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We propose a 50, 000 picture exposure of the 30-inch bub-
ble chamber to 500 GeV protons. The total pp cross section
will be measured to 1. 7%. Charged secondary multiplicity

parameters will be determined and < n o> will be estimated.
T

We will measure m 7 correlations in the complete backward

hemisphere, study the diffractive process pp _’Apslow + MM,
++

A and neutral strange particle production.
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I. Exposure:

We propose to take 50, 000 pictures with the 30-inch bubble chamber
at NAL exposed to a 500 GeV proton beam: We intend to run with five beam
1
tracks per picture. Using a 45 cm fiducial volume and expecting about 70%( )

good physics pictures, we will have 10, 000 events, roughly 1/5 of them elas-

tic.

We propose to insert a thin lucite plate into the downstream end of
the chamber. This creates corresponding points on the fast forward-going

(2)

tracks which improves the track matching considerably.

IL Measurements and Their Physics Interest:

1 .
(1) oot at 500 GeV:

(3)

Recent results from the ISR ° show an increase of the total pp
cross section of 10% from ''low energy' accelerator energies at 60
GeV to ISR energies up to 1500 GeV stationary-target-~equivalent lab

momentum as shown in Fig. 1.

In the ISR experiment, the measurement of flux and target den-
sity, i.’e., the luminosity in the storage ring, is complicated. Addi-
tionally, about one-half of the observed effect is contained in Monte

Carlo corrections to the raw data.

Hence, it is important to measure the total cross section in an

experiment where the determination of flux and target density and the



event detection is simple and straightforward! This - although statis-
tics are low - is the case in a BC experiment at NAL! A measurement
at 500 GeV provides enough '"energy lever arm' to expect a 5% effect.
With our proposed exposure of the 30-inch bubble chamber, a measure-

ment with 1. 5% accuracy can be made and gives a significant answer.

The various contributions to this error are:
(a) H-target density: The H density can be determined with 1%
+ +
accuracy from energy-range measurements of u from ™ stop

+ +
-~ p stop - e .

(b) Scan efficiency: The scan efficiency for events with 4 and more
4{:
prongsiclose to 100% and its error negligible. The scan effi-

(4)

ciency for 2-prong events in the 200 GeV exposure, where
the aim was a fast determination of the multiplicity parameters,

was (96 + 1)%. One will do better than that in a more careful

scan for 2-prongs.

(c) Correction for short p recoil losses in 2-prong events: From
4

the results at 200 GeV, (4) it is estimated that this correction

for the proposed exposure will have an error of 1% due to un-

certainty in the extrapolation of the t-distribution to t = O.

These errors combined with a 1% statistical error give a 1. 7%

error on o .
tot



(2) T oy at 500 GeV:

The slope of the elastic t-distribution at high energies (NAL and

ISR) is well measured.

However, the various absolute values of the elastic cross sec-

tion quoted from ISR experiments fluctuate considerably!

The best known value so far though low statistics - is the 200

)
GeV BC result at NAL!

Here the kinematical analysis uses only the ""engineering values"
for the beam parameters and the accurately measured slow recoil
proton. The background in the elastic sample is estimated by analyz-

ing 4-prong events in the same manner.

We estimate from these data that the error on T ey at 500 GeV

will be 8%.

(3) Moments of the Multiplicity Distribution:

Comparisons of the measured multiplicity parameters,

<n>
<nf(n - 1)>

etc. with n = number of charged secondaries |,
with model predictions, show that much more data are needed for a

meaningful distinction between models. In particular in energy



dependence studies of the higher moments, accurate measurements

- 5
at highest available NAL energies look promising. )

We will measure the moments af 500 GeV with about twice the

6 7 8
accuracy of the reported results at 100,( ) 700,( ) and 300( ) GeV.

Measurements of Secondary Momenta:

Due to the sharp fall-off in the transverse momentum (P ) dis-
tributions of secondaries, one can neglect events with P; > 1GeV/ec.
One captures then the complete backward hemisphere (b. w. h.) at 500
GeV incident energy if one measures the following lab momenta for

the different secondaries

p-rr < 15 GeV/c
PK < 17 GeV/c
p. < 20GeV/c

o
pA < 23 GeV/e

Charged Secondaries:

One selects reliably secondary lab momenta up to 15 GeV /c with
a sagitta criterion on the scan table. Hence, we will measure ™ reli-
ably in the complete b w. h., p/Tr+ only in part of it. Protons are iden-
tified by ionization up to 1. 4 GeV/c lab momentum, which includes still

a large fraction of the b. w. h. in the target fragmentation region.



Neutral Secondaries:

The v° topology events
o -
A —=pT

Ko -»'n'+1r—

yip) = e'e (p)

can be separated up to about 17 GeV/c Vo momentum as demonstrated

i 11
in the 200 GeV(g’ 0) (11)

and 300 GeV 30-inch bubble chamber experi-
ments. We expect, therefore, to detect K° in the complete b. w. h. and

Ao in part of it.

The conversion probability for y is constant across the Peyrou
plot whereas the detection éfficiency for neutral strange particle de-
cays drops sharply as the CM.symmetry line p ” = 0is approached,
(p " is longitudinal momentum of the secondary in the CM). The fast

A and K° are thrown out of the BC before they decay.
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We expect, therefore, to detect y in both hemispheres.




(4) w° Multiplicity:

i1
The results from the 200 GeV(g) and 300 GeV( ) bubble chamber
experiments on n° production indicate that at high energies, the num-
ber of m° "tracks' the number of 7 . This has been interpreted as

(12)

support for multiperipheral models.

We will study the reaction
o .
PP = Y(7™ ) + anything

in the same manner at 500 GeV with about 500 y conversions.

(5) m w Correlations:

The results on two particle correlations from the Pisa-Stony

Brook experiment at the ISR give strong support to the Short Range
(13)

Correlation models.

(13)

Specific predictions using a very simple

Mueller approach for the two particle correlation function are:

-y, -y, |/2
Y2)= 0.7e 1 2 for 'rr+'rr

_ 1T+‘n’+
=0 for{ - -

We will measure C, with about 22, 000 v, and study C,asa function

of prong number.

(6) Diffractive Processes:

(15)

' 1
In the BC experiments at 100,( %) 200, and 300(16) GeV, the

reaction




PP = IJslow + MM

_has been studied in a missing mass (MM) experiment in the beam frag-

mentation region.

1\)3 EAM st MM
W‘
{
' -
. !
:EM.QYGET (‘)SLOW

A low mass enhancement was found in the 2- and 4-prong events. The
6-prong events showed a flat MM distribution. This low mass enhance-

ment was interpreted as diffractive pfoduction.

We will study the energy dependence of this process up to 500

GeV with about 4000 events.

() A" Production

(17)

The 300 GeV experiment detects in an effective mass experi-

ment in the target fragmentation region

lmﬁ:‘_
|
| .

I 2

Ceom

++
strong A production.

- We will study the inclusive A++ production at 500 GeV.



IIL.

(8) Neutral Strange Particle Production:

o
The cross section ¢ (K ) was found to rise strongly with energy

(18)

but o-(Ao) rises slowly at energies below 30 GeV.

Up to 200-300 GeV, o (Ko) rises strongly and cr(Ao) does too. (19, U)

We will detect Ko in the complete b. w. h. and measure ¢ (KO) at
500 GeV. Ao will be detected in part of the b. w. h. where we will test

io, 11
the approximate scaling behaviour found at 200 and 300 GeV. (10, 11)

Equipment and Manpower:

Our equipment avajlable for the analysis of the film includes four scan

tables with image plane digitizers, three of them equipped with large magni-

fication (60 times) for complicated events, three Vanguard measuring ma-

chines and one Vanguard with a TV zoom lens for large magnification.

The personnel consists of
10 full-time scanners
2 Ph.D. students

4 Ph.D. physicists

We are currently analysing 200 GeV pp interactions on 30-inch BC

film in collaboration with ANL. We have a running software chain for all

measurements quoted above, and a scan crew trained to scan difficult multi-

particle events on 30-inch film as NAL energy. We are confident that we can

analyze the film fast and reliably.
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Fig.

Figure Captions

12

Compilation of total cross section results for pp interactions .

including the recent ISR results.
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