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SUMMARY

We propose a 500 K picture exposure of BEBC to a 70 GeV/c
K+p separated beam using the External Particle Identifier. The
present proposal replaces and updates all previously submitted
proposals and/or lettersof intent for 70 GeV/c K+p physics in
BEBC.

The most important topics of current physics interest which
will be studied are: K -diffraction dissociation, inclusive dis-
tributions for K+, K“,n—,n+,A, D, Kx(890) and 47" and their cor-
relations, reaction mechanisms in specific exclusive channels.
For all these topics the E.P.I. is of fundamental importance.
Exploratory topics in our request are searches for remaining
two-body reactions (due to Reggeon and/or Pomeron exchange) and
searches for charmed particles.

Cur request is for 500 K pictures with an intenslty of approx.
8 K''s per picture. This would yield 235.00C0 K+p-interactions in-
side a 'small! fiducial volume of 1 meter length; using a maximum
fiducial volume of 3 meter (e.g. for particle searches) the expo-
sure is equivalent to a 40 events/ub experiment. The collaboration
has (from Jan. '77 onwards) a yearly capacity of approximately
200.000 events/year, Taking the film in batches would be accept-
able to the collaboration but in order to set up the chain of
scanning measurement, data processing and analysis, it would be
very desirable to take a first, relatively small, batch of pie-
tures at an early stage of BEBC-SPS operation. Some physics re-

sults may already come out of this first sample.
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INTRODUCTION

A systematic study of hadronic interactions induced by
different incident particles is a logical and interesting starting
point for the BEBC hadron program. The presence of an RF-beam and
the fact that FNAL 1is now exploring the n p and pp-interactions,
places ﬂ+p, K*p and pp among the most urgent and most interesting
fields to be examined with the BEBC RF-beam. No RF-beam is at
present foreseen for FNAL; plans for enriched K-beams into the
30" chamber (using for K+, nuclear absorption techniques) do
exist but will result in experiments typically a factor 25 to 50

(1)

lower in statistics than the one requested here In addition,

the possibility of performing the exposure at CERN using the Ex-
(2)

and quality of our experiment.

ternal Particle Identifier greatly enhances the possibilities
Our preference for a K-beam (and in particular a K+-beam)
is connected with the physics we want to study as well as with
the fact that several of the participating groups have been and/
or will be invlcoved with K+-bubble chamber physics., Study of meson-
proton interactions has the advantage over pp-interactions of
asymmetry both in the,initial and final state, allowing the explo-
ration of the full (i.e. unfolded) phase space. Over 7n-p interac-
tions study of K-p interactions has the advantage that the identi-
ty of the beam particle is more easily traced in the final state
and that detection of K; makes more fit channels available, K+p-
interactions in particular, become 'asymptotic' (and start to
show the cross-section increase mechanism) at lower momenta than
the corresponding K p-processes. Finally a run at 70 GeV/c would
not only use the highest available K*-momentum of the West-Hall
RF-beam, it would also be a good continuation of the CERN-PS
16 GeV/c experiment by the CERN-Birmingham-Mons-Saclay-LPNHE
(Paris) collaboration, and the Serpukhov 32 GeV/c experiment by
the French-Soviet Union and the CERN-Soviet Union collaborations.
The s-variable of the experiment (s=132 GeV?) is enough higher
than the values 16 and 32 GeV/c (s=31 GeV? and s=61 GeV? resp.) to
provide valuable information on the approach to scaling. It also
provides a good connection between the 16 and 32 GeV/c experiments

and the {lower statistics) FNAL-experiments.



The main purpose of the experiment woﬁld be the study of
K+p-reaction mechanisms, Since reaction mechanisms are probably
better separated in phase space at higher energies, we expect
interesting information by studying in the same data, inclusive
distributicns up to at least second-order correlations on the

one hand and the (accessible) exclusive channels on the other
hand. In addition the bubble chamber is still the ideal in-
strument for the detection of new processes and the collection
of wide-band data. There is always the challenge of the explo-
ration of the unknown and a fair chance that the data will be
a useful testing ground for ideas and effects which are not
known yet but which will appear in the foreground during the

forthcoming years.
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PHYSICS MOTIVATIONS

In this section we will discuss our physies motivations in
a logical order, which is not necessarily the one of physical
importance. Qur most important goals are the study of diffrac-
tion dissociation and second order inclusive processes; both
topics should be studied using the EPI. An overall a priori
remark is that a detailed comparison between reactions induced
by K™ and K~ will be of particular interest(*). For this purpose
our collaboration wishes to keep in close touch with the gEroups

working with incident K at the same incident momentum.

Multiparticle Distributions and Topological Cross Sections

For charged particles we expect (essentially already on the
scanning level) complete information on the topological cross-
sections, multiplicity distributions, the average (charged) mul-~
tiplicity <n,>, the dispersion D =(<n > - <nc>2)%, the ratio
<n,>/D and the (integrated ) correlation funetion 2. With some
measurement elffort the same information will become available for
K®, A, v, and a study of the complete multiplicity distribution
(charged and neutral particles) will become possible. All these
quantities may be obtained rapidly, by scanning and limited
measurements, from a relatively small sample of photo-
graphs. The present situation in terms of o-topological - known
up to 32 GeV/c - is summarized in fig. 1 (taken from ref, by,

Multiparticle distributions are of great importance in under-
standing hadron reaction mechanisms. In first approximation there
are striking similarities between the distributions observed with
different incident particles<5). However a closer examination
reveals that there are significant systematic differences (Fig.2-
5)(5)(6). It will be interesting to follow the behaviour of these
differences up, to 70 GeV (and higher). A specific point on which
the topological cross-sections and associated quantities may shed
light is the mechanisms responsible for the rise in the total
cross-section, a mechanism known to be effective already at rather

. ; + . .
low energies in K p interactions.

(K)An example is the reaction Kip - Qip(j)
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b. Inclusive Reactions (1st and 2nd order)

Inclusive reactions which may be studied readily are:
K+p + K? + X

+
Kp~ Psiow

K+p + 0 + X

+ +4+

K+p > A slow X

K'p » K¥* + X

L(K°n—)

With the use of the E.P.I. the reactions:

K*'p » x¥ 4+ x

K'p > 1"+ X

+

Kp » pfast + X .

will become accessible. Results on the role of the K as a leading

+ X

particle and comparisons with p, n+ will be completely new. Here, —
as in reactions with forward emitted p, ni, A, A, etc.sthe advan-
tages of BEBC equipped with EPI over smaller chambers will be

striking; the fast forward particles may be disentangled over a
long path and identified. Approach to scaling, triple Regge-model
interpretations, mass-dependence of the multiplicity of X, charge
and strangeness transfer distributions, etc. belong among the most
interesting subjects which can be studied with these data. Compari-
son with pp-results will yield more information about factorization.
The most interesting second order inclusive processes which
can be studied are:
K+p > KO0 + X
> Kon' o+ X
» k'r” + X | with EPI
> K+ﬂ+ + X
Some properties of two-particle correlations between (like and un-
like) charged secondaries in the fragmentation and central repions
are known(S)(Y?; the correlation between charged and neutral parti--
cles, between strange and non-strange particles or between identical
K's and between non-identical (exotic)pairs (such as K'z") have hard-
ly been studied yet and are accessible in the experiment proposed
here, To examine higher order correlations in momentum, azimuth and
hemisphere, we will make use of the recently develcped 'cluster'

(8)

searching techniques
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A special example of 2nd order inclusive study will be the
determination of the total and topological K+n_ cross sections by
means of a Chew-Low extrapolation applied to the reactions K+p+A++
+X(9). It would be useful to study these reactions at higher ener-
gles than presently available; besides the significant increase
in the mass of the Kn-system, this would at the same time allow a
better accuracy of extrapolation due to the smaller value of

toin (P ISAS precisely for these higher mass Kr-systems.

Diffractive Reactions

Diffractive phenomena will be studied both in exclusive and
inclusive channels. The constancy of the diffraction cross-sections
with increasing s will make the study of these reactions (quantita-
tively) one of the most important topics in our experiment.

The inelastic diffractive channelsp »+ pw, pnn, ... observed in
the FNAL 30" bubble chamber experiments, may be similarly studied
here in the backward c.m., hemisphere, allowing compariscons to be
made. More specific however to the present exposure is the study
of the K -diffraction,

The low-energy K-diffraction shows three major structures;
the Q-bump, the K (1420) and the L-peak. The KX(1L20) is a bonafide
resonance, whose {diffractive) production is not definitely esta-
blished yet, but would violate the Gribov-Morriscn rule. The Q- and
L-peaks are ncot simple Breit-Wigner resonances but more complicated
objects; the data do not rule out however that part of these struc-
tures are due to normal resonances; other possible (non-resonant)
contributions are Deck-type amplitudes. Their decay modes as well
as their spin and helicity=-structures are complicated and confusing(x
Based on a p-n energy dependence (n=0.2) we expect a Q+ production
cross-section at 70 GeV/c¢ of the order of 75ub (or “000 events for
the exposure reguested). Studying the @ (and L) enhancement at sub-
stantially higher ncmenta will result in a dynamically different
mixture of the various possible contributions on top of a smaller
background, and could be helpful in disentangling this puzzle. In

these studies particle identification will play a crucial role {(i.e,

(%)

The Q-region 1's k*r state shows t-channel helicity conservation;

the 178 Kp state s~channel helicity conservation(lo).
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in performing fhe JP-analysis on the Kyy~states). This same par-
ticle identification will also allew a study of K-diffraction into
KKK and allow further compariscns between Knrm and KKK diffractive
final states.(ll)

The K'-diffractive dissociation data will also be used to
check excitation into high-mass Krmw systems; for an incident mo-
mentum of 70 GeV/c, masses up to 3.5 GeV are observable at |x|=0.9.
In exclusive (4C) channels higher spin waves and linear spin-mass
relations can be studied. In the inclusive channels the data will
be examined for triple Pomeron-contributions. A special topie will
be the search for diffractive fragmentation of the X' in baryon-
antibaryon pairs, such as ph. Here again the EPI will be necessary.

After a clear separation of both p and K* diffraction disso-
ciation (using e.g, the cluster-searéh techniques mentioned above), _
factorization can be meaningfully tested, There are many puzzling
aspects of factorization (connected with Regge-cuts, rescattering
effects, etc.) for which information on low-mass nuclear excitation
using kaon beams will play a crucial role.

Finally there is the question of double diffraction dissociation.
We expect that it can be studied in the (exclusive) channel X' p +
(K ﬁ+ﬂ )(n i p) for which we estimate a cross section of 10 to 20 ub,

Again questions related to (Pomeron) factorization will be answerable,

Non-Diffractive Multiparticle Reactions

In additicon to the diffractive mechanisms, one can also look
for other components of multiparticle producticn, in particular
for multiperipheral contributions and central emission of clusters, _
Again both exclusive and semi-inclusive channels will be used in
this study. For the identification of clusters (or short range order
correlations) several techniques may be used. They vary from simple
effective mass plets to gaps in rapidity distributions, longitudinal
phase space plots and special cluster search techniques in the com-

(8)

avout leading resconance production, origin of clusters (target frag-

plete phase spaée Once clusters are indeed found, questions
mentation, projectile fragmentation or central), double Pomeron-ex-
change, etc. can be answered, A relatively simple reaction to look
for double Pomeron-exchange would be: K+p > K+(ﬂ+ﬂ_)p. This reaction
demonstrates the general advantage of the K+—induced reactions:

both initial particles (K' and p) may be identified in the final
state - if an EPI is available. If the final state is e.f. repre-
sented by a multiperipheral ladder, the two external rungs are ex-
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Non-Diffractive Quasi-Two Body Reactions

Due to the exoticity of the K+p s-channel, Regge behaviour
in K+p reactions appears already to set in at low incident momen-
ta (3 GeV/c). It would be interesting to lock at such Regge-tra-~
Jectory dominated reactions as K+p > Kggop’ K§q20p, K°A++, Kx°A++,
etc. with a 'lever arm' extending from 3 to 70 GeV/c. In general
an extrapeclation of the cross-sections with a form pigb (nv2) pre-
dict a small number of events at 70 GeV/c. However there may be
interesting exceptions and these may be detected unambiguously
if the final state is identified by a 4C-fit. An example is given
by the reactions K+p -+ Kx(1H20)p + K°n+p or K+ﬂ—ﬂ+p where a sizable
cross-section seems to exist. At Serpukhov the reaction Kp »
K>

1420)p was observed still to have a cross-section of (18 + 2)ub
(12) 5

» Combined with lower energy data this gives n = 0.8 + 0.2;
such an energy dependence predicts a cross-section for the Kx(lu20)
at 70 GeV/c of 12ub.

Although in general the 2-body reactions present in 3~body
final states are better studied in a counter experiment, the
bubble chamber should be able to provide crude, but rather un-
biased, information useful (at least) as checkpoints for high-
statistics counter experiments. In addition there is the explo-
ration of reactions with >4 particles in the final state. For
all these studies the EPI will (again) be an indispensable tool

in rescolving the internal X-m ambiguities.

Search for Rare Particles (Charm)

In general events which are rare in the 10-20 GeV region
will become more common at higher energies (example: baryon-
anti-baryon pairs, Q- and =- production, etc.). The most attrac-
tive possibility would be the detection of charmed particles.

Recent FNAL-results indicate significant differences be-
tween mp and pp collisions in (inclusive) y-production. Although
from the point of view of detecting D's, a non-strange beam looks
a priori more promising than a strange one, making a more or less
complete exploration of the producticn dynamics will require look-
ing into experiments with K-beams. There exist essentially two
different search-methods for the D-particles, The first one is
direct observation as a visible (neutral or charged) secondary
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tracks; with t%e present spatial resolution of BEBC this would
require rather long D—lifetimes(x). The second method consists
of using effective mass-techniques on groups of final state
particles containing particles which are likely to be decay-
products of D's (i.e. strange particles(is)ﬁ As the D-decay
modes are unknown, in this method bubble chambers - and espe-
clally large bubble chambers such as BEBC - have an obvious ad-
vantage over other detection instruments because of their
capability to see all charged secondary tracks and a substantial
part of the neutral ones. (see table 2).

Recently, D. Sivers discussed methods for estimating asso-
clated production cross-sections of charmed particles (and Y's)
in hadron collisions(lu). OQur Vs - value is well above threshold
for pair production for currently pfedicted D (and ) masses.
Based on his calculations we estimate at 70 GeV/e that Kp+ DD +
... has a cross-section of approx. 10ub. (The symbol D refers to
the sum of all charmed hadrons). Accepting the Sivers-estimate
our exposure should contain some 400 events with DD produced
palrs. Just how tc translate this into specific final state topo-
logies depends on the D-decay modes. j{owever bthe detection effi-
ciencles for the various strange particles (in particular for
the neutral ones) and the presence of a combinatoricl background,
makes the detection of D-particles on the basis of these numbers,
if not impossible, at least marginal. We will in any case look
for D-decays and ocur experiment should be able to glve (depend-
ing on the decay-mode assumptions made) variocus upper limits

for production cross-sections.

(x)

For this part cof the experiment a special camera viewing the

vertex-region with a larger magnification would be useful,.
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TECHNIQUE

The capabilities of BEBC, in a beam of the energy requested
here, have been discussed at length in the ECFA-Tirennia reports
(15(20). Since then, the exposures in the 30" FNAL bubble chamber
have confirmed that a hydrogen bubble chamber 1s indeed well
suited for a systematic, model-independent survey type of study
as proposed here, Furthermore, the large size of BEBC results in
a substantial improvement in the detection of beth charged and
neutral particle decays. Table 2 gives mean decay lengths and
average decay probabilities. Experience with the TNAL 30" cham-
(16) and preliminary results from the first BEBC-experiments
also confirmed the findings of earlier kinematics studies, showing
that K%,p and r-decays can to a large extent be identified with-
out ambiguities. Although the y-ray conversion efficiency in BEBC
is not very high (of the ?r?er of 10%) there will be at least 1.3
x

and from the 70 GeV/c pp Mirabelle-experiments

converted y's per picture

(179

. Again we know from FNAL 30" experi=-

(18) that
by kinematical fitting the y/A and y/K ambiguities can be made

ments

very small. In addition, the observed and identified y- conver-
sions will be useful by themselves, providing a measurement of
T multiplicitvies(t7)(19)

The ECFA-reports mentioned above contain estimates of the
BEBC-measuring accuracy for individual tracks, the resulting
accuracy for various quantities of direct physical interest (effec-
tive masses, four-momentum transfers, etc.,) and the discrimination
between competing hypotheses obtained as a result of fitting(20).
In particular these estimates show that at 70 GeV/c incident mo-
mentum:

UC fit events may be separated from thelr corresponding r° chan-
nels with a contamination < 10%€+)

Missing masses of neutral systems (not seen to decay or material-
ize in the chamber) ray be measured with & precision aA(iM?2) varying

el et ree oY v 2 ofev/e to LU0 GeV?  for a1 at

‘Yipased on the hypothesis that the mean 1

Ry VN VARV DI 15 halfl

the mean charged multiplicity,

g

(+)This assumes that the corresponding n? reaction has «3 times

the cross-section of the 4C-channel,
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o Gevse'®),
These conclusions were cbtained assuming that BEBC would reach
a setting error e~ 300p. Preliminary results from the 12 QeV/c
5p BEBC experiment have confirmed this spatial resoluticn. In
addition an error was found for the K° effective mass of + 5 MeV,

A well-known ambiguity will exist for the identification of
fast positive tracks (n+/K+/p ambiguity). This problem is impor-
tant not only for all inclusive and semi-inclusive channels with
fast leading positive particles, but also plays a role 'inside'
4C-channels. An example often gquoted is the reaction K+p > K+w+n_p.
At 16 GeV/c incident momentum already 30% of all events in the
reaction K+p +.Q+p, Q+ + K nta” have an indistinguishable K+-n+
Monte-Carlo studies indicate that at 70 GeV/c incident momentum,
the average ambiguity level for the complete channel could be as
high as 50%(20). Discrimination of N7K+/p will be possible with a
the External Particles Identifier now under construction. This
device makes use of the logarithmic rise of the ionization in
gases such as argon; it will be able to discriminate W+/K+/p
essentially up to 50 GeV/c(g). The EPI will be used together with
a system of proportional wire chambers in order to resolve multi-
particle events., Used in conjunction with the fringe-field of the
BEBC-magnet, these detectors may give, in addition, as illustrated
in fig. b4, a significant improvement in the determination of particle
momenta and a corresponding improvement in accuracy. Simulation
studies indicate that even with a total number of particles of order
30 entering the EPI'*®)

from interactions of secondaries in chamber and in exit-window), -

(incident tracks, secondary tracks, tracks

the K'/n* ambiguity will be resolved by the EPI for approx. 75% of

the events(21).

(

and events with mecre than one undetected neutral particle will

x)With these precisions, discrimination between events with one
| —

(in general) not be possible, Additional discrimination however
could result from the use of the BEBC-fringe field and the EPI-

MPWC's as a spectrometer for fast forward particle. (see text)

(%x)

actually expected to enter the EPI is approx. 20,

For our beam intensity, the average number of particles
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'
Finally, a few comments about the beam. The study of the R.F.

beam(gg)

indicates that, using a few percent of the internal flux
of protons and a momentum bite of Ap/p ~0.2%, a beam intensity of
8K+ per picture (or more) can be reached at 70 GeV/c. The conta-
mination of strongly interacting particles is expected to be small.
(1T+/K+ < 2%). The beam transport system will provide a sufficient
definition of the incident track momentum, but its position and
direction will have to be measured by MPWC's in front of the cham-
per with an angular resclution of *+ 0.5 mrad. Thus, the incident
track will not need to be measured in the chamber with high accura-
cy, allowing a choice of the fiducial region close to the entrance
window and maximising the track length available for measurements
of secondary tracks. The accuracy requested for the beam momentum
is matched to the tracks in the chamBer; the cone requested for the
beam angle is likewise matched to the limitations imposed by multi-

ple scattering in the entrance beam window.
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IV, EXPOSURE AND ANALYSIS

Our propcsal is for 500 K pictures at approximately 8 K"
incident k' per picture(x).

For the analysis of some reactions, e.g. 4C-fits, we need
high accuracy momenta measurements of the secondaries, e.g.
secondary track lengths of the order of 2 - 3m. For these finail
states, the events will be selected in a fiducial volume extend-
ing for about 1m into the chamber from the entrance window. With
this fiducial volume our request corresponds to i3 events/ub. For
some studies (e.g. particle searches) a larger fiducial volume (up -
to 3m) may be used; the exposure then becomes equivalent to a U0
events/ub experiment,

The correspending number of events for a few typical reactions
are estimated in table 1. These values result from extrapolations
of the energy dependence of cross-sections as measured up to 16
and/or 32 GeV/c. Needless to say some of these extrapolaticns are
very uncertain.

The groups involved have access to a large variety of semi-
automatic measurement instruments {(from ERASME, HPD, PEPR, Polly
to Sweepnik) in addition to or with manual back-up facilities. A
conservative estimate is that each group can handle approximately
25K events/year from January 1977 onwards; this implies a capacity
for the whcle ccllaboration of approx, 200K events/year. Taking
the film in batches would (therefore) be acceptable to the cclla-
boration but in order to set up the chain of scanning, measurement,
data-processing and analysis, it would be very desirable to take
a first (relatively small) batch of ?igtures {say 70 - 100K) at

+

an early stage of BEBC-SPS operation . Some physics results may

already come out of this sample.

(X)This number implies on the average 1.75 visible primary inter-
actions/pictures or approx. 21 (primary and secondary) Sraclo per
picture. It is not altogether clear ynf whethcr

intensity. It is still possible that we wii. o ho mo

what smaller average number of incidents tracks, {(and a correspond-
ingly larger expcsure) or alternatively, a cut on the pictures as

a function of the number of secondary interactions,

(+)Part of this first batchof picturescould be used to optimize the
incident track number e.g. by taking a fraction of them with an

average of 4 resp. 6 beam tracks/picture,
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TABLE 1

Number of Events expected for a run of 500 K pictures

(8 K" per picture)

Reaction o Fraction of Number of events in
events seen small(j) large(u)
fiducial volume
k*p » al1 18.4 mb 0.96 (1) 235 K 705 X
k'p »k'p 2.5 mb g.75 (1) 25 X 75 K
K'p » 4 prong 4,0 mb 1 53 X 160 K
kK*p > 6 prong | 4.5 mb 60 K 180 K
K+p + 8 prong 3.2 mb 1 43 X 128 X
K*p -+ Ko+ X mb 1/3 x 0.76¢2) o4 X --
K+p + A+ X 4 mb 2/3. X 0.66(2) 14 K --
*o > Kopr' 9 ' | 1/3 x 0.76(? 30 -
K'o > kK atpr | 270 w'®) 1 36K -
K+p +Q'p 75 ub(B) 1 1 K —_—
+ + -
K mom
K'p - k5(890)p | 2.5
SKOw 2/3x1/3x0.,76'2) 6 --
K'p » kX(1400)p|  12u0'>)
KOt 0.55x1/3x0.76 ) 23
sktate” 0.3 48

(1)Taking into, account the losses due to small angle scattering

(2)Assuming an average geometricaldetection efficiency of 0.76

for Kg and 0.

66 for A.

(B)One meter long fiducial volume leaving approx.two meters for

momentum determination and V, detection.

(q)Three meters long fiducial volume

(5)Assuming correctness of a p =

is one of the aims of the experiment,

behaviour; checking this behaviour




TABLE 2

Mean Decay Length and Decay Probability(x)

20 GeV/e 4o Gev/e 60 GeV/e
100 cm| 94 % 205 cm 76.% 310 cm | 62 %
140 cm| 88 ¢ 275 cm | 66 % 410 em 52 %
40 emj100 % 80 cm | 97 % 120 em | 91 %
75 m| 98 % 150 cm | 87 % 225 em [ 74 %
75 mj| 98 % 150 em | 87 3% 230 cm T4 %
45 em}100 % 95 cm | 96 % 145 cm ¢ 88 %
i | ?

(I)Assuming a decay length of 3 m, i.e. roughly the maximum
decay length available in BEBC




FIGURE CAPTIONS

Fig.1:

Fig.2:

Fig.3:

Fig.4:

Topological cross sections for K+p vs., Vs and plab(u)

Dispersion D = /2n2> - <n>? and second order structure
function f,= <n(n-1)> - <n>2?2 for positive incident par-
ticles (5)(6)

Average charged multiplicities vs. s for positive incident
particles

Simulation of missing mass determination in 'bare' BEBRC
and with an outside measurement of outgoing track momenta
to an accuracy of Ap/p = 0.3%.
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