned
out to be so intriguing that it would be nice to do a proper job of if. First
we extract from the slightly doubtful if popular multiperipheral model the resultY)
that the s-dependence of reactions like m p + (all neutrals) can be described by
poles in the j~plane and hence has a power law behavior., Perhaps the ﬁodel is
wrong but its prediction agrees with experiment and can be expressed in such

general terms that it might also be true in more realistic theories. The multi-

peripheral model result follows at once from the fact that ladder diagrams like
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split into two separate ladders having ths same form when cut by any line L,
This implies we can sum them by a t-channel integral equation and obtain j-plane

poles. The same technique will work for any cross-section of the form:
ab =+ any particle not satisfying some given property P.

In our case, the property P is being charged, while in another example PP
annihilation, P is the property of being a baryon or antibaryon, Examination
of experimental data confirms an approximate power law behavior for ﬂ—p + all
neutrals: 1n fact

a, - 1

o(r p + all neutrals) ~ s N

where the (pseudo) trajectory has &N:z 0. This contrasts with the total cross~
section which is roughly constant with the trajectory o = 1 (the Pomeron).

Now consider the process:

7 p + 7° + all neutrals

where the 7° is emitted in the triple Regge region, x near 1 and t small. As
already illustrated in figure 1, one can clearly analyse this process in the

triple Regge formalism to obtain the diagram




-12-

Tt e |
- e \,\'—‘*‘f_‘,—r
" P
N
= ~p

where in the bottom leg one has our new neutral pole with intercept &N

instead of the conventional Pomeron, f, and p trajectories. The corresponding

crogs-section 1s given by

2 1-4d 1 - 20 (£)
d“g 2 N 0
T (1/M7) 1 - x)
or in the approximation that aN = 0,
dzc L1 - x)-2up(t)
dtdx '

We have used this formalism to analyse our present all neutral data and find
the remarkable results displayed in figures 3 - 6, The formalism can be
extended trivially to the general reaction m p ~+ (n,mo or indeed any neutral
meson)+ all neutrals,

On a final theoreticél note, we remark that the triple Regge formalism
is valid in region of small t, large M2 and large s/MZ. The latter condition
implies x is near 1 [as s/M2 = 1/(1 - x)]; experience with pp - pX has determined
this region as x > 0.8 (or s/M2 > 5). It is important to investigate whether
the triple Regge behavior occurs over a larger or smaller x-region in reactions
(2). Since only a single trajectory is exchanged in these reactions, the range

of wvalidity of the triple Regge formalism can be studlied with greater precision,
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III., Experimental Details.

The equipment needéd for thie experiment is part of that used in the
charge exchange Experiment 111. Two different configurations of the detector
will be used. In one, called Geometry I and shown in figure 8, the detector
will be located to the side of the beam and will cover the higher t regions of
the reaction. In the other arrangement {(Geometry II), the detector will be
directly in the beam as was the case for E-111 and will cover the low t values.

The charged particle veto counters around the target for studying the all neutral
final state will be the same as those used previously. The checkerboard counter has
already been constructed and installed for E-268, The experimental equipment

is essentially ready'at present.

However, in order to perform this experiment, it will be necessary to handle
those cases where more than two gamma rays strike the detector or where additional
charged particles accompany the 7° and cause pulses in the detector. In E-111
(ﬂ_p > won), these cases were all automatically excluded; however since we are now
studying inclusive reactions we must be able to reconstruct the 7° when it is
accompanied by other particles from the same reaction.

- Wé have stu&iéd this problem using data taken during the charge exchange
experiment. For the geometry where the detector is located in the beam
(Geometry II) we have found that only about 25% of the events have additional
photons in the detector when x > 0.8. This results from requiring a very
high x, in which case little energy is left over to make other gamma rays that
fall within the relatively small angles subtended by the detector. Although
we have not made measurements, calculations show that there will be signifi-
cantly fewer events with additional photons for Geometry I.

Although the confusion of multi-gamma eveﬁts is not expected to be serious
we have nevertheless undertaken to solve the problem of reconstructing such

events in the detector. The results of this study are described more fully in
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our accompanying report on parasitic running of.experiment E~268 in the
large Py reéion'where muléigamma eéents present a more serious problem.
An extensive progfam has been written for the event reconstruction and it
has been run on the 7600 at BNL. From the success that we have had so far
we do not belileve that we will have any biases in this experiment from multi-
gamma events. Adequate computer time will be avallable at LBL and BNL for the
analysis of this data. Other possible problems are related to the energy
resolution of the detector which limits the precision of the measurement of
x and the migsing mass., These problems have been studied in detall as discussed
In the Feasibility Study submitted as a suﬁplement to this proposal, It has
been shown that they will not interfere with the goals of this experiment,

The cross sections used for estimating counting rates in thils experiment
are shown in figures 9 and 10. It 1s worth noting that the all Inclusive cross-~
gection shown in figure 9 is very much larger than the charge exchange cross section
in figure 10, The 7 p -~ 7°%x° cross section is intermediate in value.

We plan to make measurements at 100, 150, and 200 GeV/c or greater for the
incoming pion. This will allow for a comp}ete check on the consistency of the
s and M2 dependence of the the?retical.formulae. The cross—section ﬁ_p > 1°x° is
small enough so that in some running the trigger must include the charged particle
veto around the target.. Information on this reaction will also be obtained
during measurements of the all dInclusive process by tagging those events.
in which none of the target veto counters was triggered. We can obtain a check
on the value of the "pseudo' parameter &N by measuring the all neutral cross section
between 20 and 200 GeV for comparison of its energy dependence with the expected 1/plab.
This is a very simple measurement which will not require much time, and it will allow
an independent verification of one terﬁ in the theoretical formula. The counting

rates at high t, of course, are unknown as we do not know how the p-trajectory

behaves. However, the sensitivity of the experiment is sufficient to insure that
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even if the trajectory continues to.,be linear, we will have a good determination

of ap(t) out to t = =3,
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IV, Runninngime Request:

Table I shows the estimated cross sections for the two reactions that
we wish to study. The values at high t are, of course, very uncertain, Using
these values we have estimated the running time required for these measurements,

We request two running periods. One two week period during which we would
get a "first look" at the 100 GeV/c cross section. This would be followed later
by a three week run to finish the experiment.

The number of events expected from such a run are shown in Table II. It is
clear that the full inclusive reaction will yield an adequate number of events
for an excellent determination of the p-trajectory out to at least t = -3. On
the other hand the reaction w p - 7°%° will suffer from a lack of statistical

accuracy past a t of -2,

Detalls of these estimates may be found in the Feasibility Study submitted

as a supplement to this proposal.
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Table I

Integrated cross sections in ub for 0.8 < x <1,

and for the t intervals shown.

Reaction Piab 100 GeV/c 150 GeV/c 200 GeV/c
T p + X <-t<1| 100 100 100
< -t'<s2 1-10 1-10 1-10
ﬁ -t <3 1/5-3 1/5-3 1/5-3
T p > 1OX° < -t <1 2 1.3 1.0
< -t <2 .07 .05 .035
< -t <3 .01 .006 .005
Table II
Division of Running Time
and Expected Counts
2 weeks 1 week 2 weeks
100 GeV/c 150 GeV/c 200 GeV/c
Geom. 1 Geom, 2 Geom. 1 Geom, 2 Geom. 1  Geom. 2
Hours 100 60 50 30 100 60
At
0-1 - 240K - 120K - 240K
Tp>TX | 1-2 5K-50K  2.4K-24K | 2.5K-25K 1,2K-12K | 5K-50K  2.4K-24K
2-3 1K~15K - 500-7K - 1R-15K -
0-1 - 14K - 5K - 7K
mp>nox° | 1-2 320 500 110 160 160 250
2-3 60 - 20 - 30 -
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Comparison of data on 7 p -+ 7% 1in the 6 GeV - 200 GeV interval
with data at 100 GeV by scaling the former with the Regge
formula (3). This ratio of scaled data to the 100 GeV result
should be equal to 1.0 {f equation (3) is correct.
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101 GeV/c data on 77p - 7°X° (all neutrals) in the range

0 £ -t £ 0.1 (GeV/c)?. The peak has a large contribution from
1° A° final states where "A" stands for the nucleon resonances
(¥*) excited in the scattering. Extraction of the triple Regge
% is unrealiable for the small t values in this distribution
because of the relatively large yield of A° compared with higher
magsses of the inclusive final state. (The triple Regge analysis
derives o, from these high mass states.) This distribution can
be compared with Fig. B in the text.
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The distribution in this figure is like that in Fig. 3, except
here the t range is 0.4 < -t < 0.6 (GeV/e)2, 7In this region of t,
the number of high mass final states dominates by a factor of 4 and
permits the triple Regge analysis to-extract the value of a. = 0.1,
averaged over the internal in t., "This distribution can be compared
with Fig. C in the text.
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Abstract

This study represents the backyground theorétical and analysis details
of a proposed Fermilab experiment to measure inclusive WO and 1 production
in ﬁ*p and {(later) pp collisions.

We summarize the triple Regge formalism for both the full inclusive
and the rather amazing extension to ﬂ_p'* w° + all neutrals reaction.

We describe . the proposed experiment in sufficient detail to motivate the
theory and discuss detection efficiencies andAenergy resolution. Finally

we estimate event rates for many of the reactions of interest.
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I: Introduction

In this note, we preséht background material for the accompanying experi-
ment proposal to measure inclusive meson production. This concentrates on
inclusive 7° and T reactions but will also obtain more limited information
on w, ' and ﬂo ﬂo pairs. The mesons are detected through their neutral
decay in the apparatus used in the ﬂ_p +'(ﬁ9,n)n exXperiment E111. We are
interested in the relatively unexplored region where the meson (say HO to be
gspecific) carries off most of the energy. of the beam. Precisely we study
region X Zb-? s where the Feynman‘x—value is essentially the laboratory
energy ratio Ego / Ebeaﬁt , and relatively small momentum transfer 't ) be-ts 5(’8,,_4[('%
{(Gev/c) 2, between beam and 7°. Theoretically, as detailed in Section II
and figure 1, this region is described by the triple Regge fomalisml which

predicts the cross~section

N 1 1= 2 (F) 2 (D) (2)
dc‘/d{— — 3& ( \~ac§ 4.37/ (-
dx (X
Here of_is trajectory function of exchanged Regge pole (or cut)and the
first term dominates at Fermilab energies. One determines of as a function of t

by fitting ¥ dependence of data to the above form. The accompanying experiment

has been optimized for the reations

T p + T + anything (2a)

T p +>n + anything ‘ (2b)

which select pure 9 or A2 exchange respectively. These provide the cleanest
tests of triple Regge theory because only a single Regge pole is thought to

be exchanged. Thus one can trivially determine its trajectory from (1), and




so the test for the presence‘of cuts. One can also check the prediction of the
seemingly successful interchange model2 of high FT processes that g{?({:)
deviates from a linear form at large -t and asymptotes to -1. Indeéendent of
such specific theories, we feel that because of their simplicity the inclusive
processes (2) are of basic importance to theory. Here the situatibn is qﬁit

analogous. to exclusive processes

T p > (Wo,ﬂ)n (3)

which first provided solid evidence for relevance of Regge theory and still
form basis of most phenomenclogical work on strong interaction dynamics. as
emphasized in Section II, although the triple Regge formalism has been
successfully compared with available experiments, good déta is at present
confined to diffractive processes. Unfortunately these allow such a host
of exchanged trajectories, including the rather obsure Pomeron, that the neat
tests possible in our reactions (é) are not allowed. A similar situation occurs
in exclusive processes where diffractive pp elastic scattering has never
provided good tests of Regge theory whereas the clean reations (3) have been
vitally important.

an impor£ant advan;age of the inclusive reaction (2) over exciﬁsive {3)
is that it has a much larger cross-section. For instance in 400 hours, we
estimate that one can collect upwards of 4,000 events with X0 ¥ and 2 < -t <
3 (Gev/c)2 for ﬂ_p + 72 inclusive. Actually this number is very uncertain.
Another crude estimate gave an order of magnitude more events. In any case
the proposed experiment can reasonably hope to determine c(g(t) out to t::-3
and provide more sensitive tests of theory than is possible in exclusive

. \ 2
processes which run out of cross-section for t = -1.5 (Gev/c) .




This rate estimate is described in Section III as is that for:

T p > n' + anything which is A, exchange and measured n'/n ratio allows

2
3
neat SU(3) symmetry tests.

Also discussed there are the baryon exchange reations

pPp - (Tro,n,n’) + anything,

which are smaller in size and so more difficult to study than their T p
analogues. However even the limited information it is possible to gather

in a modest inclusive experiment, should be able to push study of baryon
exchange out to larger (A than has so far been achieved. For instance the
whole question of shrinkage {(i.e. a linear or flat baryon pole/cut trajectory)
is still open but testable in an experiment of 100 hours out to u‘gvvl.s (GeV/c)z.

In Section II, we also emphasize that the reaction

T p > T + all neutrals

provides new tests of both the triple Regge formalism and some neat physics
suggested by the multiperipheral model. In fact we have already performed a
preliminary analysis of a (biased) sample‘of all neutral data at 190 GeV/c.

Theory suggests the approximate dependence,

&0‘/&&- dx o (3.'-’3&)”2—0(3(6 ; UF‘)

and the appendix and figures 2 to 6 record the results of our analysis. As
predicted by (4) we f£ind for E‘:c) an & distribution peaked at

X =1 {(fig. 2, (4) becomes i/(l—x\ for ¢ =o, xg(o\ =-+4 ), for E=-.5

‘a roughly flat shape in X (fig. 3,«%3,(.6)*;; O ., (4) becomes constant

in oC ) and for largest t Xin (fig. 4,2 % -t & (Gev/c)? ) a distribution




peaked at L= O-¥ . rhis change in . shape with t directly reflects
non zero slope of S) trajectory and corresponds to well known shrinkage

in T p ~ °n. Fig. 5 summarizes the S}and A2 trajectories determined in this
way: this is really just meant to indicate our ability to perform our new
proposed experiments. fhe analysis suffers from both haste in data analysis
(which will be improved quite soon) and inevitable biases in the data inherent
from the CEX setup. (See appendix). Fig. 6 compares the 7O+ all neutral

cross-section {(for X » 0'Jd ) with Tp = ﬂon at the same energy. The larger

 inclusive cross-section at high b — and hence better bt-detérminétion'here -

is obvious. We estimate that the full inclusive HO cross-section is yet

some 10 to 50 times bigger again than its all neutral analogue. At small

-t, the theoretical estimate {(which should be good to a factor of 2) is

shown in fig. 7 and compared with our measured (biased) all neutral cross-

section. Within its accuracy, this prediction agrees with crude measurements

we made during the running of £111 to estimate trigger rate for this proposal.

All the rate estimates for ﬂjp and pp inclusive are described in Section III.
In Section IV, we coiléét'togéfher some nétes on proposed experimental

set~up (schematized in Fig. 8) and discuss difficulties in analysis. It will

require a lot more attention to Aetail to éhange the preliminary agalysis,

reported in Pigs. 2 to 6, into solid results. However we believe ﬁhat we can

- quite straightforwardly consolidate these beautiful results and extend them

to the full inclusive reaction.

ot s b s 7 e e
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II: Physics of the Triple Regge Region

An important part of the experimental high energy physics effort in
strong interactions is devoted to the study of dynamics of simple exclusive

o - : +
processes such as T p>T°n or 7 pﬁSPA++.

The Regge exchange picture has proved
to be a surprisingly successful theory for such reactions. For instance

completed experiment E111l indicates5 that the single‘s>exchange diagram,

>y -
n— we
Ay
P n
— T D

describes ﬂ?pﬁﬂcn from 5 to 200 GeV with amazing accuracy. Further the
5? trajectory obtained from this analysis is linear
%o L) X 0-5+t (5)
out to the largest t{(= - 1-5 (Gev/c) ?) studied. Again this trajectory
extrapolates nicely through the é? znui:a poles. Theoretically'this success
is rather surprising for general results indicate presence of cuts in the
J plane which lie higher than the pole (5) and should dominate at high
energy. Further there are problems in ot@er reactions with simple pole
models which are popularly explained by absorption: éffects6. Theée give
rise to the cuts alluded to before and so spoil the simple expectation (5).
The success then of the pole model in ﬁ_9+ﬂon is reduced- to an accident
{(e.g. many believe that cuts are small in spin flip amplitudes which dominate
ﬂ-p+(wo,n}rﬂ) Thus it is important to investigate other reactions to see if
simple Regge theory stii{)works, Questions one must ask not only concern
sl

energy dependence S for amplitudes but also t dependence: for instance

is the dip at t=-"6 (GeV/c)2 present in all j? exchange processes? Again
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- the recent interchange mode12 for large QT,predicts that °§g(b\ will break

away from its simple form (5) past t= -1-5 (GeV/c}2 and in fact asymptote

to -1 as t*-. Both this and cut modifications of EE amplitudes are
best examined at large -t where cross sections afe small and so very’hard to
measure in exclusive processes at Fermilab energies.

However it has recently beén demonstrated that the same Regge bhenomena
may be studied in inclusive processes where the cross-sections are largerx
and so more amenable to study at large -t. The reactions studied so far
are essentially7 the diffractive processes, mainly8

pp > p + anything
at both Fermilab9 and ISR energieslo. The general inclusive process
a + b + ¢ + anything can be described in terms of the two variables - the
normal Feynman X (or fraction of maximum energy JE}GL carried by ¢ in
ab c.m.s) and the momentum transfer t. In the region of interest - high s,
X near 1, and small t- two other useful variables - transverse momentum gT.and

missing mass M - are given by
t:_p.r.?.
2
1 -x=M/s.

In this region, the amplitude for our inclusive process can be described

by the diagram L

—-xg&mmm
with some Regge pole R with trajectory o (t) exchanged. Sguaring and summing

this amplitude leads to the cross-section form:




e g i A S 1

where dotted boOXx is formally proportional to the Reggeon particle total
cross-section and so can be equated by the generalized optical theorem to
imaginary part of forward elastic Reggeon-particle amplitude. The latter
is evaluated at invariant energy M and so at large M can itself be
approximated by the Regge form to give final expression.
o G{ A
s d
R
——t
R T -

T =o
which is summarized in figure 1 for the special case of T p > m° + anything.

Now the general case is exceedingly complicated because one must sum over

all diagrams J//,//27;;’ ‘~N\}f‘£i\m\k

Py
’}/
7&

/N

,O

&

|
'R,
ey { o~

P d -

allowed by conservation laws. Unfortunately the current data -~ which as we
said ~ was predominately diffractive reaction pp > p + X, allows a multitude

of Regge exchanges. (Namely Rl, R

5 can independently be Pomeron, p,w, A

2'
£, m, B ... exchange). One can still do very interesting analyses of the

data, for each term has distinctive behavior
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4 (1-x)
/ﬁlt(ix; o

\'gb“' Rs = ?Q\WO-'\}

= Uy ~ o LY=o, (&)
o~ ds/ ] (\~— 7% 2
o dtdx o /Szé ai)

For Ry= 9 oke,

and as the data covers a range of x, s and t)detailed fits cap uncover
the relative contributions of each term without unreasonable assumptions.
The fit38 do show neat agreement between theory and experiment but the.large
number of pole terms - and the necessity to neglect some of them -~
(namely so-called interference terms when Rl#Rz) - makes the fits both
untransparent and unconstrained. In particular it is impossible to ask
about niceties of thé theory and test for violations, so that there is no
clear test for cut contributions. The tremendous advantage of the reactions

T p » 7° + anything

T p > n + anything
lies in fact that both only allow a single trajecto;y to be exchanged - :g)

4]

for 7 and A2 exchange for 1n production. Going back to exclusive processes,

there is still no convincing Regge analysis of pp elastic scattering (simply
because of the large number of spin states and exchanges just as in inclusive

of exchange processes because of their extreme simplicity. The inclusive

."O

and n production processes, discussed in this note, represent by far the
cleanest test of triple Regge formalism and best hope to search for cuts and

other interesting effects in strong interaction dynamics. Note that if cut
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contributions to the inclusive process do turn out experimentally

to be small, then it is not possible to use the standard explanation of a
dominant spin flip amplitude as in m p - 'n'on. In fact a radical
re-thinking of current absorption and cﬁt theories will be necessary.

The measured cross~-section is given by Yy -2 (i‘\
o oy V=208 o (1-x BT i
iedn = Jo O :) "% | (*)

A1
9 5
where gl, gz represent :szron and [ {a‘?
! .

couplings. We can distinguish terms by comparing x dependence at

two or more energies. Actually we expect the gl term to dominate at
100 GeV/c and above. 'This result based on factorization and pp - pX

analysis is described in Section III but it is not surp?:‘is_ing‘for

s (%2 2w Pﬂ&-@‘) is huge and the l/& coefficient suppresses the

g 2 term. Thus we will have no problem in identifying of{t) - and so

testing for cuts, linear trajectories etc. - from our measured X dependence

at fixed s. We can also extract t dependence of_coupling constants

9, fory and A2 exchange. This will enable us to test for the dip at ‘t o~ ...,6
(Ge\?’/c)2 (familiar from ’IT-p > Tron) expected for j exchange in naive Regge
models. More generally we can examine the relation between S and

A coupliﬁg constants -~ in exclusive channels this is given by exchange

degeneracy, but this formalism has as yet not been extended to inclusive

reactions.

v s—— s et g 6 B e e L 1 R C R b et g e - e s s e e,
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We now pass to an interesting extension of the theoxy. This extension
was originally born of necessity as we had only a (biased} sample of all
data
neutral data taken in conjunction with E111 and not full inclusivesfor our
feasability studies. However the all neutral inclusive reaction has since
turned out to be so intriguing that it would be nice to a proper job'of
it. First we extract from the slightly doubtful if popular multiperipheral

model the resultll that the s-dependence of réactions like ﬁ‘p -+ all

neutrals can be described by poles in j-plane and hence have a power law

behavior. Maybe the model is wréng)but its prediction both agrees with
experiment and can be expressed in such general terms that it might also be
true in more realistic theories. The multiperipheral model result follows

at once from fact that ladder diagrams like

nmo

Y
Ld
—

% n—

! t

— — — = = = - L

n— i y o=

A wt
? > n g férP

split into two separate ladders having same form when cut by any line L. this

implies we can sum them by a t-channel integral equation and obtain j-plane
pole§. The_same teqhnégue‘w}ll york fpr any crggs—sec?ion qf §9rm4%

ah * any péiticle gggtsatisfying some giﬁen property P. ’

In our case, the property P is being charged, while in another example §p
annihilation, P is property of being a baryon or antibaryon. Examination of

experimental data, confirms an approximate power law behavior for m p =+ all

neutrals: in fact o~
- gg"h&“l
o{m p ~» all neutrals) ~ =




L3 . N
where (pseudo) trajectory XX . This contrasts with full total cross-

section which is roughly constant with trajectory o¢. =1 (the Pomeron).

Now consider the process:

7 p + T° + all neutrals

¢ .
where the T 1is emitted in the triple Regge region, x near 1 and small t.

As already illustrated in figure 1, one can clearly analyse this in the

triprle Regge formalism to obtain diagram

WG
MO \—-—4——_—-

N ~> & 5 N
‘? - \;/ - \?
1ol
¢ — “— P

where in bottom leg one has not the conventional Pomeron,&-,d?' trajectories

but rather our new all neutral pole with interceptii,hd . The corresponding

o 1=y |~ 2 o ()
deatax ~ (7D - (=)

o dv/abdm ~ Y _ (12T ()

ol

in approximation oL N =0 . As described in appendix , we have used

cross~section is given by

this formalism to analyse our present all neutral data and find the beautiful
results displayed in figures 2 to 6‘. The formalism cantrivially be
extended to the general reaction wm-p > (N, mo or indeed any M*o) + all
neutrals.

On a final thecretical note, we remark that the triple Reggé formalism
is valid in region of small t, and large M2 and Sﬂdz. The latter condition
implies x near 1 (as Sﬂdz = 1/(1-x) ) and experience with pp + pX has
identified the region x > -« 8 (or s/M2 > 5). It is important to investigate
whether the triple~Regge behavior occurs over a larger or small x-region in
reactions (2). Since only a single trajectory is exchanged in these reactions,
the range of wvalidity of the triple - Regge formalism can be studied with greater

precision.
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III. Expected Cross~Sections

Define triple Regge cross—section

1 ;

0
(T(L)£> - Ax cxo'/iktg{a;
~

&

‘TTR i (7)
/d't.

L.

from which it is easy to calculate the expected number of events in a given
experiment by multiplying by t -~ bin, geometric efficiency (cf. Fig. 9}

and sensitivity in evs/ub.

Aa:T p > (1°,n,n' }4anything

For small t)we can estimate this guite reliably using factorization and
SU(3) to relate g, and 9, in (1) to the analogous terms extracted from fits
to pp > pX datas. We first dispose of the 9, term which is only 15% of g1
{integrated in x from "8 to 1) at 100 GeV/c and decreasing with energy in

accordance with '/GE; in (1). It turns out that theyratiofr,
- = S:L (QJ_ R, "?C’W) (?)
3" (39 - ?Qmﬂ_rﬂf\)

is not known as exchangé degeneracy (EXD) is not believed to be valid for

Vs

such couplings. Thus one cannot distinguish f; and A2 using pp * pX

data and one can only predict their sum which is

0_,1!@-\.3/‘ _ G_(“__?'_;)“of\\ + 3 G—(“WP"‘”{\(\) ' (9)

and the individual reactions are given in terms of (8) and (9) by

o S (W) o 31
G_, 1N — .

' (10)
S (W ed) 4w cos™ (T e (9 /2)
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we+3
VCDSL(W <) ) O )

e} (} = 1n
| 3{ Sud (Mefp ) /) + v Cos™ (rraz\?m/a}

(453 is

One of the aims of the small t data analysis (where ogg a
AR

not so interesting) will be to find r (and so examine for unexpected EXD)} and

search for zero at e{g =(Q from (10}. 1In any case, figure 7 shows

| if+3
by dcr&/&_t (x, =65 cund -3,*:)

extracted from our pp -+ pX fitss. If r = 1, this is a good estimate of
o
Cr“ at t = o: whatever r, the rates are so large that we will have plenty
of events.

For r =~ 1, we find that

o0 ‘ 100 ub T p > T°,
d () &O;R ( 3,:'%) ~ 10y TP, facusive
o /ci-t '

0+25 yb T p > 7N'-

),we don't really know what to do and have

/
tried two methods. First we use factorization and pp + pX data 10 at X= -8.

At large -t (2.5 (GeV/c)?

This gives estimate

Ao Ao ‘;/ (-8,6) < J_ +*
2 at

Another method is to uge our T p > ﬂO + all neutral data and assume
6 (9= p> all naubals) _ o (mmp 5 all aakeals)
o (g p= al) o (v p > i) (a3

where.gh,is our exchanged Regge pole in figure 1. ‘At 100 GeV/c and x = "8,

(42)




this gives
&0'/8.% dx (v"‘? > w0+ ad m‘crcdS} ~ ;/ ,
250 (14)

cia‘/d&:dx (n'?a:@ wo +CL9~1\ o
Using the appropriate x dependence ( (1) or (4) ), this
Applying it at larger t

Vindependent of t.

agrees rather well with ratio of curves in fig. 7.

gives ~ 3 o
’&(‘E\'é_?:g ('31‘*:) ~ 3 \”h"" 4

2 dt

(15) is of course much bigger than {12) and the difference reflects our theoretical

incompetence at large -t. Note that in the interchange modelz, {12) would
be an underestimate as pp * pX decreases with t faster than T p + X (former

is 1/t8, latter 1/t%).
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B:pp (ﬁo.n,n') + anything

. o . . . .
The proton induced T~ production is easier to estimate. Thus we assume

O

PP > T is a half pp - ﬂ+ which is a slight underestimate based on neglect

of I = 3/2 exchange. Using a conventional linear nuclear trajectory and the

’,

*
ISR measurements of pp - 7t at ®= "8, we find

"/A (-8, u=-4) =¢- 5 \JL‘/(%—QU{C\?—
405 R*/dq (.8, u=-\: 5) =¢ol PQI‘/(%QV{C\

(16)

ﬁ—ma—jd(ﬂxﬁdi/A(gtA —:.—.\F«%"

The 26,000 ev/ub study possible in a 100 hours of running should
provide a useful first study of baryon exchange for ;4 < |u| < 1.5.

We expect very few n events because of the small pf) + 1N coupling.
Any n' events would be very exciting because of the neat SU-(3} phenomenology

of % %+ + 0 couplings that it allows.

*
The rapid decrease with u in (16} corresponds to rather normal exp (-6 pT}

behavior in x = .8 data.
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C ﬁfp+ (ﬂoﬂo) + anything

o]
This reaction for low mass 7o pairs is particularly interesting as it
igs pure T exchange. Shrinkage or not of the T Regge trajectory is still

a debated point. If we make stringent cut of 270 < M o0 <570 MeV, we find:

dorp (-8, b= —4) & 9o -/ (fevi)®
ot | B -
dorp (B, b=—1) X 2-‘3\»’6/(%2\1‘1\

dt
which estimates come from formula

V= 2L ot (k)

(v~ P> a® woW) R 0-003 (\‘-::f.)

A/ dx (- wix " ()
m‘)..

t:o{:

derived using T exchange inclusive formalism of ref. g)and unpublished data
from Sonderegger on ﬂfp +'(E0ﬂoiﬁ at 5 GeV/c. These cross-sections look
large eﬁbugﬁ fof!one to uéé.this ihclusivg reaction to deterﬁiﬁe i trajecﬁor?
in interesting -t > "4 (Ge‘.?/c)2 region. Note that 570 MeV upper mass-cut was
solely determined by avéilability of Sonderegger's data for quick calculation.
In our experiment, mass limit will be determined by necessity to both avﬁid

A, exchange {(which is allowed for higher mass, non S wave, ﬂoﬂo pairs) and to

2

¢cet reasonable acceptance in apparatus. 570 MeV seems quite conservative.
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IV. Summary of Experimental Setup and Analysis

In figure 8 we sketch the layout of the accompanying proposed experiment.
It is similar to E 111 except the shower vetoes have been removed. This
allows clean studies of the all neutral final state. See appendix fqr
discussion of back scattering difficulties in all neutral final state for
E 111 setup which later was of course optimized for CEX reactions. The
apparatus will be arranged in two configurations:
Geometry 1 - The detector is taken out of the beam to emphasize the
large -t region and avoid saturation of data collection by the
multitudinous small t triggers. In this setting the geometrical
acceptance for wo's ranges from 15% to 35% for 1 < -t < 3 (Gev/c)z.

(Figﬁre 9).

Geometry 2 - The detector is left in the beam with ~100% geometrical
acceptance for -t < 2 (Gev/c)z, but the data rates at 100 and 150

GeV/c exceed collection capacity by a factor of about six.

The propésed trigger will require > 65% of the beam energy in the detector
x > 0.65), to ensure tﬁat sample is entirely free of trigger bias for x 2> 0.8.
In Geometry 1, one may be able to lower the trigger threshold and investigate
a wider range of x without exceeding our data collectingkcapability. As
discussed in Section II, it would be important to try to understand region of

validity of triple Regge formalism.

Geometry 1 should provide a cleaner sample of events than Geometry 2

in that there should be fewer unwanted particles in the detector {(i.e.,



-18~

particles other than the Kl's from the neutral mesons of interest). Actually,
such backgrounds are not a serious effect in either geometry - for instance

in our data for 7Tp > 70 + all neutral, using Geometry 2, only 25% of the

events with x>0.8 have additional photons besides those from the desired w°.

In ordinary multiparticle events, geometry 1 has one-third as many particles

in the detector as geometry 2. We expect at least this amount of improvement

for inclusive data with unwanted particles decreasing with t as ET conservation
tends to force other particles to the other side of the beam line.

Let us now discuss analysis of the data. First we must dispose of
charged particles which are a new feature not present in our much studied all
neutral test data. As has already been discovered in analyzing data from
E268, these are not a serious problem because they typically give puny
pulse heights in the detectore Pbreover, their position is taggéd ﬁsing a
charged particle hodoscope placed in front éf the Kf—ray detéctor.

However additional neutral particles are more tiresome. Thus no longer
can we use the total energy in detector as a measure of 7° energy: rather
we must fit the measured pulse heights in 70 x and y counters to our observed
photon shower shape. This, which is rougﬁly independent of photonfenergy
is shown in fig. 10 - note our photons of interest are very distiﬁctive.

Thus T° has >80% of beam energy (as we studﬁ X 2 .8) and there is only
20% left to divide among all the other particles. Further the central three
fingers hold 80% of energy of a given photon. Thereby if we make a decay
angle cut (0058<;5;; ﬁénensure both photons from 7° decaykhave substantial
energies, they will stand out if not like a rose in the desert)at least 1ikek

a sore thumb)which is sufficient for our humble computer. So an essential

feature of photon detector is that it will have comparable energy resolution
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whether or not additional photons ente% detector. In the current Elll set

up, we have found (see appendix) a 2% energy resolution for 100 GeV ﬂo‘s

and even better for n's. That this is sufficient for the accompanying experi-—
ment is best illustrated by figures 2 to 4 but to further convince you, we

show in figure 11 the predicted shapes (1) for various ap(t) smeared by our

7° energy resolution. Clearly we can easily distinguish say a linear trajectory
(ap(—B) = -2.2) from a flat ap (-3) = -1. Thus figurés 2 to 5 illustrate that
resolution only gives systematic errors of * * .1 in & which are much smaller

thdn effects being studied.

i e e 4 S —
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Appendix: Analysis of 7 p - (ﬂo, n) + all neutrals from Elll

To aid the study of background in the charge exchange reactions (CEX)

T p > (Wo, n..) +n 7 (a1)
which were measured in experiment 111, data on the all neutral final staﬁes
were recorded simultaneously. Whereas the CEX reactions were characterized
by no signal in either charged or neutral vetoes, the all neutral final state
reaction was signified by no signal in just the charged wvetoes. Unfértunately‘
the sample has some bias from the backscattering of Y showers from the
(neutral) wveto house into charged veto counters thereby falsely vetoing an

all neutral reaction i.e.

NEUTRAL VETO HOUSE
{
,’ éfcharged particle

¢
4

el - = -~ »charged veto
MY ray :
> i <—— target

Beam

This éifficulty is not present in accompanying proposal, as neutral vetoes

are removed. We took the sample of 101 GeV/c all neutral data andjsearched for
the triple Regge reaétion | | | |

TP > (ﬂo, n) + all neutrals o {a2)
characterized by a Wo or 1 with energy greater than 80 GeV/c in the 7°
detector. We have undertaken a provisional study of backscattering bias
using pulse height information in charged and neutral vetoes. The effect is
definitely present but it does not look as if it will affect our analysis

too much as the size is not strongly correlated with 7° or n energy in range
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needed. However for this and other reasons that will soon appear, the analysis
is prelimihary.

In principle the analysis is simple: one need only collect together all
data on (2) in a fixed t range and fit the energy dependence of ‘the final ﬁo or
N to the approximate theoretical form . (E}

dg"/&k_ dx = Const , (4 “IB-—?“DL (6)
to find the desired g (Tro) or A2 {n reaction) trajectory. There are of course
technical difficulties.In the actual data processing we must find a reliable
method of determining the Wo,n energy and igs error (the determination of t
presents no problems since the experimental t resolution is much better than
- needed). We have solved this problem for the special case when only two
photons hit the detector (:275% of the events). In this circumstance, there
are no other particles in the detector besides the 1° ( or n) of interest,

and a simple moment technique developed by Walker for E11ll is applicable.

Define the first three spatial moments of energy measured in the x or y

counters
X,y Y
Xy _ E. | _ (Qg} . s e Lanoryy
Eo = ? L g oS e d it Cowdar

o ot poSikion XY
- g7 (A |
Zz = '/E% %—2" & )
o s 2: ) _
2 y o > (z.-2) &L (R.3)

: O

2z

=X 0"‘1

H

Then one can easily show that a particle of mass m and energy E decaying

into photons, satisfies

2 _ ] 2 2 2| '
(™) - /Ll {G-‘*(Yd ”28} 26)
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where detector is distanceﬁ[. from the target and the 51:0.65 cm2 term

comes from the intrinsic spatial spread of a single photon shower. In the

moment method, we combine the values of E determined by (A.6) (whereé}_,?ﬁ

are measured and m fixed at its conventional value* m. or mn) and the simple

zero moment E ]/ (G,x \ 6 3) ) |

e = I o Q (A.7)

The energy resolution from (A.G)) (2a.7) or their combination was deter—

mined by analysing 1915 and n's of known éneﬁgy from ﬁ—p -+ (ﬂo, nin at both 50

and 100 GeV/c taken in the same geometry. We find (standard deviation).

resolutions S%Q ~ 2_-3 S‘E/.’l.()o ‘50‘_ ne orl]

SE, ~ 3.2 ( €/100) foc wo
SE, ~ \ 3 (E/ioo') 50,’\() (a.9)

(A.8)

where E2 represents energy determined by second moment (A§) and n has a
better Ez determination due to the greater photon separation in detector.

Combining {A.8) and (A.9) we get typical combined errors** of

Sé\m’( ~ 2&2\/ \fsoc ne
§ Cpot ~ Vh %“V 50’5]

This is more than adequate as is shown in figures 2 to 4 which plots the

(A.10)

enexrgy distribution from three t-bins along with the result of a fit to

*Tdentification as ﬂo or 1 determined by rough m value found from

{({A.6) using E = Eg-
**7t should be pointed out that this resolution was achieved on the data

sets on which the program was tuned. In the hasty analysis of the entire
data sample shown in Figs. 2-4, the resolution was broadened by many factors
which will eventually disappear on a careful treatment.
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formula (6) smeared with an appropriate resolution function. Actually we

G > 5 (GeV/c)2

must not only include a term (6) which describes high M
region but also a low mass contribution

T p > (19 n) + *° =+ neutrals - am® ete.)
where the normal nucleon resonances (1234, 1520, 1688...) are excited. In
the lowest t~bin (fig. 2) this is sufficiently important to render extraction
of triple Rqué term very hard*. However this difficulty disappears

rapidly with t and the fits shown‘figures estimate

N*® / Triple Regge = 1.4, .24, <.02 for -t = .05, .5 and 2.5 respectively.

trajectory up to t % -2.5 (GeV‘/c)2

Figure 5 summarizes the :g and A,

determined in this way. The analysis is so crude that this should be regarded
as a feasability study and not a determination of trajectories on thch we
can lavish theoretical interpretation.

Further progress demands the analysis of the multiphoton (NY >2) events
in the detector. These contain events from reaction (A.2) analysed above
where a fast wo, nT(Eﬂo’n > 80 GeV) and a soft photon (Ea/< éO GeV) enter
detector. Several other interesting reactions also contribute to the multi-
photon event sample - an obvious example is the T exchange process’

T-p > ('fr0 Tl’o) + all neutrals o (A.1L)

where avﬂo pair with total energy >80 GeV hits detector.

*This difficulty will not be present at small -t in full inclusive reaction
Tp > (1°...) + anything.
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The cross~sections in table 1 give one a good feeling as to magnitude
of various components of neutral final state cross-sections. We see from
this table that we have analysed 5.5 b of general triple Regge reaction

T p -~ (X,E_, » 75 GeV) + all neutrals (A.12)

= X
The remaining 4 b is divided between reactions like (A.1l) and fast
ﬂo, N's accompanied by a soft photon ~ the latter being estimated as around
1 ub.
Ahalysis of these events is now in progress using explicit fits of the
140 detector pulse heights to the electromagnetic shower shapes. Rather
preliminary fits give energy resolutions very similar to (A.10). Note

that the actual identification of photons of interest is very easy because

if we select ‘cos s} <¢5, the energies of photons from the

T .1 deédy '
ﬂo,ndecay must be larger than any possible background photons i.e. for the

we get photon decay energies of 60 and 20
extreme caseEno = 80, cos€}= .5, Jex p Y g

and there is at most 20 GeV of energy available for background particles.

All other parameters are even more favourable.
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Table 1:

~2 5

Makeup of 101 GeV/c Cbserved All Neutral Cross-Section

{The all neutral cross-section is not corrected for biases e.g. back scattering.

. . - 0
Further the simple CEX reactions 7 p - (7T ,n..)n are conventionally excluded

from quoted all neutral cross-sections.)

Reaction g (pp)

T p + 7°n 3.3
Tp~> (N +,2X) n 0.3 5.6Pb total CEX
T p > (X $ above) n 2 J
ﬂfp <+ all neutrals (E>75 GeV 9.5 total all neutral

in detector) cross-section 17.5 ¥b
T p + all neutrals (E<75) 8
ﬂfp + 7° + all neutrals

{2 ¥ and E>75 in detector) 5 this is essentially all
- | 2% cross-section
T p -+ n + all neutrals 0.5

(2% + E>75)
T p + all neutrals (>2?( and 4

E>75 in detector
“p + 1 + all neutrals 2

mp

(Triple Regge term, 23/
in detector)
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Figure Captions

4 anything

1) Illustration of triple Regge formalism for either n—p -+ 7
- 0 C
{the: full inclusive reaction) or W p > ¥ + all neutrals. The theory

is detailed in Section II.

2) Energy distribution of 7° from very preliminary analysis of ﬂ_p» - 7

plus all neutrals at 101 GeV/c described in appendix. This figure

corresponds to momentum transfer cut O <-t< .1 (GeV/c)g.
3) As figure 2, but for .4 <~t< .6 (GeV/c)z.
4) As figqure 2, but for 2 <-t< 3 (GeV/c)z.

5) The values of‘trajectory function oLit) determined by fitting (4)
to energy distributions (typified in figures 2 to 4) of ﬂo,n L
ﬂfp + (m°,n) + all neutrals. The 7° data givesj? and n the A2

" trajectory.

6) Comparison of T p + T°

+ all neutral cross-section for E*sz 80 GeVv
and ﬂ’p +:W°n as a function of t at 101 éeV/c. The all neﬁtrai‘data
>0nly has triple Regge contribution (4) and not the low mass resonance
term T v *+ © A%, as is evident from figures 2 to 4 which mark

ratios of these terms, the rescnance contribution is only important

at small -t.

7} Theoretical estimate of T p > ™© + anything at 101 GeV for E“o > 80 Gev
("signal”) and Eﬁd > 65 GeV (trigger) using factorization and
pp * p + anything data described in section III. This is compared with

0

same T ©v + T~ + all neutral curve shown in fig. 6.
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8) Schematic of experimental layout for geometry 1 (detector out of beam)

and geometry 2 (detector in beam) described in section IV.

9) Geometric efficiency for detection of T's and N's in geometries
1 and 2. These values must be multiplied by a half, as in text, for

cut |cosB|<*5 in analysis.

10) PFraction of Energy in photon shower plotted against distance of

detector finger from shower centre.

11) Theoretical x dependence smeared with current ﬁoenergy resolution.

Plotted is W p > 1 + all neutral expectation with various values

of O(g(t) .
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