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ABSTRACT

A review of the present instrumental measurement capabilities of
the FNAL 30-inch bubble chamber-wide gap spark chamber hybrid system is
presented. Numerous examples of physics coming from the system are given.
A request is made for 700K pictures, including 300K pictures of protons on
hydrogen at 300 GeV/c, 100K pictures of n~ on hydrogen at 100 GeV/c and
300K pictures of =~ on hydrogen at 375 GeV/c. Based on previous triggering
rates which are characteristic of the hybrid system, only -560K actual beam

pulses need be photographed.
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I. INTRODUCTION

In 1971, the ANL, FNAL, ISU, Maryland and MSU groups were approved
to build a hybrid bubble chamber-spark chamber system uti1izing the 30-inch
bubble chamber at FNAL. Approval was given for 250K pictures {100K prétons
at 200 GeV/c, 100K protons at 300.GeV/c, and 50K n~ at 100 GeV/c) to be
taken by these groups and 200K pictures (120K n~ at 200 GeV/c and 80K o at
100 GeV/c) to be taken by groups from Duke, Notre Dame and Toronto (r~) and
Purdue, Wisconsin (x*). These ten groups constitute the present E-2B
collaboration. The downstream facility was completely tested and installed
behind the bubble chamber in May 1972, according to the agreement with FNAL,
Picture taking for approved "bare" experiments began in July 1972, and, as
approved by FNAL, Experiment 2B began 1ts running, primarily of a prelimi-
nary testing néture at first, behind the sequence of "bare" experiments.

Valuable experience was gained in terms of learning how to opti-
mize spark chamber conditions and triggering schemes. However, during
this period, only the spark chamber photographs were available, which some-
what 1imited our ability to truly optimize the entire system. By the fall
of 1972, reasonably reliable operating conditions were realized and a short
run of 10K proton pictures at 200 GeV/c was taken in November-December 1972.

The immediate availability of these correlated bubble chamber and
spark chamber pictures was of immense value and permitted a full scale
attack on the problems of spark chamber track reconstruction and track
hookup with bubble chamber tracks. For the first six months of 1973, full
attention was given to these tasks, as well as cont1nu1ng to run in a para-

sitic mode behind "bare" experiments. The additional opportunity to run
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the system under actual run conditions again proved valuable in terms of
perfecting the use of the downstream equipment. As the program of "bare"
experiments approached completion, the remaining approved running for E-2B
(440K pictures) was completed in the period from November 1973 to April 1974,

In addition to the downstream apparatus, the E-2B group supplied a
fast beam kicker (Duke) for the N-3 beamline, carried on studies of the
cerenkov counter system (Purdue, Wisconsin) and completed a precision map
of the bubble chamber magnetic field (Notre Dame-Toronto). Each of these
contributions has had an important impact on the overall "bare" and hybrid
30-inch program.

According to the terms of the agreement between FNAL and E-2B, many
of the bubble chamber photographs taken by the "bare" experiments have re-
verted to the E-2B collaboration. At this time, these include: 50K from
E-125 (v~-p @ 100 GeV/c); 50K from E-137 (»~p @ 200 GeV/c); 50K from E-37A
(p-p @ 300 GeV/C) and 50K from E-121A (x*-p @ 100 GeV/c). An additional
50K pictures from E-143A (n--p @ 280 GeV/c) are anticipated this fall.

Some of these photographs, particularly those taken in the early part of the
30-inch “"bare" program, are of limited value since operating conditions of
the downstream system were being tested and varied at that time.

Since the completion of the approved E-28 running, the downstream
system has been utilized as a "facility" by several other groups. In all,
300K pictures have been run or are in progress at this time in this mode,
including 50K for E-161 (p-p and Ne @ 300 GeV/c), 50K for E-163A (x -p and
Ne @ 200 GeV/c), 100K for E-209 (p-D @ 300 GeV/c), and 100K for E-280
(p-D @ 200 GeV/c).
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It is our opinion that the data taken to the present demonstrate
that the hybrid system is an extremely valuable instrument and, in fact,
in many ways render the "bare" chamber somewhat obsolete. 1In the following
discussion we present a cérefuT study of the hybrid system's properties,
including resolution, triggering versatility and uniqueness in the detection

of}gamma rays.

11. WIDE GAP HYBRID SYSTEM

The physical layout of the E-2B hybrid system is shown in Figure 1.
In this configuration the 30-inch bubble chamber is used as a detector of
the event vertex and for measuring the momentum and angles of low momentum
charged tracks { < 15'GeV/c) and the wide-gap optical spark chambers are
used to measure the momentum and angles of forward, high momentum secondary
charged tracks and the numbers and angles of forward gamma-rays. |

The downstream apparatus consists of four dual wide-gap (8 inches)
optical spark chambers each with an active area of 30 x 40 inches (horizontal
x vertical). The chambers are approximately one meter apart and the most
upstream chamber {is approximately four meters from the center of the bubble
chamber, \Each of the four chambers 1s fired by a ten-stage Marx generator
producing typically a 280 KV pulse with a width of 60 nanoseconds. With
such a pulse as 1nput and chamber termination of 100-150 ohms, track widths
of 2-3 millimeters in space are achieved. In Figures 2 and 3 we show a
plot of track width in space versus delay from coincidence and track width
in space versus Marx voltage respectively. Although the indicated voltage
and termination conditions, as well as film, are not those 1n use currently,
the tfend and scale of the data in Figure 2 are typical of current condi-
tions, namely a chamber 11fe-time of -5 microseconds. Simitarly, Figure 3

shows the sensitivity of track width versus Marx voltage for single tracks.
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For multitrack events of interest at FNAL, 28 KV per stage typically pro-
duces 3 mm tracks.

In Figure 4 we show a plot of the single gap eificiency, defined as
the ratio of the number of times the first or second gap fires less the
number of times the first gap does not fire but the second gap does, divided
by the number of times the first or second gap fires, versus the observed
track multiplicity, averaged over the four chambers, The efficiencies are
quite high ( > 97%) and only weakly dependent on multiplicity.

The chambers and optical recording system can be multipulsed
easily with a cycle time of 250 milliseconds. The spark chambers have been
successfully quadruple fired under actual run conditions for several hundred
thousand pulses separated by 250 mi11iseconds, with beam pulses down to 40
microseconds in length. The system is therefore capable of collecting large
amounts of data in conjunction with multipulse operations of‘the 30-inch
bubble chamber. It is further possible to fire the chambers in pairs to
photograph two triggers during each beam pulse.

Photography 1s done with two 35 millimeter F11ght‘Research cameras
using Kodak 50121 film with a new anti-halation base. Each frame contains
three views of the tracks: (1) a direct view, (2) a 90-degree mirror view
and (3) a 10-degree mirror view. The direct and 10-degree views are photo-
graphed at f/11 with a demagnifitation of ~50 and the 90-degree views are
photographed at f/8 with a demagnification of ~60. Comparing reconstruc-
tions using the three view-pairs removes ambiguities one normally gets
from simple two-view reconstruction.

The trigger for the spark chambers 1s also shown in Figure 1. A
trigger is generated i1f an incoming beam traﬁk elther produces two or more

forward secondary tracks as detected in a set of three dE/dx counters or
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is deflected from a normal beam trajectory as detected by two sets of aligned
counters, one upstream and one downstream of the bubble chamber. The dE/dx
counters are each 8 x 14 x 1/16 1inches and are viewed at two ends by RCA
8575 photomultiplier tubes. Each of the three counters is required to pro-
duce a signal larger than the minimum signal produced by the simultaneous
passage of two minimum-ionizing particles. The upstream and downstream
counters divide the beam into five 5 mm and 6.5 mm horizontal slices res-
pectively (Figure 1 indicates only three of the five counters), the differ-
ence in size being such as to compensate for beam divergence and multiple
scattering. These dimensions give a lower momentum tranfer squared cut-off
of ~0.02 Gev2/c?, enabling us to trigger on a large fraction of low multi-
plicity (2-prong) elastic and inelastic events with a low momentum target
recoil particle. Logic is used to determine whether a given particle
stays in the appropriate slice. If not, a trigger is generated. The two
triggering systems complement each other in two respects: (1) the dE/dx
trigger efficiency increases with increasing beam momentum, whereas the
beam deflection trigger efficiency falls somewhat with increasing beam
momentum; (2) the dE/dx trigger has high efficiency for high multiplicity
events, whereas the beam deflection trigger has high efficiency for low
multiplicity events (particularly elastic and quasi-elastic two-prong
events). Typical efficliencies, assuming an OR combination of the dE/dx
and deflection signals, exceed 95%.

A typical event is shown in Figure 5. The bubble chamber view
shows two slow tracks and six forward tracks which are detected and photo-
graphed in the spark chambers. Only the upstream chambers are shown 1in

the figure. Immediately adjacent to and on each side of the data box one
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sees the direct view of the two upstream chambers, with the 10-degree view
overlald {short track segments). The 90-degree view of the two upstream
chambers is farthest from the data box. As can be seen, each camera-based
optical system has many fiducials. Survey measurements give the relative
coordinates of the fiducials i1n space. Subsequent film measurements and
fits to the fiducials give spatfal X-Y R.M.S. deviations of ~150 microns
in the direct views and 400 microns in the 90-degree views.

The bubble chamber magnet deflects particles vertically and the
direct views record this deflection. For a 200 GeV/c track the deflection
from the center of the bubble chamber to the center of the first two spark
chambers is 19 mil1imeters with the bubble chamber central magnetic field
set at 30 Kg.

The software system for the Experiment 2B FNAL hybrid spectrometer
has three basic components: (1) reconstruction in the bubble chamber;

(2) reconstruction in the spark chambers, and (3) the track hookup between
the two detectors. Reconstruction in the bubble chamber is done with the
standard program TVGP.

In Figure 6 we show a block diagram of the logic flow 1nkthe spark
chamber reconstruction program. The film plane measurements are first
transformed to the ideal film plane in much the same way that TVGP does
for the bubble chamber. Then each direct view track is paired with the
90-degree mirror view tracks and each resulting view-pair reconstruction
is rejected unless there is a corresponding 10-degree mirror view track
image. This procedure is continued until all tracks have been reconstructed
without ambiguities. Figures 7 and B show point scatter (FRMS) distribu-
tions in space for a sample of beam tracks. The direct views (FigureA7)

measure the momentum determining coordinate (y) and the indirect views
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(Figure 8) measure the equivalent of the bubble chamber depth (z) coordi-
nate. Since each dual gap spark chamber has a separate 90-degree mirror
view, this process is repeated four times and the four resulting track
segments are subjected to a least squares fit to obtain a best determina-
tion of the physicél quantities of interest for each track. These quanti-
ties are: (1) two angles corresponding to azimuth (¢) and the dip (1) in
the usual bubble chamber terminology, and (2) two transverse beam-coordi-
nates (y,z), all calculated at a fixed value of x, the coordinate along the
beam direction.

Pursuant to the hookup with the bubble chamber, the track coordi-
nates and angles are then transformed to the bubble chamber coordinate
system. The matrix used to carry out this transformation is obtained from
a sample of magnet off, straight-through tracks. Figure 9 shows, for
example, the distribution of the difference between ihe y coordinate of
the last point measured on the track in the bubble chamber and the y
coordinate of the spark chamber track extended back to the bubble chamber.
The width of this distribution (+1 mm) results from the propagation of
bubble chamber and spark chamber errors, and possibly other effects such
as fluid motion, magnetic field uncertainties, etc.

The track hookup program now combines the bubble chamber and
spark chamber results. Figure 10 shows a block diagram of the logic flow
of this program. Each bubble chamber track with angles and momentum
approximately consistent with the spark chamber acceptance is propagated
to the no field region using a Runge-Kutta stepping method, then drifted
to the point x, at which the spark chamber coordinates and anglgs are
known. At this point, one of two options is elected: (1) 1f there is no
track candidate in the region of acceptability the tréck 1s completed with




-8-

only the bubble chamber information for it; or (é) if there is a track can-
didate, then the program proceeds to iterate angles and momentum repeating
the bend-drift unti1 a best fit {s obtained.

We have measured forward tracks with the spark chamber-bubble
chamber hybrid system having momenta between 15 GeV/c and 300 GeV/c. The
momentum distribution for a sample of 200 GeV/c beam tracks 1s shown in
Figure 11. We note that the FWHM of the distribution 1s 25 GeV/c, consi-
derably smaller than the ~90 GeV/c value obtained with the bubble chamber
data alone in the same film. We show similar results in Figure 12 for
300 GeV/c beam tracks. These results are consistent with the fact that
the percentage error on momentum scales as the momentum.

In Figure 13 we show a +Ap/p vs. p scatterplot for a sample of
secondary tracks as measured in the bubble chamber alone and as measured in
the combined hybrid system. The pull-quantities on the four variables
(¢» A, ¥, 2) used in the hook-up are normal (t unit half-width) and hence
we believe our error estimations have been realistic and quoted errors are
accurate. The straight 1ine indicates our orig1nél estimated expectations
for the system, with a fdrm‘

+ ég.(%) = 0.07 p (GeV/c) (1)
Our results indicate a more realistic representation of the form

+ Q%-(%) = 0.04 p (GeV/c) (2)
At all values of moméntum the accuracy of the hybrid system is vastly
superfor to that of the bubble chamber alone.
The hybrid system has proven itself to be a highly efficient detec-
tor of gamma-rays. This has been achieved by inserting 2.27 radiation

lengths of lead between the last two spark chambers. Up to as many as ten
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gamma-ray showers have been successfully and unambiguously identified and
measured in spark chamber #4. This technique adds a new dimension to the
study of gamma-ray production in high energy bubble chumber experiments
with the addition of an efficient gamma converter to a pure hydrogen target
system, In Figures 14 and 15 we show two examples of shower production
indicating one and five showers respectively. Because of the relatively
high yleld of gamma-rays in collision processes at FNAL energies (typically
six per event), the wide-gap spark chambers with their inherent high multi-
track efficiency are 1deally suited to this problem.

ITITI. PHYSICS
| In this section we discuss several physics problems which 1llustrate

tHe power of the hybrid system. In each instance, the detection of gamma-
rays and/or improved momentum resolution on charged tracks 1s involved in
a special way. Because we are requesting further proton and =~ running,
the topics have been kept to these areas.

Before turning to specific physics discussion, we 1ist in Table 1
the progress to date on scanning and measuring of bubb 2 and spark chamber

photographs from the proton and »~ exposures of E-2B.

Table 1. Scanning and Measuring Progress

Particle Momentum Exposure #BC Pictures #BC Events #SC Pictures

Scanned Measured Measured
p 200 GeV/c 100 K 82 K 14 K 9 K
p 300 100 78 12 8
" 100 50 48 | 5 4
" 200 120 82 9 1

370 K 290 K 40 K 32 K
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Unless specifically indicated, the data presented in this section
are based on event samples with good spark chamber triggers and hooked-up
tracks. We note that 50% of all visible interactions in hydrogen have good
triggers. Since the beam burst is ~100 usec long and the minimum recharging
time of the system is ~250 msec, 1t is possible for beam interactions in
the bubble chamber windows, which occur before the desired interaction in
hydrogen, to trigger the system and leave the high voltage systems incapable
of being triggered on a subsequent interaction. The trjggered hydrogen
events are easily identified, by (1) requiring spatial and time coin¢1dence
of the upstream PWC beam trajectory with the beam track which triggered the
system or (2) requiring good hook-ups on bubble chamber tracks in the spark
chambers. By grouping the four spark chambers into independent sets (for
example, two groups of (1) spark chambers #1, 3, 4 and (2) spark chamber
#2) we can trigger on two events per beam burst, in which case the hydrogen
signal 1s enriched to 60% of all visible interactions. This mode of trig-
gering has been tested and used in the past, although for only a small por-
tion of the E-2B runs. In either case, as stated previously the system can
cycle with the multi-pulse mode of bubble chamber operation, provided the
time between beam bursts does not fall significantly below 250 msec.

Finally, we note th;t our triggered system permits substantial
savings of bubble chamber film and development costs. Based on past per-
formance with ~6 beam tracks, ~20% of the beam bursts have not yielded
triggers, corresponding to instances where no event occurs, etther in the
hydrogen or adjacent materials. For these cases, the bubble chamber flash

can be inhibited.
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1. Exclusive Channel Analyses

(a) Introduction
A summary of the existing data on the exclusive four and six body
four-constraint final states in pp and ="p interactions at incident momenta

12 41 Table 1 and Figure 16. Two of the more

above 20 GeV/c 1s shown
interesting aspects of these data are (a) whether the four {and six) body
final states are entirely diffractively produced, in which case one might
expect that the cross sections should show 1ittle or no energy dependence,
and (b} how big 15 the contribution to these exclusive final states from
the Doubie Pomeron exchange process (see Figure 17)? Table 1 shows that,
at present, there is no information on the six body final state and only
preliminary answers can be given regarding the four body reactions. This
is partly a result of the low level of statistics in the bare bubble cham-
ber experiments but, more importantly, the accuracy attained on high momen-
tum tracks in the bare chamber experiments results in large systematic
errors in the estimation of background contamination in these samples due
to final scates with one or more neutral particies. In this proposed
experiment we expect to overcome both of these difficulties.

In Figures 18-20 we show some preliminary results based on the

200, 300 GeV/c pp data and the 100 GeV/c »"p data. The following specific

reactions have been considered:

pp -+ pp (3)
PP (4)
pp =+ pprtn” (5)
7=p + r-pntn- (6)
pp » pprtante” (7)

and ap > nopaterata (8)
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Table 1. Summary of Existing Data on Exclusive Four and Six Body

Four~Constraint Final States

Beam

205 GeV/c pp
100 GeV/c »7p
205 GeV/c n7p

5.52 GeV/c pp
10. GeV/c pp
19. GeV/c pp
28.5 GeV/c pp

3.9 GeV/crw7p
5.48 GeV/c "
5.97 GeV/c ¥
6.00 GeV/c "
7.00 GeV/c "
10.00 GeV/c "
11.00 GeV/c "
16.00 GeV/c "

Final State Events

ppr ' 191
w‘pﬁ+n' 101
Tr'pn+1r‘ 128
pprte-nta=

1}

t
n'pn+n'w+w“

]

{ub) Double Pomeron (events)
(upper 1imit)
(ub)

6804140 44415 9
590+70 40420 ; 8
530465 £ 50

(630+61)

227+23

460:40

4004200

380 (no error given)

11511
210£20
250£20
220420
260+30
42050
290+30
250+20
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Figures 18(a) and 18(c) show the resulting missing mass squared (MHZ) for
two-prong events which fit the reaction (3) when no use of the downstream
system has been employed. When we use the data resuiting from the fast
track which hooks up in both spark chamber and bubble chamber (shaded
events) we obtain Figures 18(b) and 18{(d). Similar data for reaction (4)
are shown in Figures 20(a) and 20{b). The increased resolution is appa-
rent and, furthermore, the background visible, particularly in Figures
18(a) and 18(c),.has been considerably reduced. For the events fitting
the elastic channel (3), we have also examined whether there are y-rays
detected 1n the fourth spark chamber following the 2.27 radiation lengths -
of lead. We find that 7.2 + 1.4% of the events have at least one photon
shower, presumably generated by the interaction of the fast forward proton
in the downstream bubble chamber windows. An independent analysis of
triggers on single beam tracks predicts this rate should be 6.8 + 0.9%.
Hence, we conclude that the percentage of inelastic background in the
elastic sample 1s = (0.4 + 1.7%) x 1.6 = 0.6 + 2.7%, where the factor of
1.6 corrects for gamma-ray acceptance. Presumably background in reaction
(4) 1s somewhat less. ,

Figure 19 shows similar distributions for reactions (5) and (7).
In each case, as expected, the distributions using information from the
downstream system show better resolution and lower background levels than
the corresponding bare chamber measurements. In these distributions, we
have required that the resulting kinematic fit be consistent with the ob-
served ionization for the slow particles in the bubble chamber and that
the Feynman x variable (x = ZPE/JE) for the »* in reactions (5) and (7)
be x £ 0.6, as was found to be necessary in a previous 205 GeV/c pp expe-

3

riment, After applying these criteria, we find that the x disiributions
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for p, a* and »” (shown 1n Figures 21 and 22) each show the required sym-
metry of the pp center~of-mass system, thus indicating no cbvious biases
in these samples. Similar M2 plots are shown for the 100 GeV/c »"p data
in Figures 20c-f. The shaded events in Figures 19, d, f, h and 20d, f,
are those which have either all, or a significant fraction, of the forward
hemisphere tracks which hook up.

For the elastic samples, we have considered the resultant apparent
resolution in MMZ. Referring to the detalled plots of Figures 18(b), 18(d)
and 20(b) (see inserts) we note that our estimated half-widths of the MMZ
distributions scale approximately as p(beam), according to the relation
A(MMZ) ~ +0.06 E&%%%ml expressed in GeVZ units. Because the numerical
coefficient in this formula is not small compared to Mﬂz = 0.02 GeVZ, kine-
matics alone cannot be used to rule out some small inelastic contamination
in the elastic samples. As discussed previously, our gamma-ray data tell
us that the contamination is (0.6 + 2.7)%.

We have attempted to use gamma-ray data to estimate backgrounds
jn our samples of events for reaction (5), in a fashion similar to that
used for reaction (3). This 1s somewhat more difficult, since there is
more background in the gamma-ray data due to the presence of several
charged particles in the vicinity of the downstream windows. Scaling the
=% interaction rate down from protons (6.8 + '0.9%) by the ratio of total
cross sections to (4.3 + 0.5%), we find a positive excess of gamma-ray
events over calculated background to be < 11%. Because of the conserva-
tive assumptions made to get this estimate, we quote an upper limit.

This 1s to be compared with the estimated background of *20% for the
"bare" 200 GeV/c exper1ment.3



(b) Physics Discussion

In this section we discuss in more detail some of the physics to be
investigated using the four-constraint events that we expect to obtain.

(1) Four-prong events: As indicated above, the most interesting aspects

in the four-body final states are the investigation of the Double
Pomeron (DP) exchange process and the question of the amount of dif-
fraction in these final states. The bare chamber experiments have
set upper 1imits of ~40 ub to the DP contribution to reactions (5) and
(6). With this proposed experiment, we would Tike to investigate this
topic with 1 eveng/nb, i.e., we would have 10 + 3 events 1f the DP
contribution were to be as small as 10 ub.

An interesting study that requires a clean sample of the events is
the analysis of diffraction in the four-body final states. Figure 16
shows the four-body cross sections as a function of laboratory momentum.
There is an indication that these cross sections are becoming indepen-
dent of energy as might be expected for a diffractively produced final
state. The present errors (-15%) are dominéted by background contami-
nation uncertainties. A measurement at 300 GeV/c with 5% errors would
certainly be most useful.

From studies of the effective mass and rapidity distributions in

1-3 that ~(90 + 10)% of the four-

these final states, it is concluded
body final states is consistent with either proton or pion diffraction
excitation. Are the remaining 10% events non-diffractive {including
DP) or are they due to the contamination from final states with one or
more neutral particles? In the proposed experiment we would hope to

be able to answer this question at = 5% level.
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Bare chamber studies of reaction (6) have indicated that pion and
proton dissociation seem to contribute equally to this final state.
However, the pion diffraction contribution, resulting in fast charged
particles in the laboratory system, is the most difficult to extract
reliably in the kinematic fitting procedure. We therefore expect
that the pion dissociation sample be the one most 1ikely to be improved
significantly by the use of the hybrid system.

Other topics which will be studied in detail include:

(1) We expect to be able to study the two and three-body effective
mass distributions and possibly to isolate various quasi-two body
processes such as pp ~ N**(1680)p and »~p +~ A1"p. Comparison of
these cross sections and mass distributions with similar ones
found at lower energies could be most 11luminating.

‘(2) Having a large sample of the four-body final state produced in
pp and ="p interactions at a similar energy will permit the
study of factorization in a specific exclusive reaction (e.g.,
quasi-two body) as well as in an inclusive reaction. In parti-
cular, one will be able to study Pomeron factorizability if the
reactions (5) and (6) are indeed dominated by diffractively
produced three-body systems. Bare chamber data indicate factori-
zation 1is good to +£30%.

(3) We will be able to investigate the contribution of the four-body
state to (a) inclusive low mass diffraction studies,

(b) single particle distributions, inclusively and
semi-inclusively,

(c) two particle semi-inclusive correlation data R?Z,
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(d) the possible leading particle effect in n=p » 5=+ X

{e) Inclusive att production and o° production.

(11) Six-prong events: Very 1ittle data presently exist4 on the six-body

4c final states reactions (7) and (8), as seen in Table 1, so 1t is

hard to predict what these channels will yield. Much of the analysis

possible on the four-body final state can also be duplicated on the

six-body. These are, however, the following topics specific to the

latter:

(1) With the avatlability of increased resolution on invariant mass

(2)

(3)

combinations of the forward hemisphere, we expect to be able to

look for double diffraction dissociation e.g.:

pp = N4 N

**P?T+1T-
+ - (9)
+> P n
or sp + ATN*
s e (10)
-+ -
+ o

and compare the observed cross sections with those expected

on the basis of Pomeron factorization.

We will study the ratio of double to single dissociation and
again measure how much (ali?) of the 6-prong 4c final state is
diffractively produced and the ratio of » and p dissociation.
Double Pomeron exchange is likely to occur in two forms in the
six-prong final states, as shown in Figure (17b). The first
diagrams in Figure {17b) should be related by Pomeron factori-

zation.
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(4) Is there evidence for double a** production?
(5) Bare chamber studies have shown® that by studying the pro-

perties of inclusive n~ production recoiling off a slow

proton ,n; -

Pb

X

P P
T slow

in the overall C.M. of the R-pb system one finds that the shape

of the n~ invariant differential cross section is very similar

to that observed in yp » =~ + anything when the CMS energies

of the vp and R--pb system are similar. It would be very interest-

ing to continue these studies by examining the contribution to
this process from the exclusive reactions {5) and (7). 1n par-
ticular, with the increased accuracy on the fast proton in

reactions (5) and {7) 1t will be of interest to study the pro-

perties of the X system in the process:
pfast

Pb .
X

PT ps10w

in order to look for diffraction of the exchanged particle R.
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(111) Summary of Exclusive channel Analysis:

Much of the interest 1n'the exclusive channels lies 1n investiga-
ting the diffractive properties of these final states and 1n measu-
ring their contribution to the various inclusive distributions that
have become fairly well known from previous experiments at FNAL or
ISR. Furthermore, the study of double Pomeron exchange 1s of great

interest at the present time.

2. Study of Diffractive Dissociation into Multi-Neutral Systems

While elastic scattering has now been well studied at 1nc1dent’
beam momenta above 50 GeV/c, for the studies of diffraction, inclusive
single particle distributions and multiparticle correlations it is important
to be able to study the inelastic two-prong events on an event-by-event
basis. This requires a reliable separation of the elastic and inelastic
samples. In the bare chamber pp experiments at 100, 200, and 400 GeV/c
this separation in the two-prong samples has presented problems. For
example, at 205 GeV/c, the quoted uncertainty6 in the inelastic sampie for
sz S 10 GeVe is (36+5)%. Such an uncertainty must be taken seriously,
since the inelastic two-prong events form a substantial fraction of the
total inelastic diffractive cross section. In Figures 18 and 20(a,b) we
have shown that a very much improved separation of elastic events is pos-
sible by incorporating information from the downstream system. With such
a system, errors which dominate the bare chamber analyses should be re-
duced enough to permit a detailed study of the cross section and diffrac-
tive component of the inelastic two-prong final states.

In Figure 23 we show the measured differential cross sections for
elastic and inelastic two-prong events. For purposes of comparison, both

the "bare" and complete hybrid data are shown. It should be noted that
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the loss of events for -t < 0;05 (GeV/c)2 is expected on the basis of the
geometry of the five deflection counter triggering system. With the re-
cently installed new five counters (which are swmaller counters than used
for the present data) we estimate that the lower bound or -t should be
-0.02 (GeV/c)?.

In Figure 24 we have plotted the sz distribution for the combined
inelastic two-prong samples at 200 and 300 GeV/c for events which have a
slow proton (<1.5 GeV/c). We have also completed a scan for y-rays asso-
ciated with these events and they are shown as the shaded area in Fig. 24.
We find that 43% of the inelastic two-prongs with sz < 40 GeVZ have one
or more y showers. The v-ray data may be used to estimate elastic conta-
mination in this sample. In the region of sz =~ .88 Gevz (one‘proton mass
squared) where elastic contamination would be expected to be most pronounced,
we observe that after correcting for y-ray acceptance 69% of the events
have associated y-rays. The background due to window interactions is 6.8%,
leaving 62% to be identified with multi-v° production. Arguments developed
in the next section of this proposal show that the pnu+ final state 1is
~19% of the total inelastic two-prong cross section. We estimate that the
nns Tt final state represents another -10%, thus the anticipated multi-=°
contribution to the inelastic two-prongs is ~71%. It then follows that
the elastic contamination in the inelastic two-prong sample, after full
utilization of the hybrid data, 1s ~9%, substantially improved over the
estimated 36 + 5% for the "bare" experiment at 205 GeV/cG.

Since the primary motivation of this high statistics, increased
accuracy bubble chamber-spark chamber experiment is to investigate the

various components that build up the inclusive distributions which Ha#e
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been studied in the bare chamber experiments, the study of a clear sample
of two-prong inelastic events will have important consequences on the
following topics:

1. Improved inelastic charged multiplicity distribution and the
resulting moments derived from the distribution;

2. The study of the magnitude and shape of the diffractive compo-
nent and the multiplicity dependence thereof;

3. It is particularly important to remove elastic events when
studying a possible leading particle effect in the inclusive
reaction #"p + =~ + (p + neutrals). This will be discussed in
more detail later;

4, In order to study distributions semi-inclusively, i.e., for
fixed number of charged final state particles, a large sample
of inelastic two-prongs would be most useful, e.g., two-particle
correlation function RTZ (15 ¥2).

With the proposed experiment we would 1ike to continue our studies
of »° production in the low mass diffractive component. Bare chamber experi-
ments have shown? that there appears to be a strong correlation between the
average number of n°'s, <n°>, and the number of charged particles, Ne» for
inclusive »° production. In a recent study5 in the "bare" chamber, shown
in Figure 25, the values of <w®> vs n. have been separated for those events
which can be considered diffractive, {.e., the sz recoiling off a slow
proton should be less than 25 Gevz, and the remaining, i.e., non-diffractive,
sample. One observes that a much weaker correlation (perhaps none?) is
found for each component. In the hydrogen bubble chamber the average coh-

version efficiency per y-ray is less than 2%. As a preliminary study of
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the y-rays that convert in the downstream Pb plate, we show Figure 26
which presgnts the rapidity distributions for y-rays associated with dif-
ferent numbers of charged particles. The shaded events correspond to a
sample of beam dissociation interactions. It is clear that, with those
events and with the distributions based on the sz recoiling from a fast
proton, we will be able to make a much more detailed examination of °
production in the diffractive and non-diffractive components than has been

possible in the bare chamber.

3. Study of Single Pion Production

As a final project, we hope to be able to i1solate an enriched sam-

ple of one constraint events, e.g., pp + pnﬁ+ (11)
pp » ppn°® (12)
nTp > mepn°, (13)

Preliminary data’ from the ISR show that the cross section for reaction
(11) at 1500 GeV 1s 270 + BO ub and appears to continue to fall with the
same energy dependence (p]ab"q) as the cross sections at energies below
30 GeV/c. This would appear to be somewhat surprisiny since one would
expect a large fraction of reaction (11) is due to diffractive production
of N;/z states (see for example, the corresponding discussion of the four-
body final state reactions (5) and (6), which are almost entirely diffrac-

tively produced at FNAL energies).

Assuming the aforementioned energy dependence, we would anticipate
observing a cross section for reaction (11) of ~550 ub at 200 GeV/c. This
represents 19% of the total inelastic two-prong section (2.85 mb).
Assuming diffraction dominance (N;/z production), we would correspondingly

expect a cross section for reaction (12) which is one-half that for (11),
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‘or ~275 ub. Hence, -28% of the total inelastic two-prong cross section
would be one-constraint final states.

The aforementioned results (see Section 1{(a)) on A(MMZ) (for elas~
tic events) imply simple one-constraint fitting may be difficult, particu-
larly at the highest FNAL energies. However, by making cuts on the number
of observed gamma-rays and ionization we can enrich the sample before fitting.
For reaction (12) we estimate the ratio of signal to all events will go from
9% to .24% after removing events with three or more gamma-rays and selecting
events with slow protons. For reaction (11) the enrichment is -~27%, up
from 19% after eliminating events with one or more gamma-rays. In each
case, ~7/% of the signal will be lost in the gamma-ray cuts due to interac-
tions of the fast, forward track in the bubble chamber windows. Similar

arguments can be made for the ~ induced reaction (13).

4. Long Range Correlations and the Nature of
the Pomeranchuk Singularity

One of the major advantages of the hybrid system is that rather
accurate measurements of momenta and angles of particles in the forward
energetic cone can be made for the same event in which accurate measurements
of the slow particles in the bubble chamber are also available. This allows
detailed correlation studies to be made between particles that are separated
by large rapidity gaps in events of arbitrary multiplicity. This capability
can be applied to examine the nature of the Pomeranchuk singularity as des-

cribed below.

Several years ago, Freedman, Jones, Low and Young® proposed the
measurement of reactions of the type P+ Pp+ay tqy* anything at high
energy in the region in which the produced particles q; and 4, can be



-24-

regarded as "fragments" of the incident particles py and Pos respectively.
They pointed out that the dependence of the cross section on the angle
between transverse parts of the vectors 5] and 32 wouid indicate that the
Pomeranchuk singularity contains Regge-cut contributions, since a pure
pole would imply independence in the variable cos ¢ = alL . aZL‘ This
measurement is particularly interesting provided one can isolate two secon-
dary particles 31 and Ez in the fragmentation region of Py and P, from
average or high multiplicity (n) events in which the invariant mass formed
from the (n-2) particles, other than % and dps is large. This can be
done in the high energy pp and »”p exposures proposed here in the following
way. For pp events at 300 GeV/c one se1écts for 51 positive tracks meas-
ured with the downstream spark chambers to have large x 2 +0.5 . {p 2 ;90.
This sample will predominantly consist of protons from fragmentation of
the incident particle. In the<same event one searches for an identified
proton in the bubble chamber (pp $ 1 GeV/c). Such a proton will be a
fragmentation partic]e‘ from the target proton. From this sample one then
studies the 4 corre1atfen for various subsets of the data making cuts on
t1» t, and xq, x,. In »7p collisions the forward energetic track with

x 2 0.5 is required to be negative, while the slow track in the bubble
chamber is sti11 taken to be an identified proton. Without the downstream
apparatus one cannot measure qq accurately enough to obtain a re]ative?y
pure “fragmentation" sample.

5. Inclusive and Semi-Inclusive Charged-Charged Rapidity
Correlations in 200 GeV/c n-p Interactions

The existence of strong positive inclusive correlatfons in 200 GeV/c

n p interactions has been clearly established? by members of the E-2B
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collaboration. Fig. 27 shows contour plots of R(y1,y2) for charged-charged,
w17y wn’, and n7nt pairs. The rapidity density function R(y1,y,) is

defined as
R = 012/9102 - ]: (14)
where o = (do/dy)/oine] | (15)
2
and p =, 99 /o 16
12 (G dyz)/ thel (16)

In addition to strong positive correlations in the central region, compara-
ble in magnitude to those in pp interactions at the same energy, the data
suggest positive correlations in regions where one or both of the particles
has a large c.m, rapidity. Plots of n~2d%/dy,dy, shown in Fig. 28 also
suggest possible enhancements involving particles with large c.m. rapidity.
Preliminary studies of semi-inclusive correlations (based on samples
selected by charged prong number) suggest that large positive correlations
are not present for all topologies or all charge combinations. The impor-
tance of diffractive contributions in determining the inclusive and semi-
inclusive correlations has been suggested.

The lack of forward-backward symmetry in « p interactions is
clearly shown in Fig. 27. This inherent lack of symmetry may allow more
information in the region of large positive y and to study the details of
pion beam diffraction, accurate measurements of vector momenta for the
fast forward particles are essential. Monte Carlo studies of 200 GeV/c »~p
interactions indicate ay = 0.2 for plons at Yem = 18 from hybrid meas-
urements, as compared to ay > 0.8 from bubble-chamber measurements alone.
Information on fast forward gamma-rays, available from the hybrid system as
described in later sections of this proposal, can also help in the study of

charged-neutral correlations.
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6. Gamma-Gamma and Gamma-Charged Particle Mueller Correlation
Parameters for 200 and 300 GeV/c Proton-Proton Interactions

Recent experiments at the CERN/ISR, FNAL and Serpukhov have revealed
the existence of strong correlations between pions produced in proton-proton
collisions at high energies. Dao and Whitmore have discussed these effects
in a review article.!0 Among those effects considered are: (1) <n o> may
be parameterized in the form an_+8, where n_ is the number of negative pions
and o = 0.6 at FNAL energies and higher energies; and (2) values of the
Mueller correlation parameter.

<n{n-1)> - <> for Ny =Ny =n

f, = (17)

<MNy> = <ny> <hy> for ny £ n,
are relatively large, positive and ordered according to f2c°>f2+'>f2‘°>f2'“
One {mplication of the second observation is that neutral charged pairs of
pions are more strongly correlated than singly or‘doub1y charged pairs.
Dao and Whitmore have studied the fz parameter in terms of a simple frag-
112,

mentation mode'ln and a critical fluid mode Their analysis shows that

the presently available data agree fairly well with the critical fluid
model in its predicted energy dependence {(zns)3/2}, whereas the fragmen-
tation model gives a stronger energy dependence (51/2) than aljdwed by the
data. Furthermore, f,°° is predicted to be equal to f2+' for the fragmen-
tation model and f,"0 for the critical fluid model. At 200 GeV/c, the
measured values of f2+- and f»~% are 3.64 + 0.09 and 1.84 + 0.61 respec-
tively>. At 300 GeV/c, their values are 4.89 + 0.23 and 3.25 + 1.3 res-
pectivelys. A measurement at 69 GeV/c in the Serpukhov hydrogen bubble
chamber Mirabelle gave f2°° = -2,0 + 1.0, substantially below the predic-

13, Hence, a new measurement of f2°°

tions of either model at that energy
and a more precise measurement of >~ at FNAL energies would clearly
lend themselves to a better understanding of the mechanisms responsible

for multiparticle production at high energies.
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We have recently completed a preliminary analysis of -30,000
bubble chamber photographs taken as part of the 200,000 photographs expo-
sure of protons at 200 and 300 GeV/c. Gamma-rays which are produced at
a laboratory ahg1e of approximately +4° relative to the incident beam
direction are detected in the downstream spark chamber system by inserting
1.27 cm of lead (2.27 radiation lengths) between the last two spark cham-
bers. The lead plate has dimensions 86 cm x 101 cm and is located at a
distance of 6.84 m from the center of the bubble chamber. The spark chamber
photographs were scanned by professional scanners and checked by physicists.
A total of 43900 gamma-ray showers were recorded. The overall combined
scanning efficiency for the number of showers was estimated at -.98%. The
corresponding bubble chamber photographs were scanned in the usual fashion,
resulting in 2200 events.

Possible prompt background, produced by the interactions of pro-
duced gamma-rays or hadrons in materials between the hydrogen and the lead
radiator, has been considered. Particular attention has been given to the
possible existence of low energy (: 200 MeV) gamma-rays produced by
bremsstrahlung of primary gamma-rays in these materials. Because of the
multiplicative nature of this process, such events could have serious
effects on a measurement of a correlation parameter, particularly f2°°.
Because of the high spatial resclution and multi-track efficiency of the
spark chambers, 1t has been possible to selectively study individual gamma-
ray showers according to their electron number. In an average sense this
1s equivalent to an approximate gamma-ray energy selection. Experimental
evidence for low energy gamma-ray background is apparent, based on the
observation that the ratio of one electron showers to two electron showers

is larger than expected from directly produced gamma-rays. Monte Carlo
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studies reveal that, to a very good approximation, such low energy back-
ground would be confined to showers with three or fewer electrons. In the
subsequent analysis, we have used only showers with four or more electrons.

In Figure 29 we show the geometrical acceptance (E1) of the down-
stream detector (shaded area) expressed in terms of the gamma-ray C.M.
rapidity vaffable for 200 and 300 GeV/c incident protons. The overall dis-
tributions represent an approximation to the expected gamma-ray rapidity
distribution where we have explicitly substituted measured «~ tracks for
7°'s, with the subsequent decay »® + yy. The geometrical efficiencies are
estimated by these means to be 37 and 41% at 200 and 300 GeV/c respectively.
This efficiency improves with incident beam momentum. Including an 80%
transmission (Ez) of gamma-rays through materials between the event vertex
and lead radiatof and a 70% conversion probability (E3) in the lead plate,
the overall estimated efficiency of the detector per gamma-ray 1is E152E3
-20% (at 200 GeV/c). The measured gamma-ray rapidity distribution is in
good agreement with the geometrical distribution of Figure 29, suitably
modified to account for the aforementioned transmission and conversion
efficiencies. In Figure 30 we show the distribution of events, normalized
to the cross section data of previous experiments]4 plotted as a function
of the number of gamma-rays per event, N{y).

In order to calculate Mueller parameters from the (NY) data, we
assume that, for a gfven =»° multiplicity, the center of mass momentum
spectrum of produced =°'s {is the same as that of «~'s of the same muiti-
plicity. Then we calculate the Monte Carlo probability Pﬂy(J) to detect
NY showers from various »° multiplicity (Jj) channels. Since the °(Nw)
data are a superposition of these probability functions, we minimize the

chi-squared function
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a(N) - 5 a,py ())?
2= ;3% (18)
N Ao {N)

to find the aj coefficients, which give the weight or cross section for
the jth multiplicity. It is then a straight forward matter to calculate
the various quantities <N?>, <NY(NY~1)>,et;..'wh1ch enter directly into a
calculation of the Mueller parameters.

In this fashion the quantities f,=0 and <n o> has been calculated
from our data. The results are:

f270 = 1.89 £ 0.42 (200 GeV/c); <n o> = 3.29 ¢ 0,16 (19)

- 2.36  0.45 (300 GeV/c)s 3.83 £ 0.13
These measurements are consistent with the previously measured values of
2

at 200 and 300 GeV/c respectively. A more physical interpretation of f2'°
may be seen in Figure 31, where we show <n_o> versus the number of charged
tracks in the event. For comparison, we show similar results from the
"bare" experiment at 200 GeV/c15. The hybrid data, obviously already very
much superior in statistics compared to the "bare" experiment, indicate a
turnover for n. 5 10 (as expected from energy conservation considerations)
which was not apparent in the "bare" data. With - one order of magnitude
more events available in existing and requested film, interesting details
such as the turnover may be thoroughly studied. Final results on f2°°
are not yet a§a11ab1e. Since y-ray detection efficiencies enter in this
problem quadratically, further checks are required on the efficiencies

before final results can be quoted.

£,-9 = 1,84 + 0.61% and 3.25 + 1.6° and <n_o> = 3,17 + 0.32'> and 3.95 + 0.2

16
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7. Inclusive and Semi-Inclusive Charged-Charged and Charged-Gamma
Rapidity CorreTations in 200 and 300 GeV/c Proton-Proton Gollisions

In this section we discuss two particle correlations in proton-
proton collisions as a function of the rapidity variable of each particle.
In such a way, dynamical information, which has been averaged out in the
previous Mueller correlation parameter approach, can be extracted.

The existence of strong inclusive two-particle correlations at ISR
and FNAL energies 1s well established. 1In the central region, R(0,0) =
0.6 - 0.7 for charged-charged pairs (Pisa-Stony Brook]7) and charged-gamma-
pairs (CERN-Hamburg-V1enna18). In the absence of momentum identification,
the pseudorapidity variable NeM has been used for the ISR experiments. The
FNAL "bare" bubble chamber experiments have obtained similar results, only
expressed in terms of the true C.M. rapidity, y. y, ., for charged-charged,
positive-positive, positive-negative, and negative-negative pa1r519’20.
Recent studies of these correlations by topology?® indicate that the large
R(0,0) effect is not shared equally among the topologies, as one would
naively suspect. The most dramatic observation is that R(0,0) 1s very
large in the low multiplicity diffractive events (particularly the four
and six prong events) and essentially zero elsewhere. One implication of
this 1s that correlations are associated with the diffractive component.

If this is so, then currently popular models which explain large inclusive
correlations by the existence of two-particle clusters on the multiparticle
chain are questionable.

We have studied charged-gamma rapidity correlations in our 200 and
300 GeV/c pp data. In Figures 32 and 33 we show the inclusive R distribu-
tions for various selections on laboratory pseudorapidity (boosted down by
3.2 and 3.5 respectively at 200 and 300 GeV/c from the laboratory to approxi-

mate C.M. pseudorapidity) for the charged particles and various selections
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on gamna-ray C.M. rapidity (pseudorapidity and rapidity are identical for
gamma-rays; only laboratory angles for gamma-rays are reguired for this
plot). With somewhat better statistics (based on only ~15% of our present
~ data) the data confirm the large correlation observed in the central region
by the CERN-Hamburg-Vienna group!8 at the ISR.

In Figures 34 and 35 we show our semi-inclusive charged-charged and
charged-gamma data at 200 and 300 GeV/c respectively. We note that the
semi-inclusive selection has been made on charged prong count only, without
regard to the number of gamma-rays detected. Hence, this plot is semi-
inclusive 1n the usual sense. However, as we improve our statistics we
should be able to select on gamma-ray number and reduce the semi-inclusive
selection to include at least a rough selection on the number of produced
w°'s. We note that all topologies show an enhancement near ny = 1. Since
ng = 1, this means the enhancement is located near 4An = 0, in agreement
with the results of Singer et al.20 We also observe that the four and six
prong events exhibit the largest enhancements near np = 1. The fact that
these effects are not as dramatic as those observed by Singer et al., may
be due to (1) the cut 0.4 < np < 1.6 1s not as central as that of Singer
et al.; (2) the lack of an explicit diffractive cut on our data, as imposed
by Singer et al., or (3) a presently unknown contribution of the e
system to the diffractive component. The first two restrictions can be
removed with improved statistics, as mentioned previously. The third point
raises an important physics question. That 1s, what is the overall charge
structure of the diffractive component? With our very large acceptance for
gamma-rays resulting from «°'s produced in the forward hemisphere we should

be able to deal with this important question.
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8. Leading Particle Effects in 4“p Interactions at 100 and 200 GeV/c

It 1s well known that Tnclusive production of n* in »*p interactions
at energies below about 50 GeV/c exhibits definite "leading particle"
effects. The »-(x*) production in the beam fragmentation c.m. hemisphere
is greatly enhanced over that observed in the target c.m. hemisphere in
a=p(n*p) interactions. In addition to the overall asymmetry of the n~(n*}
distributions a strong peaking in the invariant cross section near x = +1.0
is observed for »~(x%) produced in inelastic events. This has previously
been observed in n~p experiments?1s22 at 16 and 40 GeV/c for the inclusive
reaction

np + n" + anything » (20)
after removal of elastic events from the sample.

In order to investigate this effect at 100 and 200 GeV/c, we show
in Figures 36 - 38 some preliminary data obtained from the hybrid system.
Distributions are shown for events in which at least one track is required
to hook up between the spark chambers and bubble chamber. In Figure 36
are shown distributions for different charged-multiplicity final states in
100 GeV/c n~p interactions. A leading particle peak near x = +1.0 1s seen
in the inelastic two-prong sample as well as in the n‘pw+a' final state.

No peak is seen in the w"p2ﬂ+2n' final state. In Figures 37 and 38 are

shown inclusive distributions of do/dx as a function of x for »~ produced

in inelastic n-p interactions at 100 and 200 GeV/c. These inclusive distri-
butions also show the peaking near x = +1.0. These figures also show the
effect of the increased resolution of the hybrid system. Distributions

have also been shown for the same track samples with momenta from hooked-up
tracks replaced by the corresponding momenta from bare bubble chamber measure-

ments. The bare chamber data (open circles) show no peak near x = +1 and,
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in fact, show a large "spill-over" in the unphysical region x > 1,

In Figure 39 we show the normalized invariant cross section

2E* d%o 2
F(x) = S 75 dxdo2 9P (21)
all p’r2 /s xde T .

as a function of x for the 16, 40, 100, and 200 GeV/c data. The data
appear to be in good agreement in the region of large x. However, higher
statistics are needed before any definitive statement can be made about

the energy dependence of the peak near x = +0.95.

IV. REQUEST

We believe we have demonstrated that the FNAL 30-inch bubble chamber-
wide gap spark chamber hybrid system 15 a proven and unique fnstrument,
capable of doing physics which heretofore in the "bare" mode was either
impossible or substantially less precise. In this proposal we have conveyed
explicit examples of physics which are coming from the system. With those
preliminary data in hand, we have been able to establish realistic goals,
which are enumerated in the following request.

(1) Proton-Proton Interactions at 300 GeV/c

After careful examination of physics results to date, 1t appears

that the most demanding (from a viewpoint of statistics) topics are:

1) Semi-inclusive c-y correlations: We estimate that 300K additional
pictures are réduired to get +10% statistics on (-,v) data points
in a y{»yo plat in the four-prong channel. Similar statistics
will be obtained for {-,-) data points from the six-prong final
state. These two channels have been considered since they are

the most restrictive from a statistical viewpoint.
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2) Study of & production processes: It is difficult to even estimate
cross sections for processes such as A+*A® production. However,
300K additional pictures will yield a total of -400 non-diffrac-
tively produced inclusive a** events (if plon exchange contri-
butes at the calculated level),

3) Study of exclusive channels: For the ppr*s- and the pnat final
states, 300K additional pictures will give -800 events of each
kind. We estimate that ~600 pp2s*2r~ and 400 ppn° events will
be found. This will permit a measurement of the Double Pomeron
process in ppnts- to < 10 ub. The choice of 300 GeV/c momentum
represents an advantage over previous attempts at this measure-
ment at 100 and 200 GeV/c due to the expanded rapidity scale and
separation of the diffractive and central regions.

4) Study of Diffraction: We estimate that 300K pictures will yield
~2000 1nelastic two-prongs, including 900 correlated gamma-ray
triggers. Correspondingly large numbers of diffractive four-
prong events will be recorded.

(2) Pi-Minus Proton Interactions at 100 GeV/c

It 1s clear that leading particle effects, in order to be clearly
1dentified and studied, require the hybrid system even at the lowest FNAL
energies. In addition to‘our existing 50K pictures, we are presently
analyzing 50K pictures returned to us by E-125. It is our opinion that
these leading particle;éffects are very important and should be pursued.

For this reason, we request an additional 100K pictures, which when combined
with existing fiim will give a total of 200K pictures. This will provide
ample data for inclusive studies and ~250 »~pn*n~ events for more detailed

studies, such as =~ + p°r~ dissociation effects.
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(3) Pi-Minus Proton Interactions at 375 GeV/c:

It 1s our opinion that the more interesting aspects of studying
7°p interactions at FNAL energies involve the study of the energy dependence
of pion diffraction and the Double Pomeron process. We therefore request a
total of 300K pictures of 375 GeV/c = p interactions to add to the 100K
pictures which we shall be receiving from E-215. For purposes of informa-
tion, the E-2B group requested and was granted approval to run behind E-215
(mp @ highest momentum). The terms of this approval are spelled out in
three correspondences, copies of which are included at the end of this
section.

The factor of ~9 increase in CM energy squared over our present
100 GeV/c = p 1s approximately the same as the increase in s between 40 GeV/c
and 100 GeV/c and should be a wide enough spread in s to permit a conclusive
study of the energy dependence of many of the interesting cross sections.
The advantages of high beam momentum for a study of the Double Pomeron pro-
cess have already been pointed out. For example, from the total 400K pic-
tures we expect to obtain -B0O events of the n-pntr- firal state if this

cross section remains at the 590 ub level at 375 GeV/c.

(4) Summary
We request a total of 700K pictures of the following beam particles

and energies:
np © 100 GeV/c 100K
T p - 375 GeV/c 300K
pp 300 GeV/c 300K.
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With the previously mentioned inhibit on the bubble chamber flash corres-
ponding to beam pulses with no trigger, ~140K fewer bubble chamber pictures
can be taken. We estimate this represents a savings (in terms of film
purchases and development costs) of ~$10,000. For each of these runs, -6

tracks per picture will be required.
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NATIONAL ACCELERATOR LABORATORY £  P.O. BOX 500
BATAVIA, ILLINOIS 60510

TELEPHONE 312 840.3211 -
DIRECTORS OFFICE

April 18, 1974

Professor Gerson Goldhaber
University of California
Lawrence Berkeley Laboratory
Berkeley, California 94720

Dear Gerson:

I imagine that you are aware of the request that Gerry Smith has
made as spokesman of the Hybrid #2B collaboration. Specifically,
he wishes permission to run the wide-gap hybrid system behind
the 30-inch bubble chamber during the exposure of high energy

= for Exp:riment #215. Gerry's wish is that the film be released
to the Hybrid #2B experimenters eight months after your exposure.
I am asking for your response to this request so that more formal
arrangements can eventually be made through an Agreement with

the Laboratory.

Sincerely,

James R. Sanfo

AFG:jp

cc: P, R. Huson
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LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720 © TEL. (415} 843-27:19

May 10, 19Th

Dr., Janes R, Sanford-

National Accelerator Laboratory
P.0, Box 500

Batavia, Illinois 60510

Dear Jim:

Thank you for your letter of April 18, 1974. We are willing to let
Gerry Smith and co-workers run their system behind the 30-inch bubble chamber
during our Experiment Number 215, howaver, it is totally unacceptable ﬁ: us
to releasa the £ilm after eight months, .

In oux previous experiment, where we did release the film, the result
was that we only measured about’ one third of the six-prong events and even a
smaller fraction of the higher multiplicities. This has severely hampered our
physics results from this previous experiment. In Experiment Number 215,
the measurements will be more difficult because of the higher energy, and we
feal it is totally unrelistic to limit the measuring time as requested. . »
Furthermore, ths urgency which one may argue existed in the early days of the
- NAL rxunning, is no longer thare, I understand that the Hybrid Number 2B
experinenters have a considerable backlog of f£ilm now,

e feel that we could go along with the following arrangement, We can
glve up Fifty percent of the fllm after one year and the other fifty percent
after eighteen months, This should give us a fighting chance to complete a -
resonable fraction @f the measurements. Furthermore, we want the possibility
of recalling the film (1 set of 3 rolls at a time) for up to one month periods

incase the need for speclial remeasuremants arises,

Sincerely,

N
Gerson Goldhaber

GG:ml

cc: F, R, Huson LT
. Binghan Precosal File No 245 2208
W, F?e%ter ] ibtk \ -
o, H. Teiviing B
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DIRECTORS OFFICE

May 29, 1974

Professor Gerson Goldhaber
Lawrence Berkeley Laboratory
Berkeley, California. 94720

Dear Gerson:

Thank you for your letter of May 10 concerning the use of
the hybrid system in conjunction with your Experiment #215. The
terms you propose are satisfactory both to NAL and to the spokesman
for hybrid 2B. Ffollowing the r exposure that you will be running
at 400 or above you expect to work on the analysis of the pictures
for between twelve months and eighteen months. It is my understand:i:
that you will give up half of the film after a year and the
remaining f£film after eighteen months. I hope that this gives
both you and the 2B group a chance to make the maximum use
of that data.

Sincerely,

Sanford

cc:  G. Smith
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FIGURE CAPTIONS

Figure 1 - Schematic layout of the Experiment 2B hybrid system at FNAL.

Figure 2 - Measured spark chamber track width versus tifie delay from
coincidence.
Figure 3 -~ Measured spark chamber track width versus Marx voltage for

single tracks.
Figure 4 - Single gap efficiency versus track multiplicity in the
sbérk chambers. See text for definition of efficiency.
Figure 5 -~ An eight-prong event, photographed in the bubble chamber and
upstream spark chambers at 200 GeV/c.
Figure 6 - Flow d1agram used in spark chamber track reconstruction.
Figure 7 - Point scatter (FRMS) results on beam tracks in the direct
view.
Figure B8 - Point scatter (FRMS) results on beam tracks in the 90-degree
view,
Figure 9 - Distribution of transverse coordinate of spark chamber track
{extended to bubble chamber) around same coordinate of
bubble chamber track for beam tracks with no magnetic field.
Figure 10 - Flow diagrém used in bubble chamber-spark chamber hookup.
Figure 11 - Distribution of fitted beam momentum for known 200 GeV/c
beam. ‘ ‘
Figure 12 - Djstr1but10n of fitted beam momentum for known 300 GeV/c beam.
Figure 13 -~ Scatter plot of + ap/p versus p for secondary tracks from 15
to 200 GeV/c based on (a) bubble chamber alone {open circles)
and (b) hybrid system (closed circles).

Figure 14 - Example of a one gamma-shower in the downstream spark chamber.



Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22

Figure 23

Figure 24

Figure 25

Figure 26
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Example of a five gamma-shower in the downstream spark
chamber.

Summary of cross sections for pp > ppr™2~ and »”p = #"pn'n".
Double Pomeron exchange diagrams. T

Results of bare and hybrid fits to p-p elastic scattering
at 200 and 300 GeV/c expressed in terms of MMZ .

Results of bare and hybrid fits to pp + ppr'n~ and pp2n*on-
at 200 and 300 GeV/c expressed in terms of MMZ,

Results of bare and hybrid fits to « p » n"p, u‘pn+n' and
»"p2rt2n= at 100 GeV/c expressed in terms of MMZ.
Distributions of X = ZP:/A? for protons, ¥ and »~ 1in

pp + ppn+w' after fitting using hybrid data.

Distributions of X = 2PY/ . for protons, s* and n~ in

pp + pp2r*t2n= after fitting using hybrid data.
Distributions in -t for elastic and inelastic two-prong
events at 300 GeV/c using the bare and hybrid data.
Distributions 1in sz for inelastic two-prong events at 200
and 300 GeV/c. Shaded events have one or more observed
gamma-ray showers.

Mean number of n°'s versus number of charged tracks for
205 GeV/c p-p bare experiment. The diffractive and non-
diffractive contribhtians'have been separated.
Distributions in C.M. gamma-ray rapidity versus number of

prongs. The diffractive contribution has been shaded.



Figure 27 -

Figure‘zs -

Figure 29 -

Figure 30 -

Figure 31 -

Figure 32 -

Figure 33 -
Figure 34 -
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Contour plots showing 1ines of constant R(y1.y2) as a
function of y; and y, for the two-particle inclusive »7p
reactions at 200 GeV/c: (a) ="p + charge + charge + . . .;
(b) s p+a-+n 4. .. (c)np+at+ 2+ .. . and
(d) s p+a- + 0t 4. L.

Distributions of n'zdzc/dyldyz as a function of y, for
various ranges of Y1 in the two-particle inclusive =7p
reactions at 200 GeV/c: (a) n-p + charge + charge + ...}
(b) s p+u~+a=+ ... .; (c)nwp+at+at+ .. . and
(d) w°p » n~ +«t + . . . Various ranges of yy are indi-
cated by different symbols as shown on the figure\, The
lines connecting the points are included to make it easier
to follow the trend of the data.

A simulated center of mass rapidity distribution for inclu-
sive gamma-rays produced in 200 and 300 GeV/c pp collisions.
The shaded areas correspond to gamma-rays which fall within
the geometrical acceptance of the lead radiator-spark chamber
detector.

The normalized distribution of gamma-rays observed for pp
collisions at 200 and 300 GeV/c after removing‘showers with
three or fewer electrons.

<n,o> versus n. for the 205 GeV/c "bare" experiment and for
the 200 and 300 GeV/c»hyhrid experiment.

Rapidity density for charged-gamma data at 200 GeV/c.
Rapidity density for charged-gamma data at 300 GeV/c.
Inclusive and semi-inclusive rapidity densities for charged-

charged and charged-gamma data at 200 GeV/c.




Figure 35

Figure 36

Figure 37

Figure 38
Figure 39
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Inclusive and semi-inclusive rapidity densities for charged-

charged and charged-gamma data at 300 GeV}c.

Distributions of x{n~) for »~pn*s~, =~p2r*2x~ and inelastic
two-prong events in =”p interactions at 100 GeV/c.
Distribution of do/dx{»"~) for inclusive. tracks produced in
100 GeV/c ="p interactions. The open circles and closed
triangles represent "bare" bubble chamber and hybrid measure-
ments respectively. ]

Same as Figure 37, only at 200 GeV/c.

Distribution of the invariant cross section, f(x), for beam

energies from 16 to 200 GeV/c.
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