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We propose to study the diffraction dissociation
of pions into multi-picon final states, by obtaining the
missing mass spectra from the reaction:
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I. INTRODUCTION.

We are proposing to study the surface states of the pion by observing
the diffraction dissociation of pions into multi-pion final states. Such an
experiment yields information about the "surface" because, by the nature of
diffraction dissociation, we are constrained to small momentum transfers. 1In
particular, in this experiment, we propose tb use helium nuclei as a target.
The form factor for the helium nucleus will then insure that the momentum
transfer is less than ~300 MeV/c. The physics in this experiment is not unlike
that obtained when we have the collision of two carbon nuclei in which the
incident nucleus has only a peripheral ccllision and we observe the excitation
of surface waves on the nucleus (the analog of deep inelastic scattering for
nuclei would then be those collisions in which nucleons are excited into the
continuum). ° As is well known from the study of nuclei, both the ex-
citation of surface states and the study of deep inelastic scattering is
necessary for a good understanding of the physics; likewise, in order to
understand the structure of a pion, it will be necessary to obtain detailed
information about the surface states as well as detailed information about
the deep inelastic scattering. This experiment proposes to study only the
former, namely, the surface states of the pion.

This experiment is a rather simple one which is aimed at "getting
a look"™ at the various surface states which exist. Therefore, we are pur-
posely designing this experiment not to restrict ourselves in the trigger

logic , because, while results at existing accelerator energies give us some

indication of what we might expect, the extrapolation of the incident energy

by an order of magnitude will undoubtedly provide many surprises. Hence,

we are using existing experimental information as a guide, but we are designing
with very loose criteria so that new and unsuspegted occurrences will not be
overlooked.

The experimental apparatus, which will be discussed in greater detail
in Section III and IV consists of a strecamer chamber filled with helium gas.
The helium nuclei act as both target and detector. By placing the streamer
chamber in a magnetic field, it will be possible to obﬁain good momentum and

angle measurcments of the recoiling helium nucleus. We will, therefore, be
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able to obtain the missing mass of the multi-pion system which is recoiling
against the helium nucleus. In addition, the fast charged pions will be
visible in the chamber, and we will be able to measure the laboratory opening
angle. A Charpak chamber at the downstream end of the chamber will allow
us to count the number of outgoing pions and use this, if>necessary, in the
trigger. However, at the outset we would propose to take all interactions
where more than twﬁ fast particles come out. In Section II we discuss the
intuitive ideas behind diffraction dissociation, and what one might expect
at higher energies based on the rather sparse data which now exist. In
Sections III and IV we discuss the experimental set-up and the resolution
which we think we will be able to obtain in this experiment.

This experiment makes no request of NAL other than for a pion beam
and power for operating the magnet. The magnet will be supplied by the group
at Orsay. It is capable of 20 kg over a volume of 1 x .5 x .5 m3 and
has provisions for 3 view stereo photography. It is the Ecole Polytechnigue
magnet designed by A. Lagarrigue's group for use with the Ecole's heavy liquid
bubble chamber which has now been retired.

IT. PHYSICS JUSTIFICATION.

A. Background on Diffraction Dissociation.

Diffraction dissociation was first proposed by Feinberg and Pomeranchuk -
in 19531). It was then employed by Glauber in a discussion of deuteron strip-
pingz). The concept was later applitd to hadronic processes by Good and Walker
in 19603). It was this last paper which generated considerable interxest in
diffractive processes for the production of hadronic states and lead to a
considerable amount of experimental work, using both nuclei and nucleons as
targets.

The basic idea is that at high energies a particle of mass m can
dissociate into a system of mass m* with only very little momentum transfer
to the target M, such that the phase difference of the de Broglie waves of
states m and n* are degenecratesover the target. Another way of saying this
is that"as a'particle passes throughsthe nucieon or nucleus, it is a mixture

of its eigen states in “"nucleon stuff". Good and Walker pointed out that
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the absorption ¢f the m* component would result in the Frauhhofer diffraction
scattering of m*. Such a picture requires of the target that it absorb

the incoming wave and take up whatever recoil momentum is neéessary in order
tc account for the mass difference dm = m* - m. We should note in passing
that this is very much like the role of a proton or heavy nucleus in pair
production. Now from such a picture, we would not expect any change in the
internal quantum numbers (C,G,T,Y,0 = P(—l)J) of the incident particle.

(There of course could always be a change in the angular momentum state.)

We would, however, expect the cross section to be nearly constant with energy,
since in diffractive processes the cross section depends only cr the area

of the absorbing disk. In addition, the diffractive naﬁure of the interaction
dictates that there be sharp forward peaking of the differential cross section.

To summarize, we would expect for such diffractive processes:

(1) Sharp forward peaking (Fraunhofer diffraction).
(2) Small or no energy dependence of the cross section.
(3) No change in the internal guantum numbers of the dissociated

particle.

In the modern language of particle exchange medels, one would say
that a diffractive process is one in which a Pomeron is exchanged between the
incident and target particle, and since the target plays nc role in the dynamics
of the inelastic diffraction, such processes are sensitive probes of the

surface structure of the pion.
B. Existing Infoxrmation.

Coherent production of multi-pion final states has been studied in great

detail by the Orsay-Saclay-Milan-Berkeley (OSMB} collaboration using a heavy

liquid bubble chamber filled with CZFSCfQX In their experiment, the coherent

production of threce and five pion final states was observed. The momentum
transfer to the nucleus observed by the OSMB experiment is shown in Figure 1.
One notices two slopes: The first slope WéO(GeV/c)ﬁz is characteristic of
the form factor .of the nucleu§ involved, while the secon& slope NlO(GQV/C)-2
represents events in which the nucleus has been broken up; therefore,

the intecraction is an incoherent one which takes place on a nuclcen.
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The 37 and 5% mass spectra which were observed in these experiments are
shown in Figure 2. The first peak that occurs in the 37 mass spectrum occurs
near the pr threshold at 1.08 GeV/c2 (al); indeed, the OSMB collaboration finds
that the mass spectrum up to 1.4 GeV/c2 consists almost entirely of p7m final
states. They also observe an enhancement at apprcximately 1.6 GeV/czlwhich

is mainly £°w(a ). The coherently produced 57 events show a peak in the

1.6
51 mass spectrum at approximately 1.9 GeV/c2(Al 9) which, as is noted in

reference 4¢, is near the A, p threshold. In the OSMB data, although the

1
statistics are not overwhelming, there is indication of Al and p.
Further evidence of coherent production of multi-pion final states
. . . 5 . .
has been obtained by a Russian collaboration at Serpukhov ). This experiment

was performed using an emulsion stack as the target and detector. 1In this
experiment, they did not measure the momentum of the outgoing particles, and
therefore, could not cbserve the invariant mass spectrum. However, they did
obtain a multiplicity plot which is shown in Figure 3p, They found that the
number of 3 pion events far exceeded the other multiplicities. For the events
in which no nuclear breakup was observed, they found that Zi sin ei peaked
near zero, where 8 is measured relative to the beam, while for nuclear breakup
events the distribution is broader; since the Zi sin Gi is proportional to the
longitudinal momentum transfer, it is very likely that this experiment is
observing dissociation of a pion into 3 and 5 pions.

An experiment has been performed at CERN with a pion beam using
several nucleil as targets. The beam momentum was approximately 16 GeV/c.
«The fast secondaries were detected by optical spark chambers placed in a
magnet. BAnalysis of this experiment is nearly completed and privaté commun-
ications indicate that dissociation into three pions has been observed, and
the effective mass spectrum has the classical diffraction shape of the OSMB
experiment.

The apparent lack of events at the higher multiplicities in the exis-
ting cxperiments can be understood in terms of the momentum transfer necessary
to produce the final state. &t high energies the minimum momentum transfer

which is neccessary to produce a multi-pien state of invariant mass M is given
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by
2 2
q, = M - m )/2pinc .

where pinc is the momentum of the incident pion. 1In Figure 4 we show typical
minimum momentum transfers for various invariant masses and incident pion
momenta between 50 and 250 GeV/¢. The momentum transfer distribution

for interactions on the nucleus, where a pion dissociates and a nucleus
recoils without breaking up, is dependent on the nuclear form factor. This
was demonstrated by the OSMB data in Figure 2, where the two slopes clearly
show coherent recoil of the nucleus (slope of %80(GeV/C)—2), and a nucleon
recoil (slope of %lO(GeV/c)_Z). Intermediate nuclei in the range of 12 - 40
nucleons have diffraction minima ranging from 150 to 200 MeV/c. The heavy
nuclei such as Pb have the first minima occurring at 100 MeV/c or less.
Therefore, the above experiments performed either at 16 GeV/c on intermediate
nuclei, or at 60 GeV/c on heavy emulsion nuclei are not terribly sensitive

to the heavier states into which a pion can dissociate.

There has been considerable controversy over the true nature of such
diffrabtively produced mass enhancements. The question of whether such
enhancements are in fact resonances in the usual sense, or merely' v
manifestations of the kinematics of the interaction has not been satisfactorily
answered. A model known as the Drell-Hiida-Deck model has been proposed
which gives rise to threshold enhancements in the pTm system at 1 GeV/c2
(see Figure 5). In such a model the mass peak results purely from the
kinematics and has no dynamical origin. Goldhaber et al. have suggested
that a possible way to test such a model would be to measure the interaction
cross section of the pw system with nucleons7). The argument is that if the
Al system has a cross section for interacting with nucleons which is essen-—
tially that of the w-nuclecn or the p-nucleon cross section rather than
the sum of the two, then the conclusion is that the pm system does not
behave as though it were a free p and 7. The only way to measure such cross
sections is to produce the system in question on nuclei and make use of the
Glauber or high enqgrgy model in order to measure the attenuation of the

multi-pion system as it lecaves the nucleus. The details of this model have .
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been worked out by Glauber and otherss), and it is this model which has been
used with great success by Ting and co-workers in obtaining the p-nucleon
cross section from the photo production of p mesons on nucleig). Goldhaber
et al. found that when they analyzed the OSMB data in this way, the effective
Al nucleon cross section was compatible with the m-nucleon cross section,

7)

which argues against the Al being simply a Deck like kinematic effect .

C. Expectations at Higher Energies.

It is interesting to note that in the OSMB experiment the Q per
pion is approximately 220 MeV in both the 1.09 and 1.9 GeV/c2 peaks shown
in Figure 2. If one extrapolates to a 77 system assﬁming 220 MeV per pion,
we would expect the 77 system to show a peak near 2;6 GeV/c2 which is, amazingly

enough, approximately the threshold of the A + p, whereas the 1.9 Gev/c2

1.9

(57) enhancement occurs at approximately A. + p threshold. This leads one

to the interesting speculation that the pi;n is composed basically of many
p's, and it dissociates by kicking out “ope more p“". The 91 peak in this
simple model would then occur at approximately 3.4 GeV/czﬁ A gimilar conclusion
can be reached for the £°71 system, where 1.6 GeV/c2 enhancement implies a @
per pion of 410 MeV. Such a model suggests the multi-pion spectra shown
in Figure 6. The solid lines indicate the enhancements which have been pro-
duced diffractively in the existing experiments. The dotted lines indicate
the enhancements which are suggested by the constant Q per pion discussed
above. We eXpect a mass resolution of Amx = (lOO-lSO)/mX MeV/cz, where m
is in GeV/c2. This is sufficient for the spectra shown in Figure 6; however, it
is possible that the resolution may be improved. (See Appendix A.)

The cross section which has been obtained by the emulsion groups,
indicates that at 100 GeV/c we should expect approximately 2 mb for the 37

channel alone, which will be ample cross section for us to observe.

Iv. EXPERIMENTAL ARRANGEMENTS.

The ideal detector for investigating coherent production on helium
{or other noble gas nuclei) is the streamer chamber. The chamber gas serves
both as target and detector. The low density of the gas mecans that

the recoil nucleus has a range long enough to allow us. to measure
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the track curvature in a magnetic field. Belowv200 MeV/c, a recoil He
nucleus will stop in the gas, thus allowing us to use Range to determine the
mementum as well (see Figure 7). The target density is still sufficient to
give us a high trigger raﬁe. For a fiducial volume 50 cm long, we have in

He 1.5 x 1076 interactions/mb of cross section/beam 7. We envisage using a
chamber 1 meter long by 50 cm wide. It will be a standard double gap chamber,
with 15 cm gaps. A chamber of this size has already been successfully run
using both pure helium and the standard 90%-10% Ne-He mixture.

" In keeping with the large number of possible final states, we would like
to use as flexible a trigger as possible. The counters used in the trigger
logic as shown ih Figure Sa. The incoming beam direction is defined by small
proportional chambers. C4 is also a proportional chamber, used as a logic
element which allows us to predetermine the minimum number of particles
desired for a trigger. Since no recoil nucleus can get through the walls of
the chamber, the presence of particles out the sides indicates an event of
no interest. Counter C5; a combination of scintillator and thin lead sheet,
is to be used in an anti-coicidence mode. C5 is extended to cover the bottom

of the chamber as well. Thus a complete trigger for the chamber would be
Cl C2 C3 C4(X * n) C5 C6 .

The chamber will be operated with a memory time of 2 to 5 psec., using
chemical clearing. Due to the extremely high multiple track efficiency, we
do not foresee any difficulties with high beam rates or random extra tracks
in the chamber. The magnet in which the chamber will be placed is the one in
which Professor Lagarrigue's heavy liguid bubble chamber BP3 was previously
housed. (See Appendix B for details:) A fioor plan of the experimental
set-up is given in Pigure 10. |

As mentioned above the trigger requirementé are designed to be initially
as loose as possible. This will, of course, léad to a fairly large number of
pictures. This is not a serious problem however, as we plan to use our PEPR
automatic measuring machine for analysis. A developmental program to enable
PEPR to read streamer chamber film is beginning. The advantage of using a
proportional chamber for C4 is that the trigger requixement can easily be

changed during the course of the experiment. . We plan to trigger initially
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on three or more fast particles. If we then find that the majority of
our triggers contain 3 pilons, as we expect, we can use the proportional
chamber to demand five tracks and concentrate on the higher multiplicities.
Aside from the beam, and of course, water and power for our analyzing
magnet, there is essentially no contribution necessary from NAL. Our equipment
is relatively simple. A prototype streamer chamber with a Marx generator and
Blumlein already exists. As a result of the work of the SLAC streamer
chamber group, optics is no longer a problem.. Sufficiently fast film and
lenses exist and are in hand. Proportional chambers have been built
at the University of Washington and further development is in progress.
Thus, we feél that this experiment is sufficiently simﬁle so that we can be
ready as soon as there is a pion beam. We envisage 4 to 6 weeks of set-up
and testing in which only approximately %50 is beam time. This testing
can be done parasitically or even before a 0.1% w beam is available. The
beam rate needed is quite low, 105/pions/pulse would be sufficient.
We would like to collect approximately 105 events. Under the assumption
of five to ten triggers/coherent event, we are then talking about 5 x lO5 to 106
total pictures. With PEPR, this is not an unreascnably large number. The
streamer chamber system is capable of two and possibly three triggers/pulse,
if the beam rate and cross section are high enough to give us the triggers.
We would then require about 800 hours of data taking time (at one trigger/pulse).
The amount of time required will obviously be less if we can reduce the 10:1
pictures/event ratio. We plan to test ‘the efficiency of our ﬁrigger.and
chamber arrangement in a high energy 7 beam at a machine either in the U.S.A.

or at CERN if time permits.

Iv. APPARATUS.

In the following table, we list the apparatus necessary for this

experiment and by whom it shall be provided.
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LIST

UW Orsay NAL

1 x .5x .5 m3 20 kg magnet with
3 cameras

Streamer chamber

Proportional Chambers

56 -70

Scintillator Counter and Electronic
logic

PEPR for Measuring Film

Small Computer {PDP-8)

Bean, ﬂ—(lOS
Ap/p = 0.1%

- 106)/Pulse,

Power and Water for Magnet

Space Requirement of Approximately 10 - 12

Meters by 6 meters and trailer space
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APPENDIX A

The ability to reconstruct the miésing mass is critical to this

experiment. In the reaction m + He -+ He + X, the mass of X is given by
2
m = m + 2m +2m E ~2E(E +m) + 2p p cos § .
a o W o w o o

In this equation, m and m, refer to the masses of the incident pion and the
target nucleus respectively. Eﬂ(pﬂ) is the energy (momentum) of the inci-
dent beam, Ea(pa) is the energy {momentum) of the reccil nucleus, and 0 is
the scattering angle of the receil nucleus. In order to make an estimate of

what the mass resolution will be, we form the follqwing guantities:

om T + p cos 6
X o o

aP'IT mX

where Ta is the kinetic energy of the recocil nucleus,

amx 1
55—-= a——"(pmr cos 8 --SOL(ETT + ma)) ,
o X
Bmx o p, P, sin 6
26 m )
X
, Bmx
Since Ta r Py and cos 0 are all rather small quantities 55-is small.

As pr . the uncertainty in the beam momentum, is aEso small (100 MeV/c),
the uncertainty in m due to ApTT is ﬁégligible. The analysis of the con-
tributions of Apa and A6 to Amx are not as simple.Using a measuring error
in P, of 1 - 2% and an error in 6 of 1 - 5 milliradians, we find that the
error in m
n 100 - 150

X m
X

Am MeV

A more careful calculation of the resolution to be expected by measuring

the recoil alone is in progress. It must be pointed out, however, that we

do have additional constraints in the problem. The combination of the streamer
chamber and the downstream proportional chamber give us a Very accurate deter-

mination of the directions of the outgoing pions and a measurement, albeit, not
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very accurate, of their momenta. These additional data will certainly
improve our mass resolution. We are currently performing Monte Carlo

calculations in order to better determine our mass resolution.
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The magnet has been used for the Ecole Polytechnique‘s
heavy liguid bubble chamber. The chamber,which has now been retired,
operated for several years and has taken over 3 x 106 pictures.

A sketch of the magnet is given in Figure 10. '

The visible volume is 1 x .5 x .5 m®. There is additional
free space on top and bottom which can be used for high voltage
cables and anti-ccincidence counters. If necessary the depth can
easily be increased at the cost of slightly reducing the magnetic
field. There is easy access to the useable volume at the beam entry
and beam exit side of the magnet. The connection to the blumlein
can be made at the entrance as is shown in Figures 10 a,b.The present
optical system has a total stereo angle of 29°. The maximum magnetic
field is 22 kg at a current of 7,500 amps, and a voltage of 575 wvolts,
which implies 4.3 megawatts of power. Under these conditions cooling
the magnet requires a water flow of 77 m®/hour at a pressure head of
25 atmospheres. The temperature rise 1is then 50° C.

For this experiment a field of about 17 kg requiring only approxi-
mately 2 megawatts cf power (see Figure 9) is adeguate. Then maintaining
the same At (temperature rise) a water flow of 35 m3/hr would be sufficient.

Under these operating conditions we would require 5,000 amps at
400 volts: however, since electrical connections of the pancakes are
accessible, it is possible to match the magnet to a generator of

different characteristics.
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Figure 5, Diffraction Dissociation Diagram. For this

X* = p.

case the X

T,
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Figure 9a:

Figure 9b:

On-line histogram of chamber resolution. Deviation/
degree of freedom for all attempts at track fitting.
Each bin represents 0.002" deviation.

On-line display of distribution of counts in the
trigger hodoscope (H4) at the downstream end of the
- forward leg of the spectromcter.

62/



Figure 9c:
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On-line display of four views of a K°® decay detected

in the forward spectrometer. To the left are the
views before entering the magnet, plan view at the
bottom, elevation at top. To the right are similar
views after the magnet. The bright, short horizontal
lines represent the spark positions in the chamber
gaps; the dotted lines through them are the tracks
fitted by the computer. On each track in the bottom
righthand view, the short vertical line representing
the size df the trigger counter in hodoscope H4
struck by the pion can be seen. The vertical lines
at the left of each view are rulers for calibration,
representing 10 inches (total length) in all views
except the lower righthand view, where the ruler is
75 inches long.



Figure 94d:

On-line display of an event showing a plan view of
all the chambers. The beam enters from the left.
The event has a K° decaying after passing .the first
chaxber of the forward arm (the opening angle is too
small to be resolved on this display photograph).
The decay pions are bent in opposite directions by
the 48D48 magnet which is between the two sets of
chambers represented by vertical lines on the plot.
The last two vertical lines at the right are the
trigger hodoscopes H4 and H4'. The horizontal lines
represent the recoil arm chambers which have detected
one large angle, low momentum track.
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Figure 9e:

Figure 9f:

Similar- view to Figure 9d of an elastic scattering
event used to align the recoil chambers.

A more typical picture including many old, out-of-
time tracks as well as the scattering event which
caused the trigger.
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Figure 10:

Figure 1l:

Pb-215

The proposed MK I(a) differs from the MK I in that the
120D36 is placed crosswise along the beam line, and.
the hydrogen target is placed inside the magnet and
surrounded by digitized spark chambers and proportional

chambers. The solid angle for the recoil Vee is greatly
increased (~ &4r), but the same limitations on solid
angle for the forward Vee as in the MK I remain. This

system is considered generally only a limited substi-
tute for the MK I(b).
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One of the proposed setups for the MK I(b)using the 0kg
MURA magnet, which has a field volume of about 15 feet
in length, six feet of usable field width (8 feet
physical width), and four feet of vertical height
between the poles. The particles emerge in the forward
direction and are detected by spark chambers, trigger-~
ing scintillation hodoscopes (or proportional mode
chambers) and Cerenkov counter hodoscopes.
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Figure 12a: The proposed MK I(b) arrangement with x, w; and w,
wires being read out through the striated top.
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Figure 12b: An end view of the MK I(b) readout arrangement. w
and w, (45° inclined) wire planes alternate in the
arrangement. '



Figure 13:
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Figure 14:

Momentum resolution versus momentum for MK I(b).
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Figure 16: The MK II preceded by a cylindrical magnet (i.e.,
field along beam) for analyzing wide-angle particles.



Table I:

DATA ACQUISITION RATES AT 15 BEV/C

- = -
Reaction ae 88007 Events/100 Hours POV G 07 1 O o L

p - Kb 10 2 x 10 ~ 25% ~
o% u 100 1 x 108 —— -
% 1 I ——-
% Pt 1 1x10* xo

n4n- X4ET 1 3x10°x0

+p - E‘.’; o 30 1x 10: ----- fa—
K +n 100 1x100 0 esmea e
SN 1 2.5 x10% x0 ~ 252 ~ 3

PHo~ R+A * 8x0 ~20% ~ 32
0 1 6xq ~ 200 -7

g - KO YTOD 1 sx10? xa
oo B 300 4x10 ~ 10X -~
O ? 22108 xo 102 a

AP A 2 4x10% x'o

g~ 8 20 110 ~0 ~m
S ol s0 1xi0 i -~

e 0 K p 30 1210 ~ 607 10

ptpo B W t 1.5 x10° x9 t o awm 3%

* <= Typical Value at [t| ~ 0.3 (nev)z

The event rates shown are approximate estimates in
events/100 hours, starting with t=0. Obviously, in

experiments detecting recoil particles, there will be

a minimum useable t-value typically ~ 0.1 (GeV/c)z, and
depending upon the t-dependence, the resultant useable
rate will be accordingly reduced. The range of incident
momenta available in the beam is typically 8-25 GeV/c.
Obviously, the rates per pb will decrease at the lower
momenta and increase at the higher momenta due to
changes in detection efficiency. Suitably detailed
information along these lines can be provided to users
upon their written request outlining the programs they
are interested in.
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Estimated Resolutions (~ HWHM) of MK I

TABLE

II

(10-20 Gev/c)
tart of ; Momentum A8 in 4L Mass (forward A Mass(Baryon
ystem ! Resolution m.r. Vee) in MeV Recoil)in MeV
[ncident!
Beam | £2<0.2% ~ 0.3 15-25 MeV
' p + 0.1
Detectors
Forward f A Typically 25-35 MeV
Vee | -2%0.25-0.57, 2-4 MeV (estimate)
Detector ; . (for K°) .
Dverall
Forvard | 4.3-0.5% 30-50 MeV
Jee and
gean i
' |
llide . ]
Angle é2-~,1 to t)plcallx
P several !
Jec e,
» several % m.r. l
. |
pverall ' 15-20 MeV
bystem
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RECENT THEORETICAL DEVELOPMENTS ON INCLUSIVE
DIFFRACTIVE PROCESSES

Addendum to Proposal #86

Spokesman: H. J. Lubatti
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SUMMARY

Recent unpublished theoretical developments by Abarbanel, Chew,
Goldberger and Saunders at Princeton and DeTar, Jénes, Low, Tan, Weis
and Young at MIT have demonstrated the importance of studying diffrac-
tion dissociation in order to understand one of the most puzzling notions
in the theory of strong interactions, namely the role of the vacuum or
Pomeranchuk coupling. In this addendum we discuss the relation of these
new theoretical developments to Experiment4+86which proposes to study
in a simple way diffraction dissociation of a hadron by using a helium
nucleus as a target.

Recall that Experiment #86 plans to use the helium streamer
chamber as a “living target"; that is, the helium gas in the chamber
serves as a target as well as a detector of the recoiling helium
nucleus. Measurement of momentum and angle of the recoiling helium
in the chamber allows us to calculate the missing mass of the dissO-
ciated hadron system. In the original proposal we stress the signifi-
cance of studying the states into which a pion dissociates. We étill
feel that it is an important part of our experiment; however, what we
wish to discuss in this addendum is a slightly different region of the
missing mass spectrum which we obtain automatically: namely, the high
missing mass region where there should be no resonant structure. It
is this region which the above theorists have studied in great detail.
In particular they have found that the interesting quantity to measure
is the differential cross section do/dtds' for £he inclusive reaction
T + He - anything + He, where s' is the mass squared of the hadron system
labeled above by "anything".

We emphasize that these new theoretical ideas involve data in a
kinematic region that was already covered in the experiment already pro-
posed. Therefore, we are not discussing any change in the gxperimental
apparatus or running time, but rather the heightened interest in a part
of the data we shall obtain. In fact, the inclusive cross section is the
easiest part of the experiment to analyze, since it does not require any
information about the multiplicity of the fast particles. We need only
meaéure the He recoil and calculate a missing mass.

In the following we discuss the ‘importance of diffraction

dissociation and summarize the new theoretical developments.
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DETATLED DISCUSSION

Diffractive processes, which have long played a prominent role
in elementary particle physics are the most simple processes to study,
but at the same time they are among the most difficult and challenging
phenomena which we have encountered. In attempting to explain such
rhenomena in terms of exchange models, we have been forced to the con-
cept of the vacuum exchange ox, in the Regge model langdagq the exchange
of the Pomeranchuk trajectory. Such a concept, while preserving the
basic ideas inherent in the exchange model, presents some difficulties.
The chief problem has been that while other trajectories all have known
particles lying on them, there has not yet been_observed a particle
which unambiguously can be associated with the Pomeranchuk trajectory.

In addition, the original conjecture that a (0) is equal to 1,

Pomeron
never has been adequately tested in the energy range available at
existing accelerators. |

Experimentally, we can define a diffractive process as one
in which no internal guantum numbers (B,Y,T,G,and 0 = (—l)JP) are
exchanged. This simply means that for the process 1 + 2 - 3 + 4
particle, 1(2) and 3(4) have the same internal quantum numbers.
Elastic scattering is an obvious example of such a process. Another
example of such a process is p + p > p + N*, where the N*'s are the T =~%
isobars. Another example which has been obse€ved is the production
of the Al and Q mesons. All of the data which have been obtained
at existing accelerator energies have merely served to wet our appe-

“tite about the true nature of the diffractive process. The amazing
result that an inelastic diffractive cross section remains constant
with energy suggests that at NAL energies diffraction dissociation

should become an important if not the most important phenomenon in

strong interactions.

Recent theoretical work by Chew, Abarbanel, Goldberger and
‘Saunders at Princeton ;), and DeTar, Jones, Low, Tan, Young and Weis 2)
at MIT has given considerable insight into the question of diffraction
dissociation. The‘crucial observation of the Princeton group has

be&en that in order to better understand the vacuum coupling one
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should study inclusive diffraction dissociation reactions, and not
quasi-two-body processes. The importance of this observation is
greatly enhanced by the fact that experimentally it is much simplier
to study inclusive reactions than it is to try to pick out specific
‘quasi-two-body channels. Now, in fact, we know that all of the
quasi-two-body production data which we have accumulated.in the past
ten years has served only as an indication that there is validity

to the exchange model, but has not given us any profound insight
into the theory of strong interactions. What we have learned is that
at higher energies quasi-two-~body processes become less important

" because of the 1/sP® dependence; with the exception, of course, of
those processes which are diffractive.

The particular theoretical process which has been studied
in detail by the Princeton theorists has been 2 + farget - anything
+ target, where A is a high energy hadron. The only requirement for
the target is that it simply take up the recoil momentum necessaxy
for conservation of energy when the incident particle changes its
mass to some effective M2 = s'.,  Diagrammatically, this 1s demon-
strated in Figure 1. Since precisely this process is mediated by the
Pomeron exchange, it is quite obvicus that a detailed study of such
a procéss will serve as a test for any theoretical model which pur-

ports to study diffractive processes. The Princeton theorists have

Figure 1
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been able, to relate this process to a fundamental notion in the theory
of strong interactions, namely that of the three Pomeranchuk vertex.
Such ideas have also been discussed by Gribov 3) and others, but
the more recent work of Abarbanel, Chew, Goldberger and Saunders b
- makes explicit statements about what one should expect from such
inclusive reactions and their profound relevance to the theory of
strong interactions. The salient result found by these workers is
that the inclusive diffraction dissociation cross section at large
missing masses (i.e., large s' in Figure 1) is proportional to
vﬁTTTiggﬁif ; Therefore, in this experiment where we are measuring
the cross section for the reaction m + He - anything + He, we are
measuring aP(O). It is this fact which I have referred to as an
amazing discovery because heretofore the only way we thought we could
learn something about the intercept of the Pomeron at t = 0 was to
study the energy dependence of the total cross sections, and since

we expect that 1 - aP(O) is of the order of 0.0l or smaller, we would
have to cbserve an energy dependence of the total cross sections
which goes as l/s(O'Ol). Needless to say, such an experiment would
require extraordinarily precise cross section measurements with ex-
tremely fine granularity in energy; however, since in the inclusive

T + He reaction we measure the square root of -1 - aP(O); a 1% effect

st

in the total cross section becomes a 10% effect in this experiment.

In the following we give a summary of the relevant formalism developed
by the Princeton group.
The theoretical developments alluded to above have demon-

strated that in the collision shown in Figure 1, taking target = He

and A = m, the cross section can be asymptotically represented by
2 a_(0) 2a_{t)
2 do . - 1 R sy P
°" ds'at (s', s/s') 16nm BHeP(t)l Bp (01 9ppp (8) (1) ) e
large

The normalization of the vertex factors is such that # + He - 1 + He

ggs the asymptotic form

el
2 Pme 1 e R
dt s large 16w | HeP P :

(1)
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The quantity gPPP(t) is the triple Pomeranchuk vertex function, and
it is this quantity which Chew feels is of central importance in the
1)

theory of strong interactions . In particular, the Princeton theor-

ists show that

- 1 1
n. =

S S 2 -
P~ Ter 20 (0) pppl@1° s 1 - ay(0) . (3)

If we integrate over t and then normalize Eq. {1} to the elastic

cross section Eg. (2), we find the following relationships

1 do . Ippp (@ /16“20")“1: @)

1 !~ ry ~ =i .
0el dins (s , s8/s )_ o / a
large T L

Therefore, we can estimate the experimental effect we would observe

by taking np to be of the order of 0.0l and a' = %; Ot is known to
) i
be approximately 15 mb. We find that
1l do -
o&L dins' ° 0.1 .. (5)

We have also calculated, using the Glauber model, the elastic
T He cross section to be apbout 11 mb at 100 GeV/c; hence, we expect
do/dlns' to be of the order of 1 mb, which is easily detectable in our
expgriment. In fact, in our recent supplement to the proposal, which
delt with triggering rates, we estimated conservatively the total
T He coherent production cross section to be 3 mb. ‘Thus, the result
in Eq. (5) is not unreascnable, since our 3 mb estimate also included
resonant structure in the s' mass distribution. What Chew and co-
workers are calculating is applicable to 1large s' where the resonant
structure has damped out.

Note that if qPPP(O) = 0 then we would observe a decrease
of (or absence?) of events at large s'. This, in itself, wculd be

‘an important discovery. For example such a result would exclude cer-

. . . 4
tain proposals which have been made about the Pomeranchuk trajectory ).
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Even more significant will be a study gPPP(t) as a function of t. We
will be able to measure the momentum of the He recoil to approximately
2 MeV/c (recall that the He 'stops in the chamber), and hence we will
have precise momentum transfer distributions at small values of t.

We remind the reader that the above theoretical predictions
apply only to the region of large s'. 1In the resonance region (small s')
we will apply the analysis we have discussed in detail in the proposal.

‘It is to be noted that because the above theoretical arguments
stress small momentum transfers, the nuclear form factor which restricts
us to small t values makes the nucleus a better target than a nucleon.
For example, we expect the He form factor to give us approximately an
e40t dependence in momentum transfer, while a nuclecn gives an elOt
dependence. Another important point is that the above aréuments do
not depend on the exact nature of the incident particle, only that it
be a hadron. Hence, protons will be as interesting as pions, and the
final choice of beam particle should best be left to the convenience
of the scheduling committee, although we confess to having a historical
preference for pions.

In conclusicn, this simple experiment measures a profoundly
important quantity, namely the diffractioﬁ dissociation cross section
of a hadron dissociating into anything. This cross section has already
been related to ng which measures the strength of the three Pomeron
coupling which in turn is related to the intercept of the Pomeranchuk
trajectory at t = 0, and is therefore a parameter of central impor-
tance in the theory of strong interactions. Because such measuremenfs
require that both s and s/s' be large, it is necessary to perform

these experiments at NAL. We stress once more the enormous role

which diffractive processes play in the understanding of strong inter-
actions. Therefore, we feel that an experiment which is simple in
nature and can give results which are relevant to new, exciting

theoretical ideas should be done as soon as possible.
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