, CERN/SPSC/75-16/P 44
February 12, 1975

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH

Ay le g Rl Ry

ot s
Study of the X p-Interactions at

250" - 300 GeV/c

by means of a Rapid Cycling Bubble

" Chamber set-up

A. Stergiou, Y. Goldschmidt-Clermont

CERN

————

E. Hafen, I. Pless, R. Yamamoto

M.I.T.

W, Kittel*), w. Metzger, C. Pols,
J. Schotanus and R. Van de Walle

Nijmegen

We propose a study of K+p~interactions at 250-300 GeV/c in a
hybrid rapid cycling bubble chamber set-up equipedwith downstream
equipment for momentum measurement and particle identification. In
this energy region the K+p~reactions are in the ISR-regime of ri- ]
sing cross-secticneg; using incident kKt 's will avoid the symmetry
of the pp-reactions and in addition have the advantage of a beam
particle with a traceable identity in the final state. The required
interactionswill be obtained by tagging and flash-triggering in an
enrichea K+—beam. The main physics aims are topclogical cross-sec-
tions, single- and twec-particle inclusive channels, semi-inclusive
channels, leading particle peaks, double diffraction dissociation
and central particle emission. We are requesting an exposure of |

10 events/pb or about 200K pix. in apprex. 35 days running time.
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1, INTRODUCTION

The total cross-section for K+p—reactions increases by
more than 10% from 30 to 300 GeV/c incoming lab. momentum.

To some extent K+p-reactions at FNAL and SPS-energies can
therefore be expected to resemble pp-reactions at ISR-ener-
gies. '

To investigate to what extent this similarity indeed
exists is the first main aim of the experiment we propose;
it would be primarily examined in inclusive and/or low-mul-
tiplicity exclusive channels. In as far as such a similarity
would indeed be observed, an advantage of the K-beam would
be that it av01ds the symmetry of the pp-reactions. Over
m p reactions, K p-interactions have the added advantage that
the identity of the beam particle can be traced in the f;nal
state.

The second main aim of our experiment is the study of
topological cross-sections, central emission, resonance pro-
duction and double diffraction d135001at10n in medlum and

'; hlgh multlpllclty UC exclu31ve channels.v‘ '

: »We propose,an exposure of approx 10 events/ub w1th a
K+—beam bétween 250 and 300 GeV/c in a rapid-cycling bubble
chamber coupléd to a downstream device allowing secondary par:
ticle identification. A set-up as discussed and described in
ref. [1] would meet our requirements. The capabilities of
such RCBC set-up in terms of resolution, accuracy, complete-
ness and versability have been discussed at length in the
above reference, and more recently, repeated and expanded
in a proposal to the SPSC by a CERN-Orsay-Oxford- Rutgers-
Stockholm collaboration [2] This discussion will not be re-
peated here. For completeness we show in table 1 the main pa-
rameters of the above mentioned proposal and in Fig. 1 the
suggested lay-out. We are still examining the need for an
extrs downstream Cerenkov to cover the region above the
ISIS-cut off of 50-60 GeV/c (containing approx. < 10% of

- all secondaries) .~ .



2. PHYSICS MOTIVATIONS

The program sketched in the introduction will be executed
in several steps. Among the most important of these are:
(a) Study of Topological Cross Sections;

Topological cross sections are predicted for 75, 150 and

300 GeV/c incoming lab. momentum in fig. 2. These cross sec-
tion values have been calculated from the K+p data at 32 GeV/c
[3] under the assumption of

1. a logarithmic'incfease of the totalcross section [4]
and average charge multiplicity

2. a KNO scaling law.
Table 2 gives - per prong number - thé estimated number of
events for a 10 events/ﬁb exposure at 250 GeV/é.
These predictions are rough and can be used only for a pro-
visional planning of the éxperiment. How the energy depen- '.
dence of particularly the low multiplicity reactions (diffrac-
Ation dissociation) actually contributes tc the total cross sec-
tion will 'have to bﬂ answered from the first experimental re-
sults themsalve ‘The multiplicity dlStPlbutlon and its sta-
Atlstical moments can be obtained eosentially already from the
'scanning of photographs from the bare vertex detector.

(b)'Elastic Cross Section at low t.

Of immediate interest in connection with the increasing
total cross section is the elastic cross section. One usual- -
ly distinguishes between three regions, ‘
a) very small t (|t| < 0.05 GeV?) for the estimation of the ®
real to imaginary part ratio p. The vaiue of p can bé‘of in-
terest for the prediction of the further increase of o,
b) small t (0.05 & |t]| § 0.30 GeV?) for the estimation of
the slope or the slopes of the forward peak and their
shrinkage, . »
c) large t (|t] % 0.3 GeV?) for the search of diffraction
minima.
While this is a=-priory a typical counter éxperiment, high
quality data have been obtained in particu“ar for point (a)
as a "by-product" of bubble chamber K p experiments at 4.2,
10 and 14.3 GeV/c [5].
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The downstream MPWC-system will provide a sensitive tech-
nique for separating elastic from inelastic event34 in the 2-
prong sample [6]. The measurement of the proton momentum (up
"to a few MeV/c) from the range in hydrogen then results in a
high measurement precision for the low ltl/elastic events,
independent.of the incident energy.

a) a. leading K may be used to separate proton disso-
ciation, )

b) a leading backward proton may be used to separate
k" dissociation.
One dimensional Feynman X- or missing mass distributions con-
tain large overlap of diffraction dissociation and other mecha-
nisms. This overlap makes the estimation of the diffractive
cross section as well as a further study of diffraction disso-
ciation a difficult task. We therefore plan an attempt of sepa-
ration of diffraction dlSSSOClatlon 1n two-~ and more dimensional
.1nclu81ve distribution. Besides conventlonal separatlon methods
‘we intend to make extensive use of newly developlng 'cluster"
'lsearchlng technlques [j] - We therefore need to know the momenta
.of 1ead1ng and as far as p0381ble also the non-leadlng particles.
After and only after clean separation of diffraction d183001at10n,

can factorization properties be meaningfully tested Dﬂ:

. o . . + B
0K+p(elastlc) :4.0K+p(Lead1ng K'p)
o lasti leadl
pp (e ic) Upp( eading p)
0K+p(elastic) :..GK+.(leading.K+)
o & (elastic) o i (leadlng ﬂi)

We would like to study whether there is more than one dlffrac~
tion component. It should be stressed that a studj_of diffrac-
tive behaviour (or Pomeroh exchange) in an incident K+beam has
the advantage over K_, that no interference with non-Pomeron

I=o exchange processes (f, w-exchange) can occur. (=)

(X)The f,witrajectories contribute to k" and K processes in the

form £ + w (purely real) and £ - w (purely imaginary) resp.
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d) Correlations in Semi-inclusive Channels

The topological semi-inclusive distributions mentioned
under a) will also be used to examine correlations in momen-
tum, azimuth and hemisphere both between like and unlike
final state particles. Again we will maké theréby use of
the newly developed "clusters" searching téchniques refered

to under c)

e) Resonance Production

e —— -t e e m e - T L S LTS

The mechanism of resonance production at high energies is
of great importance. In particular, K?Qd prodﬁction is allowed
to proceed by pomeron exchange from the gquark model [8], but
forbidden by the Gribov-Morrison rule [9]. Should K§9O produc-
tion be allowed by pomeron exchange, we could expect a leading
K§90 peak, similar to the K" péak. The partial wave analysis
of 3m system [10]_grants.a rather flat energy dependence for
the JP=2+ component. If a similar béhavioﬁr éxists in the Kmm
system, one can expect a nonzero amoﬁnt of K§M2O production
at high energies, as well. . '

‘ While "diffractive" K* production is an open question,
diffractiVe N* producticn‘is present. The question there is
' ‘the exact mechanism [11]. we believe that as much information
as possible has to be collected. K+p réactions can contribute
to the study of factorization properties.

Other questions related to diffractive excitation which
will be studied are:

. The shape (width) and cross-sections for both the Q and the
L enhancements ( the exposure should yiéld some 5000 4cC events
of the type K+p > K+pﬂ+ﬂ_)
. The diffractive dissociation of K= - pi..
. Cascade_Production

The main part of resonance production will probably proceed
via cascade decay of peripherally or centrally produced clus-
ters. If we can trace the k' (or K) in the final state we
have the advantage over incoming pions of less identical par-
ticles. As a result ofﬁbaryon@ascadeswé expect copious pro-
duction of the A++(1236) in the backward c.m. hémisphere [12].



f) Central Emission; Central Clusters
The mechanlsmb usually summarized as central emission!

give the largest contr¢batlon to the total cross section.
They 1nvolve hlvh multiplicity reactions which are diffi-
cult to study. Therefore relatively llttle is known here.

, The simplest problem is that of "central emission" of
a neutral pion pair in a four-body final state via double
pbmeron exchange., It is not yet clear whether this mechanism
exists., One can expect to get useful information from the
(asymmetric) K"p four body flnal states (4C flt)

X'p » K (w u )p
K* (ﬁ nir p

g) Double Diffraction Dissociation

Double Diffraction Dissociation is expected to contri-
bute to the total cross section with a sizeable amount (0.5
- 1.0 mb estimated from factorization)., Nevertheless little
is known about it so far. -

Monte Carlo calculations [13] for the SFM show that dif-
fraction dissociation almost completely overlaps with central
,em1s51on even on two- dlmen51onal 1nolus¢ve:z:—~plotse _

We expcct that diffraction dlssocwat¢on can be studied
better in medlumemultlpllclty exclusive LUC fits like

Kip > (I<I"t W+W) (ﬂ+ﬂ—p). _
for which we expect a 10 - 20 pb cross section,
At high energies one can expect to separaté it from single -
diffraction dissociation and central pm1851on w1th multidi-
mensional cluster searching technloues as mentloned in sect.C.
From factorization we expect diffractive and double diffrac-
tive components in the inelastic topological cross séctions
satisfying the relation [6]:

2 n-2j J25+2

n 1 Z
—_— L
J:O G£K+ Zp

%in T OiK+ ¥ OZ ¥
el

with ' ‘
. O?n the topological cross section for pfoducing n charged

particles
. O the elastic X'p cross-section
R GiK+, c}p the leading K+ and the leading proton cross sec-

tion for the i charged prong multiplicity.



BEAM

A major problem of the experiment is the K+~beam. For
the energies considered here, separated beams are out of ques-
tion. The required K'-beam will have to be obtained by en-
riching and tagging. The picturetaking efficiency will be
increased by flashtriggering [2].

Assuming a RCBC with a 30Hz cycling rate,a fiducial vo-
lume of n50cm and a maximum of 10 beam particles/ picture, an
enriched beam will become usefulbfor bubble chamber physics
where the wanted particles are of the order of 10% of the
total particle flux., With one K" per bubble~chamber expan-
sion one than collects approx. one useful event per SPS-
cycle or approx. 6000 events/day.

Neai has suggested and discussed enrichment schemes for
use with the FNAL bubble chambers[14]. For a K*~beam only the
filtecrscheme seems compatible with the SPS~north area target
lay-cut and slow spill. Possible filter schemes have been
considered by N. Doble and B. Powell [15]; the preéently pre-
fered solution is to use beam 1iaze H2 from target T2 and lo-
cate a filter at the entrance of the tunn61.Whigh links the
target enclosure to EHN1., immediately after the vertical
vbend TT81 leading inﬁo the tunnel. The filter would be si-
tuated at a focus to minimize the effect of the filter on the
transmitted component, .

The beam-line T2 has a length of ~500m, and a AQ . Ap/p of
2usr x 2%; it can carry beams up to 340 GéV/c. The second ver-
tical bend at the entrance of EHN 1forms a spéctrometer allo-
wing particle momenta determinations up to Ap/p 2’0;2%, A
Cerenkov-counter (CEDAR) allowing idéntification of parti-
cles up to 340 GeV/c completes the beam,

The crucial question now is whether this sétﬂup will pro-
duce an acceptable K+~f1ux. The following factors are relevant

for the answer(x)

(k>For the sake of concreteness we will concentrate our discus~
sion on 250 GeV/c secondary momenta; for reasons explained later
we will actually try to perfcrm the experiment as close to

300 GeV/c as the K beam-intensity will allow,



_7_

(a) the p/ﬂ+/Kf4proportions at production

Assuming an incident proton momentum of 400 GeV/c,a flux
of 3,10%2 12
find the following secondary particle fluxes at 250 GeV/c

(15]

incident protons (ﬁ 10 interacting protons) we

p ~ 8.0 108
mt N 6.0 107
k¥ o~ 1.2 107
or the ratio's : p/ﬂtzi}; ntrxt=s
The above numbers correspond with the minimum attainable produc-
tion angle (~2mrad), In general the n*/x* ratio can be reduced
by going to larger production anglesj; for sécondary momenta
> 200 GeV/c derived from a 400 GeV/c incident beam however, the
effect has disappeared. ‘
(b) the enrichment produced by the filter
The muon component is the main limitation on the usable

filter thickness]the main muon background comes from the par-
ticles decaying before the filter within the phase~space of
the transmitted beam component,., Preliminary calculations indi-
cate that a filter reducing the p-component by a factor 1000.
is approx. the maximum filter thickness that one can acceptr-
For such an absorption factor the ﬁ—background in the beam
entering the bubble chamber will amount to approx. 10% [16]

A drop in the proton-flux by a factor 1000 requires a filter
with approx. thickness of 7 absorption lengths; this corres-
ponds to approx. 5.2 meter of water (or polyéthylene) or 2.5
meter of beryllium., Using a filter of this thickness and the
measuredor extrapolated pp, w+p and K+p CTross séctions at

250 GeV/c |4| one derives the following (theoretical) flux-

reduction factors:

P By 1/1000
nt n 1/73
kt ~n 1/40

or, the improvement factors:

x 14 . for. the n+/p—ratio

x 1.85 for the k" /u*-ratio
Tests on ﬂ+/p'ratid8have been made by Neal at NAL using a
200 GeV/c positive beam and a filter corresponding to 5,4 ab-
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sorption lengths; an improvement of x7 was obtained. A calcu-~

lation as above predicts a factor 8. A preliminary K+/ﬂ+-

ratio test using an 60 cm polyethyleﬁe target yielded the re- .

sult 1.08 + .03; theoretically one predicts a factor 1.08. Al-

though there are still uncertainties, the preliminary conclu-

sion seems to be that the filters roughly pérform, as expected.
It has furthermore been checked that the divergence intro-

duced by a filter as proposed here, is acceptable for the CEDAR-

Cerenkov counter used for tagging [17].

(¢) the decay losses

For a beam length of 500 meter and particles of 250 GeV/c momen-

tum the decay-losses are 4% (w) and 25% (K) résp.

Combining'the above numbers we arrive at the following
fluxes at the entrance of the RCBC for 250 GeV/c secondary par-

ticles and 1012 interacting protons.
p n 8,102
=t~ 8,107

k¥~ 2.10°

Total (per spill) 18, 10°

These numbers indicate that a K -~density of 10% can be reached.
To obtain an intensity of 10 beam particles per plcture

i.e, 10 particles per 0.5 msec. (=sensitive time of the bubble

chamber) during a slow spill of 700 msec, we actually don't

need more than 14.103 particles per spill, This intensgity

will lead to a beam (per picture) consisting of: 4/5 p;

/5 n+; 1 k¥ and.&or a fiducial volume of 50cm) to 0.7 gt -

interactions per 20 expansions or per SPS-cycle., The expansion

containing the XK' -interaction will be séléctéd by tagging and

an interaction tigger., In approx. 50% of the cases the picture

taken will contain a second (p or ) intéraction; in 10% even

two additional interactions.
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A, USE OF A RCBC AS AN OPTICAL VERTEX DETECTOR

The power of an optical vertex detector for high multiplicity
final states is by now well known. It 1s i1deally matched to the
kinematics of the target fragmentation and interactions(br decays)
close to the production vertex. Coﬁpled to a downstream spectrometer
and to devices allowing identification of secondary particles it be-
comes a powerful tool to study leading particle processes as well
as medium and high multiplicity exclusive channels. The availabili-
ty of all these features, without complex pattaw1recognition pro-
blems, is of crucial importance for the experimental program which

we propose.
It is worthw1le to consider the ‘use of a streamer chamber

instead of a RCBC. A streamer chamber can handle up to 10
particles per sec. or . T. 105 particles per spill (a factor
50 with respect to the RCBC). The trigger rate however is 1li-
- mited by film moving to n 15 per second. In addition, to mini-
mize systematic errors from secondary interactions in the tar-
get, one has to use a substantially smaller target length than
50 cm. For a secondary interaction contamination in 6 prongs
of £ 1% a target of not more than 4 cm, has to be used,.
Assumlng that we are interested in collectlng the same data,
i.e. that we stay with the trigger cross sections implied by
" the preceding physics motivations, the data-taking rate advan-
tage of the streamer chamber over the RCBC is oniy a factor 55
This advantage is in our opinion largely offset by the follo-
wing features of the RCBC
(a) better point-precision (50u vs. BOOﬁ)
(b) better resolution ( 200u vs. 2 to 6 mm.)
(c) greater isotropy
(d) sensitive Hz—target with smaller recoil lt m1n| detectlon
(0.01 GeVZ  vs. 0.05 GeV?)
(e) better identification for low momentum (< 1.5 GeV/c) par-
ticles. ‘
Recent hybrid experiments at F.N.A.L. have shown that es-
pecially feature (a) is of great importance in making optimal
use of downstream spectrometers [6].
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5. EXPOSURE AND ANALYSIS

We request an exposure of 200K pictures or approx. 35
running days. This will yield a sample of 10 events/ub. The
amount of pictures requested is primarily determined by the
statistics needed for the study of the low cross section 4C-

channels,
The participating groups have at present the measuring

capacity to handle the requested number of events in approx.
one year.

The CERN and Nijmegen groups havé submitted proposals
for a BEBC 70 GeV/c K+p experiment. Thé M.I.T. and Nijmegen
groups intend to collaborate in an éxposﬁre of the 30" HBC
at FNAL to a 150 GeV/c K+p—beam. An exposﬁré in the region
of 250-3%00 GeV/c incident momentumn woﬁld pérmit interesting
energy-dependent analyses; where the above calculations indi-
cate that (intensity-wise) the experiment will be possible
around 250 GeV/c incident momentum, we intend to select the
final momentum as close to 300 GeV/c as the K+~intensity will
allow.
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Table 1.

o

1. RCBC
Diameter

Depth

Fiducial length
Precision
Cycling rate

2. Vertex- Magnet (M1)

Type
- Field
Coil-diameter
Coil-gap
Acceptanceﬁ horiz.
vert.

Radiator
Height
Diameter
m-threshold
K-threshold

4, ISIS

Gas:
Dimensions
(L x H x D)

.f Separation

m-K
TP
K-p

.................

5. 'pectrométér Magnet (M2)

Bending powér
Aperture

Ap/p

Range
Acceptance (at 50 GeV/c)

I+ 1+

80 cm
4o em
50 cm
50 u

| 15 - 30 HZ

superconducting
30 KG
210 cm

90 cm

15°

30°

Freon 12 (3.3 atm.)
3.8 m

1.6 m

1.6 GeV/e

5.6 GeV/c

A+ CO2 (20%)
3
(5 x 4 x 2)m

3 - 50 GeV/e
3 - 100 GeV/e
5 - 80 GeV/c

L' T m,

(4o x 100)cm2
<17

50 - 200 GeV/c
80%




Table 2.

Estimated number of events for a 10 events/ﬁb exposure
at 250 GeV/c (200K pix; 1 K+/picture; 50 c¢m fiducial volume)

No. of prongs : " Number of events
2 (el) 35.000
2 (inel.) _ 9.000
il 27.000
6 39.000
8 37.000
10 30.000
12 14.000
14 7.500
16 3,000
18 1.300
20 200
Total . . e : ... 203.000
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