NAL PROPOSAL No. _80-A

Scientific Spokesman:
T. Ferbel
Physics Department
University of Rochester
Rochester, New York 14627

FTS/0ff-net: 716 - 546-4900
275-4396

PROPOSAL TO STUDY MULTIPARTICLE~-PRODUCTION PROCESSES

UTILIZING THE 30-INCH BUBBLE CHAMBER

C. Bromberg, D. Cohen, T. Ferbel, P. Slattery, S. Stone,
and B. Werner

University of Rochester
Rochester, New York 14627

April 28, 1971




Revised NAL Proposal

April 28, 1971

PROFOSAL TO STUDY MULTIPARTICLE-PRODUCTION PROCESSES
UTILIZING THE 30-INCH BUBELE

CHAMBER

¢. Bromberg, D. Cohen, T. Ferbel, P. Slattery, §. Stone,
and B. Werner
University of Rochester

Rochester, New York 14627

(Spokesman: T. Ferbel, Tel;716 275-4396)

ABSTRACT:

We propose to examine production and decéy properties
of particles producéd in wnp collisions at incident
momenta of 270 GeV/c and %250 GeV/ec. OQur investigation
will be primarily concerned with the characteristics of,
those particles which are emitted into the backward hemi-
sphere in the ﬂ_p center~-of-mass frame. We require 80,000
exposures of the 30-inch ANL-NAL liquid hydrogen bubble
chamber at each energy. This will provide us with a total
of =20,000 inelastic ﬂ_p interactions. Our experiment
can be performed utilizing the "bare" chamber in conjunc-

tion with the hadron beam proposed for the neutrino area.
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I. Physics Justification

We propose to sufvey the interactions of T  mesons
in liquid hydrogen for two well spaced high-energy points.
In particular, we wish to examine the energy region near
70 GeV/c and the energy region near 250 GeV/c. This pro-
posed study will yield new physics information and will
in addition be extremely useful for providing direction
for second generation experimenﬁs. The major reason for
requesting two separate high-energy points is the result-
ant opportunity to examine energy trends of various in-
teresting physical quantities in as unbiased a way as
possible; namely, through the use of similar scanning,
measuring, and analysis techniques at both T beam energies.
We believe that Z0.5 event/ub exposures at each energy
will suffice for a preliminary investigation. Assuning
a 12-inch fiducial region, and 5-8 beam particles per
plicture, this will require 380,000 exposures of the ANL-NAL
30-inch bubble chamber for each energy point.

The most important reason for conducting general
survey experiments at NAL is, of course, the substantial
increase in the range of interaction energies which will
be accessible there; and the greatest physics discoveries
at NAL may, in fact, be forthqoming from as yet unsuspected
sources. Consequently, we propose to scan the entire

exposure and measure all the events.




Aside from our general goal of keeping alert to the
possibilities of observing new phenomena, we.intend to
examine in a systemétic manner the variation of charged-
particle multiplicity with‘beam momentum, correlations
between produced particles (e.g., opening angles, momen-—
tum transfers, invariant masses, etc.), single—particle
momentum distributions, and other similar dynamic proper-
ties of multiparticle production processes at high energies.

Before discussing in more detail the specific areas
which we want to examine, we %ish to stress the fact that
there is of necessity considerable uncertainty in any
quantitative estimation of the utility of the 30-inch
bubble chamber in this new energy regime. While ocur
Monte Carlo simulations have been very useful in providing
insight into the kinds of problems which will be tractable,
it 1s clear that the quantitative conclusions necessarily
reflect present prejudices concerning the nature of
strong~interaction processes at high energies.

We also wish to point out that, although wetwill un-
doubtedly obtain quantitative results in several:of the

D ‘

areas we want to examine, our experiment is mainly inftend-

ed to be g exploratory and, consequently, a qualitative

investigation of strong-interaction phenomena in a new

j
energy domain.
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The following problems are the ones to which we
specifically pian to address ourselves:
(1) We will measure topological cross sections for O0-
pronged, 2~pronged, 4-prpnged, 6~pronged, and 8-pronged
charged-particle multiplicitieé. We also expect to be

able to make rough estimates of cross sections for

'>10-pronged topologies. From recent measurements of

(2)

multiplicities obtained in cosmic-ray studies, we
estimate that we shall be able to determine cross sec-
tions for the 2-,4-,6-, and 8-pronged multiplicities to
within a statistical uncertainty of =22%. Our results
will therefore be able to discriminate between various
models proposed for the description of high~enexrgy

(3)

processes. We also expect to measure the average

charged-particle multiplicity (n) to within an accuracy

of better than 10%, and thus check that the variation
(4)

of n with beam energy is in fact logarithmic.

(2) We will measure cross sections for inclusive pro-

|
cesses such as:

T p + A++ + anything E (1)
T p - AQ + anything ; (2)
T p +op 4+ anything % (3)
T p+ T 4+ anything i (4)

etc.




Reactions such as (1), (2), and (3), which require

ionization infqrmatiou and involve the production of

massive particles, can only be measured when these par-

ticles are emitted backwards in the collision center of
(5)

Mas s , i.e., when the particle momenta are <1.5 GeV/e

in the lab. Reaction (4), however, can be studied

quantitatively for 7 momenta <10 GeV/c. The longitudinal

momentum (pz) spectrum of the T in the target-frag-
mentation region will be particularly interesting in

(6)

view of our recent studies concerning the observation
of limiting behavior and factorization of inclusive re-
actions at presently achievable energies. Moreover,
since reaction (4) can be studied successfully (even at
250 GeV/c) for p, values which correspond to the so-

(1

¢alled "pionization" region, the cross section for
this reaction near pg(cm) % 0 will provide a measure of
the importance of the pionization process in hadronic
é6llisions at high energies. The fact that at NAL
énhergies there will be less kinematic ambiguity in the
definition of the regions where processes such aé frag-
mentation or pionization are expected to dominate, will

provide clearer tests of the theoretical ideas pertain—

ing to these phenomena.




(3) The strange-particle and antiparticle-production
cross sections are rising rapidly with energy for beam
momenta in excess of 5 GeV/c. It will be interesting

to see whether these cross sections level off at NAL
energies. To examine this question we plan to scan the
film for all Vee-particle decays. The 30~inch chamber
sensitivity is adequate for Vee-particle momenta <5 GeV/ec.
It should therefore be possible to measure AO,KO, and

Kg production cross sections in this restricted kine-
matic region. (On the basis of present trends, we ex=-
pect to obtain, for example, the cross section for A°
production in the region of proton fragmentation to
better than =*10% accuracy at each beam energy.) The
special Vee scan will also provide information concern-
ing the possible existence of new neutral particles.
Long~lived massivé particles have been predicted to

(8)

exist on theoretical grounds; these new ijects

could appear as anomalous Vee events in the bubble
chamber.

(4) We plan to examine the boson mass spectrum, par-
ticularly through the use of the missing-mass technique.
Massive bosons having a charge of 0, 1 or 2 can be

. . ’ +
produced in conjunction with ﬁo, p or A +; since the

missing mass resolution, especially for massive boson




systems is expe;ted to be reasonable (see Section III

of this proposal), this technique should prove to be
exceedingly useful for searching for new "giant" reson-
ances, or massive diffractive dissociation products, 1if these
are produced with sufficiently large cross sections.(g)
To complement the missing-mass search we plan to zlso
study the invariant-mass combinations for the simpler
fast~meson syétems, as well as the slower systems which
originate from fragmentation of the target. Althéugh
the mass resolution for the projectile fragments will
not be very good, it nevertheless should suffice for ob~-

(10) The

taining the general features of these spectra.
invariant masses of the target fragments will be well
determined and should prove to be particularly inter-
esting in answering questions pertinent to items such
as N*(1470) production, and the substructure of the more

massive fragmentation products of the proton.

We are confident that, with our extensive experience

(11)

and continuing interest in the high-energy domain
of strong interactions,we shall be able to execute the
proposed experiment in the shortest time possible. Al-
Xthough preliminary results, based particularly on

scanning of the exposure, will be avallable within several

months of the run, we expect that it will require a full




year to complete the entire experiment. These explora-
tory results will undoubtedly haﬁe important bearing

on the theoretical questions to which we have aluded,
as well as on the direction of the future program for

the experimental study of hadronic collisions at NAL.

.IXI. Experimental Equipment

Our proposal requires a % beam with a momentum
spread of %? < 0.5%Z and an angular resolution of <0.5 mr.
From discussions with S. Pruss, we surmize that our re-
quirements are well within the design values of the pro-
posed hadron beam to the 30-inch chamber.(l2) Since
we are not relying on the availability of a beam tagging
system, we consequently require a m purity of 2957%.
(Although if the background is due mainly to MW we can
accept up to 107% contamination.) ‘

As 1implied earlier, we believe that these ekplora—
tory studies should be conducted using the "bare"
chamber so as to get a "quick look" at the new ehergy
regime. More elaborate studies, employing upstréam and
downstream detection equipment and consequently &he

outlay of substantial additional expenditure in both

physicist-time and money, could benefit greatly from




the information thus acquired. In this regard it might
be pointed out that if an initial period of "bare cham~-
ber" operation were scheduled for the 30-inch chamber,
then the data-taking rate could be substantially in-
creased during this period if the chamber were set up
in its "normal" manner (i.e. with the present beam-
entry window upstream); i1in this ANL mode of operation
the number of beam tracks/pulse could be doubled with-
out causing confusion due to the overlapping of tracks.
(In the planned NAL mode of operation for the 30-inch
chamber - which is of benefit only to spectrometer oper-
ation of the chamber -~ a steel bar effectively limits
the number of beam particles to the 5-8 employed 1in

this report).

111, Technical Details

We now wish to comment on the technical feasibility
of our program with regard to the specific point; item~
ized in section I of this proposal, E

We have performed extensive Monte Carlo simulations
in order to verify that the resolution in the 30;inch
bubble chamber will be sufficient to permit us to ei-

amine the items discussed in section I. The details of
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some of these calculations are contained in the attached

(13)

report. We have checked that the a priori errors
used In these calculations do, in fact, correspond to
what is known about the characteristics of the 30-inch
chamber, Using the actual errors which weré found to
be suitable for slow tracks observed in a 5.5 GeV/c

(14)

K d experiment, we calculated the errors on missing
masses recoiling from these slow tracks as a function
of the beam-momentum characteristics. These 'more
realistic" calculations have corraborated the findings

(13)

in the previously reported study. We summarize our
conclusions below:

(1) For particle momenta below 10 GeV/c the 30~inch
chamber can provide adequate momentum information (Ap/p
< 5%). 1In Fig. 1 we give a graph from a recent

(15) 4hich indicates the sort of T~ laboratory

report
momenta which correspond to reaction (4) at 200 GeV/c.

It is clear that a sizeable region of momentum space

near pl(cm) x 0 will be able to be surveyed with adequate
resolution. Thus it appears that reaction (4) can be
studied egsily in the region of target fragmentation

" (where the Coulomb efrors limit the accuracy), as well

as in the pionization region(where the track length

and consequently the measuring error limits the resolution).
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(2) The average errors expected for missing masses Te=
coiling from a slow proton or a slow A(1236), as a func~
tion of the missing mass, are indicated in Fig. 2. The
calculation is for 200 GeV/c (these errors are’deter—
mined largely by the momentum and angle errors on the
élow particles and therefore, to a good approximation,
scale linearly with beam mbmentum). It is clear from
the figqre that the missing mass ipformation will be
precise only for large recoiling masses. However, wide
lower mass enhancements could also be observed using
this technique.

(3) PFigure 3 displays the errcr expected on the in-
variant mass of two charged pions as a function of the
dipion mass and total momentum (the manner of the dipion
decay will clearly affect this error; we choose to dis~
play the average error). Here again it is observed
that this technique for studying particle correlations
will be severely limited by resolution, particularly
for high-momentum systems, In some ways, however, the
effective mass calculation complements the missing mass
calculation 1n that the effective mass is best deter-
mined for small q-values. We might point out (see en-
closed report) that the invariant mass of a three-

particle system, for example, can be approximately 2
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times more precisely than that of a two-particle system
having the same invariant mass (again, this dis somewhat
a function of the angular distribution of the deéay);

We have ﬁot discussed the less controversial aspects
of this proposal since we believe that it 1is well estab—
lished that the 30-inch bubble chamber is a proven and
valuable device for studying particle interactions be-
low 10 GeV/c. Thus the investigation of inclusive re-
actions and dissociation near the proton~fragmentation
region, as well as searches for slow anamolous Vees,

etc.. can be carried out with no special difficulty.
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Appendix to Proposal

The Monte Carlo simulation referred to in the pro-
posal is described in pages 10-15 of UR-875-324; the
pertinent figures are 8-19. These figu%és are described
in detail in the text. Although Figure 19 is for a
beam momentum of 100 GeV/c, the quantity AM is approx-—

imately proportional to the beam momen tum.
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July 6, 1270
Dr. F. T. Cole |
Secretary, Program Committee
National Accelerator Laboratory
P. 0. Box 500 ’
Batavia, Illinois 60510
‘Dear Dr. Cole:

This letter is with regard to the recent call for pre-
liminary proposals for the fifst round of éxperiments at NAL. We
wish to inform you at this time of our serious intent to pursue an
~investigation of T p interactions at NAL energies utilizing the bubble
‘chamber technique. The experimental details of our proposal will be
treated in a. later and more formal communication once the following
items become more clarified: (1) The final design characteristics
of the large bubble chamber facility, and (2) which (if any) of the
presently available)medium—sized bubble chambers will be provided
for preliminary survey experiments.at NAL. Ih this note we will
only brieilyvdescribe the nature of our inéended strong inter-
action surveys, some of theimotivation fér these studies and,

finally, we will make some comments on the technical feasibility of

executing the experiments in question.




‘Progésal:

We.wish to make a general‘survey of ﬂ- interactions in
iiquid hydrogen for two Wellbspaced high energy pbints. In partic-
ular, we wish to examine the energy‘region near 60 GeV/c and the
energy region‘near 150 GeV/c, as soon after NAL turn on as possible.
We wish to add, however, that the precise running points will depend
on wﬁich bubble chamber will be available for this study (simulation
tests are presently underway to establish the feasibility of carrying
out our experiment in differént chambers);

The proposed survey will yield new physics information and
will in addition be extremely useful for providing direction for
second generétion experiments. The major reason for requesting two

_separate high energy points is the resultant opportunity to examine
energy trends of various intéreSting physical gquantities in as unbiased
a way as possible; ﬁamely, througﬁ the use of similar scanning,
measuring, and analysis techniques at both m beam energies. We
believe that a 5 event/ub exposure’at each energy will suffice for

a preliminary investigation. Utilizing a reasonable fiducial regi&n

of the BNL 80-inch bubble chamber, this means 250,000 pictures per
energy point. ‘

Because the physical quantities which we wish to examine
will require an exceptionally precise knowledge of the momentum and
angle of the incident beam, we envision a need for an accufate'
mapping of the magnetic field outside of the bubble chamber. We
also forééee an uqquestionable need for setting up an external counter
array 'in order to ascertain the beam characteristics to sufficient
accuracy. ’The nature of the scheme for measuring the beam-tracks will,
agaiﬁ, largely depend on the bubble chamber which will’be used in

this rv», as well as on the exact location of the chamher,  (If an




‘.‘.3...
additional chamber aside fromkthe"presently envisioned'iéAfoot bﬁamber
.1s made available to NAL, the;e survey studies can be carriéd oﬁt
either in Area II or in Area I.) Any design proposal ﬁuét await a
final decision regarding tﬁe above questions.‘ Howe&er, we wish to
emphasize that it is Qﬁrlconsidered opinion based on recent studies(l)
that a chamber such as thé BNL 80-inch operating in Area II would
be particularly appropriate for our intendedinvestigations; Such
a chamber, eépecially with an enlarged magnetié field (30 XG or
more)}, would be useful for survey studies evén up'to the higher
beam energies at NAL,_énd it could also become a powerful research

tool at NAL for the more detailed hadron studies expected to proceed

. *
once the envisioned separated beam(z) becomes operational in Area I.

Motivation:

The most important reason for conducting.general survey
experiments‘at NAL is, of course, tﬁe substantial increase in the
range of interaction energies which will be accessible there; the
greatest physics discoveries at NAL may, in fact, be forthcoming
from as yet unsuspected sources. The bubble éhamber is particularly
well suited for general surveys in that it can provide an essentially
unbiased early look at the nature of hadronic interactions in this
new energy regime.

We intend to scan the entire expoéure and measure a large
fraction of the events which are found. t %s not clear at this

time which topologies will be able t0 be measured in a successful

*It may prove to be very economical, as well as profitable from the
point of view of physics output, to place the BNL 80-inch chamber
downstream from the NAL 15-foot chamber. In this manner the same
separated beam could be made available to both chambers.
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manner, and we are investigating this question through simulation.
studies. We plan, however, to address ourselves to the following

class of problems:

(1) Measurement of particle multiplicities at high energies and
of production cross sections for various multibody final states,
These data will be particularly interesting in view of recently

(3)

proposed models for high-energy processes, and the reported

observations of systematic behavior for multiparticle production

(4) . ‘ 7

cross sections.

(2) The measurement of the invariant masses éf multipion systems
observed in high-energy collisions will sexve to test the ideas under-
lying the multiperipheral model. The observation of low-mass clusters,
their average multiplicity, and the expected éevere aaﬁping in momentum

transfers between such clusters will be particularly interesting.(s)

(3) Measurement of "inclusive" processes such as:’

ﬂfp -> A++ + ..
mp + A%+ ...
ﬁ—p > A%+ ...

etc...

Cross sections for these reactions are éxpécted to remain large at
high energies and are expected to be of great value in establishing

(6)

the properties of the strong interactions.

(4) Measurement of the dynamic properties of particle production
at high energies - systematic studies of angular correlations and

momentum transfers etc.




(5) Study of diffraction phenomena such as A m(l640), Nfl470),

ll
etc. Search for double diffraction processes.

(6) Examination of the boson mass spectrum, particularly through
the use of the missing mass technique. Massive bosons having a charge
(Q) of Q = 0, 1 or 2 can be produced in conjunction with AO, p or

++ . ' s : : :
A "; since the missing mass resolution, especially for massive bosons,

NES

is expected to be rather goo , this technique should prove to be

exceedingly useful for searching for new resonances.

(7) The A2 production cross section in the reaction w_p-*Az—p
appears to exhibit an anomalously weak energy dependence when compared
to other two-body processes. This anomaly may be due to the increas-

ing contribution to A, production from higher moments of the

2
Pomeranchuk trajectory relative to the p—- exchange mechanism
which dominates at low energies. If this is in fact the case, then
the Az' cross section would be expected to level off and stop
failing with increasing beam energy. Even if the A, cross section
continues to drop at the present rate we expect to observe

- -0 » s a4
120 Az +1 p  events in our preliminary exposures.

(8) The strange particle and antiparticle cross sections are
rising rapidly with energy for momenta in excess of 5 GeV/c. It will

ke interesting to see at what point these cross sections level off.

(9) We plan to make a careful search for anomalous Vee particles
and other new phenomena. Predictions, based on theoretical argumnents,
have been made concerning the existence of possible long-lived massive

E (7)

particles; these new objects could appear as anomalous Vee events

" in the bubble chamber.
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KiO) Feasibility étudies are presently underway to determine
_Whether it is possible to obtain a useful measurement of the
électromagnetic form factor of the T7-meson from large momentum
transfer m-e collisiéns. We estimate that in our preliminary
exposures we will obtain n150 events with q2 > 0.1 M 3. A one

radiation length Tantallum plate introduced in the downstream

part of the bubble chamber may be useful for detecting the electron.

Technical Comments:

The technical problems involved with the measurement of many
of the items discussed in the previous section are rather formidable,
and studies are presently underway to ascertain the feasibility of
.these measurements. Our pre;iminary conclusions, based on previous
calculations and on our extensive experience with high-energy
scattering experiments, leads us to believe that the major fraction
of these experimental goals can be realized.* We also feel that
with the availability of two PEPR systems (one at Johns Hopkiﬁs and
one at Yale), our present scanning/measuring staff, and our large
joint pool of physicists, we can process the two proposed exposures
in a rapid and efficient manner;*

We expect essentially all the measurements to be done on
the two PEPR systems. The time scale for the data egtraction will
be determined, to the largest degree, by the scanning (and possibly
predigitigatioh) of the events on filﬁ. This process should take

approximately six months; following this period we should have

*These conclusions are based on the assumption that a chamber such

as the BNL 80-inch will become available at NAL. We wish to stress,
however, that early physics results will be forthcoming only if a _
. careful mapping of the present lens and front-glass distortions of the
an-inch ~hamhey 3s made vrior to the +aking of tha avnemonres., We eavnnet

oo
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évailable'some of Qur.preliminary"results.

We might point out at this time that the*measuremént of
such items as, for example, the average charge~particle multiplicity‘
may also require the use of PEPR, This is beéause wé expect the
visual confusion in highfmultiplicihy events to be such as to ﬁake a
track count by a human scanner unreliable., We therefore foresee
thaﬁ, in this particular instance, the human scanner would‘just be
used for loc&ting the interactions while PEPR wﬁuld be used as a
total ionization counter by laterally scanning acfoss the tracks
comprising the forward cone of the jet (<1° in the foﬁward direction).
The number of PEPR hits, obﬁained_in this.fashioh, would be analyzed
in a statistical manner, and merged with PEPR'S current track

recognition capability in the extraction of the event multiplicity.*

4

*We do not mean to imply that in terms of pattern recognition PEPR
is presently superior to the human eye. Nor do we wish to minimize
the difficulties expected in carrying out the suggested measurements.
However, it is our belief that PEPR, possibly with human assistance,
can be used effectively in the sort of situation described above to
obtain valuable data which a human scanner alone could not provide
in an unbiased manner.




We hope that the above note will serve as an indication

of our enthusiasm and of our serious commitment to continue pursuing

particle physics investigations utilizing the bubble chamber technique

whenever that technique appears to be best suited for particular

particle physics experiments.

W ?d i o
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D.

Johns Hopkins University °

Madansky
Pevsner
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P. F. Slattery
B. L. Werner
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H. D. Taft
T. W. Ludlam
D. Bogert

Yale University
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