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ABSTRACT

We propose to study n~ d interactions at 200 and 400 GeV/c
in the NAL 30-inch bubble chamber. We will measure cross sections,
charged particle multiplicities and momentum and mass spectra for
n- 0 jinclusive reactions, pion diffractive dissociation and
neutron diffractive dissociation. We will search for the increase
in the deuteron "screening" effect correction as predicted by
Sidhu and Quigg. h
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I. Tntroduction

We propose an exploratory cxperiment to study diffractive dissoci&ﬂiﬁﬁ'

and n n inclusive final states in n”d interactions at QOO‘GCV/C and 400 GeV/e.
the experiment would be conducted in the NAL 50-inch bubble chamber filled with
deuterium. A limited exposure of 50,000 picturcs at each energy will yield

important information on cross sections, charged particle multiplicities and
the mass spectrum of diffractively produced systems. The bare 30-inch bubble

chamber is sufficient for this experiment. However, if a downstream spectro-

meter system is available, we would pdypose to use it to detect fast outgoing

tracks which cannot be accurately measureé in the bubble chamber.

II. Physics ' -

The purpose of this experiment is to utilize the propertieé of a deuteron
target to look at phenomena which cannot be easily étudied on protbns. These
are: (1) inclusive reactions such as 5+ n-x#+ anything, (2) diffractive
dissociation of the neutron, and (3) diffractive dissociation of pions on

deuterons and (4) a possible increase in the deuteron "screendng" correction.

Inclusive Reactions

Despite the existence of data on n p inclusive reactions, it is no less
_-compelling that x n processes should also be studied. The n +4n topological
cross sections can supply missing information on the odd-number charged particle
multiplicities. These results can be compared with the even-number distribu-
tions from x P interactions to see if they iit~into the odd-number gaps,

consistent with XNO scaling.

e

The single » inclusive spectrum can give information about the role of
isospin in the inclusive dynamics. By studying the fragmentation of the
'neutroq

’ ton™+ anything ' ()
and the corresponding. proton data, a comparison of
(n~en"+ anythinb)w(p-¢n++ anything)
(n~—prc™s anythlng) (ppn”+ anything)
will providc a test of I=0 exchange dominance

(2)

Cro”n Sections and Statistics

The n n inclusive cross scctions should be comparable to the n p data.
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At 200 GeV/e, @ (x°p) is 2h.0% 0.5 mb. 1) Subtracting the elactic cross
section (3.26 mb) leaves 2L mb. At L4-5 beam tracks per picture, we cstimate
~A»10,000 interactions of all multiplicitics at cach energy. These x™n events
arc characterized by an odd munber of charped tracks with or without a slow
spectator proton. A large fraction of the spectator cvenls can be casily.
distinguished from either preoton or deuteron interactions since the spectator
will be emitted at backward laboratory angles.

Diffractive Dissociation

Diffractive dissociation is ore of the most interesting phenomeﬁa which
has been encountered in strong interaction physics. It is a manifestly inelaclic
scattering process which has properties such as angular distribution and.
energy dependence that are nearly identical to those of elastic scattering.

It does not fit neatly into either the purely elastic or inelastic categories
and it is therefore one of the least well understood scattering reactions.

Recently, new experimental results from NAL, Serpukov and the ISR are
beginning to suggest that the cross section for diffractive dissociation is
as large as that for elastic scattering. In addition, the first NAL bubble
chamber experiments indicate that the chérged particle multiplicities of
diffractive reactions mey be extremely important for understanding new resultis
in inclusive reactions. The diffractive multiplicity is found to be completely
different from that of ordinary mulﬁiparticie production. This has led to the
idea of two»compqnent theoretical models which contain both a diffractive and
2 nondiffractive or multiperipherai part.g) The multiperipheral component
is thought to be undecrstood theoretically but little is known about tﬁe very
high energy bchavior of the diffractive ccntributién, either theoretically or
experimehtally. These two components are difficult to separate in the'present
inclusive data; it is therefore important to perform new experiments in which
only diffractive dissociation can occur in order to study the exact nature of |
this process at higﬁ energles.

Coherent Production

A well-known technique for clcanly separating pion diffractive dissociation
from other processes is to study coherent production on a deuteron or other
heavy nucleus target. TFor the inclusive reaction |

o 1T+ d-» + x” _ 3)
the recoll deuteron remains intact dniy if the x~ system‘is coherently
produced. This imposes several vory imporﬁant restrictions on the x~ system

and the exchange mechanism.  The internal quantwn numbers of x must be the same

-



as those of the incident x and the spin=pority scrics must be the same.  The
G-parity of thc pion is also conserved which means only odd munbers ol pions
arc diffractively produced. These are just tht known propertics of dilrractive

dissociation. A much more important restriction is obviously that the momentum

q = szg/Q_ng
(%)

must be small, where M is the mass of x and p TAP.is the incident beam momenbum.

. transfer to the deuteron,
»

The above two requirements preferentially enhance diffractive dissociation
over all other mechanisms in coherept production. Any reaction which involves
a change in quantum numbers or large momentum transfer (e. g. due to spin-flip
coupling) is suppressed.

The requirement that ¢ be small is also essential for identifying diffractive
dissociation events. A significant fraction of the observed events will be
interactions on a proton or neutron rather than the deuteron. Since it will
be extremely difficult to measure the momenta of all outgoing tracks at 200 Gev/ec,
there will be some difficulty in identifying deuteron'tracks in the bubble
chamber pictures. The usual kinematic fits (e. g. SQUAW) may not be able to

separate deuterons from protons. However, the momentum-transfer dependence

ST At
g ~E
: ()

for coherent production has a very steep sldpe, A 2 40 Q.g\/f because of
the deuteron form factor. The recoil protons, on the other hand, come from
non-coherent reactions involving breakup of the deuteron and therefore have
slopes of 8-10 ﬁev .« Thus, the coherent deuteron events can be selected by
choosing only small t values, e.g., t< o0.05 eV

The properties of coherent production therefore make it well suited %o
study at very high energies in a relatively small bubble chamber. Most.of the
- recoil deuterons are expected to stop in the chamber and their momenta can be
accurately measured from range and curvaturc.. The slope of iq7dt is thus very
well determined by the measurement of a sihgle slow track in the bubblc chamber.
All previous experiments on coherent production have been limited:in |
their ability to study high masses and therefore high multiplicities because
of the low energy beam. However, at NAL energles, the requirement that q be
small can be easily satisfled for very large masses of the diffracted systom
x. From eq. & (&), we can sece thut,at J[zM{W-ZOO G«:\f/c,ican be restricted to
values of 0.05 GeV > or smaller, and masses of O GeV and greater can be produced.

This may be relevant for understanding the rise in the total cross scction

- wmkr
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reeently obscrved at the ISR. Since the cause of the rlse is unknown, it is
cleérly important to scc if it may be coming from processes which were in-
accessible to-study at low enerpies. Diffractive dissociation into hiprh mass
states is one of these proeesses since it i1s strongly suppressed by the nuclear
form factor at low energies. This process has also never been studied in
hydropen bécause of the difficulty of scparating it from the many inclastic
channcls., ‘

The Seattle group has been studying diffractive dissociation in TF'A
interactions at 15 GeV/c:3 The Polish groups have photos of 25 GeV/e -4
interactions in a 2m bubble chamber. Thus, in a simple bare~chamber experiment
there will result preliminary information on the behavior of diffractive
dissociation over the energy interval 15GeV/e 4o L#GC(;(\Z In particular, the
quantity'éq/&{bs' s where s' is the mass sduared of the dissociated system,
will be studied for inclusive diffractive dissociation. This double differential
cross section is believed to be a measure of the three-Pomeron coupling. Thus,
this experimeﬁ% will give preliminary information about the three-Pomeron
coupling. Because of the deuterium target, there will be no contribution
from isotopic spin one exchanges)which fact considerably reduces the number of
three-Reggeon couplings. |

Neutron Diffractive Dissociation

Deuterium is useful for the study of diffractive dissociation of neutrons.
‘The dissociation. : -
w -7 Y).;,“ir )

is known to have a lé.rge cross section(‘?l@ﬁid\a)at lower energiés. The

related processes in hydrogen, .
P piw’
P2 ni W

arc both 2-prong final states and much more difficult to separate from elastic

ORI

scattering at 200 GeV/c. The neutron dissociation will be easier to identify
since it will satisfy a U-C it in most cases. This wili also make it easier
to measurc the higher multiplicity states, such as v POwT, PRV, ete.
At lower cnergies, meson diffractive cross sections are known to be
larger than nucleon diffractive cross sections. The study of higher multipli-
_city states for both the pion and ncutron at 200 GeV/c may provide further

information that has been missing at lower energles. ’

-

Croas Scetions and Statisticen

According to various two~component model analyses of NAL and Scrpukov
data, the total diffractive cross-scclion may be as large as =4 mb in x7p
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at 200 GeV/e. Less than L mb of this has been identificd in §)and h-charged
prong final states in a recent NAL bubble chamber cxperiment, ‘

Lower cnergy data indicate that 1/3 arc nucleon dissociation and 2/3 arc
‘pion dissociation. Thus we expect ~ 1 mb for nucleon diffractive states and
~ L4 mdb for pions, where we have scaled by a factor of 2 for the deutcron targct.
At -5 beam tracks per picture, we estimate ~500 nucleon events andv»QOOO.pion
events at cach energy. Approximately 1/2 of the latter will have a deuteron

recoll which is too short to be seen in the bubble chamber.

Deuteron Screening Corrections . *

Serpukov data show a rise with incident energy in the deuleron screening

T (d) = @ lop) 335 rn) - A0 &1

The rate of increase form §0 to 60 GeV/c incident momentum may be param-
elerized bl Wl

e (139 oo (Tag /loave) ) wb

Sidhu and Quigg have computed the additional screening corrections that would

correction,éﬂ) defined by

arise from inelastic rescattering involving intermediate states reached by

Jiffractive exclitation. Their result for the rate of increase is in agreement
with the trend of the data. Additicnal data at higher energies would help
to clarify this effect. A

The difference between 4T at 400 GeV/c and its minimum value at ~30 GeV/c

is about 3 mb if the trend continues. We expect thét the total ﬂi} eross
section can be measured to an absolute uncertainty of #2 1/2 percent, or *1 mb.
Thus we can expect to confirm this continued rise to 400 GeV/c at a confidence
level of about 3 standard deviations.

III. BExperimental Apparatus

The film will be scanned in parallel at the four laboratorics. Among
ﬁhem, there are 10 scanning tables,availablé. These scanning tables will be
operated IO hours per week and we estimate the total experiment can be doublce-
scanned in less than 2 months. ‘

The VIL owns an Astrodata PEPR measuring machine connected to a PDP-10
computer. This system is used exclusively for bubble chamber data processing
by the VIL. The PEPR system has already measured 40,000 x @ events from the
SLAC 82-inch bubble chamber, so that no changés willl be neceded to mcasure thoe

“NAL experiment. By using the new VIL vertex guidance technique, we can measurc
Lo events an hour if all tracks need to be measured. ‘The low multiplicity pion-
ditfraction cvents can readily be handled by PEPR.

In addition, the Institute of Nuclear Thysics at Cracow has a "Sweepnilh"
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e
sutomatic measuring device, and the Davis group has access Lo the LBL spiral
reader.

Special classcs of cvents may be measured on manually opecrated machincé
. if neccessary. Awong the four collaborating groups, there exist 6 film-plane
nmeasuring p;ojectors and image~planc digitizers. Four of the film-plane
devices have automatic track-following features. '

- Thus, the collaboration possesses “the gntire spectrum of measuring devices.

available today. If any one of them offers paiticular advantapges for this
film, that device is available to us.

Adeguate computer facilities arc available. The Cracow group and the
Warsaw group ecach haxy a CDC 65003 the VIL has its own PDP-10, and the Davis
group has a remote batch terminal accessing the LBL CDC7600 system.
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