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PROPOSAL TO ETUDY 70 GEV/C K D INTERACTIONS

IN BDEBC ASSOCIATED WITH AN EXTERNAL

CHARGED PARTICLE IDENTITFIER
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SUMMARY

We present a proposal for an experiment of 3C0 000
pictures of K 'p interactions and 300 000 pictures of K'p interactions,
both at 70 GeV/c ad taken in BEBC associated with an external particle

- identificer.

We shall study inclusive, semi-inclusive and some exclusive
reactions. The main physics interests are production of all kinds of particles
and resonances,correlations and clusters, dilfractive processes and scachs.

for remaining two body channcls duc to Reggeon exchange mechanisms,

- +
Contactmen: M. Baubillier (K ) and J. Laberrigue (K ).



I- INTRODUCTICHN

The Big European Bubble Chamber iy among ihe instirvients
that should give physics resulls as soon as the SPS will got into aperation,
In addition, the available RF separated beam and the ERI(C Vxternal chorood
particle identifier ) will allow a study of K T p interactic v, maybe, bofore
similar experiments are done at FNAL . We would like to perfera the K o
K~ experiments in parallel, in order to compare the data in detail. Such

a comparison appears to be very fruitful at lower cnergy.

The choice of 70 GeV/e for the momentum is based on the

b

following considerations :

1) - 70 GeV/e is the highest expected value at which the
E.P.1, will be able to work (rel, 1),

2°) - 70 GeV/c is also the highest common available momentum for Tt

and X~ (ref.2).

Moreover this highest energy would allow an interesting
comparison with the data already obtained at 32 GeV/c by the Serpukhov
M irabelle experiments and consaquently would give informailonon s dependance

of the various procasses.,

Obviously this proposal may be modiflicd if new experimeontal

results or new theoretical ideas wre published,

In a letter of intent, sent to the S.P.5,C. last year (ref,2
we proposed to study K T p interaciions in BEBC operated in anhybrid —
mode, that mecans not only with & downstream charged particle identifior,
but also with a TSTand a forward v my detector, Nevertheless in that lotter
we had emphasizad that if the TST and the forwa rd ¥ ray detector wore niel
yet installed by 197G, as it scems now to be the ca se, a rich closs of evemne
could still be analysed wiih the help of the ¥.1’.YT.alone, downstrean of
BLERC. Consequently the object of thisletter is to proposc an exXpeTiient
using BEBC filled with hyd,ogen together wilh an external particle identilienr,
We know that other letters of intent for K'p or X7p interactions hove beon
sent requesting roughly the same amount of picturcs and proposing the same

kind of physics ( refl.4) at momenta slightly differeut from 70 GeV/c.



As will be showan beleow, our data reduction facilitics are not
sufficient for performing the proposed experiment alone, so we rchall coliibor
with some other laboratories,

In the following, we present the main physics subjects of intercut, and

using known resulls,an estimetion of the experimental sample,

11-PIYSICS INTERESTS

The versatility of the bubble chamber in studying alwost any kind
of interaction with a 47 solid angle acceptance leads -to expect an overall view
of the hadron interactions at an intermediate encryy between the well knews:
low energy region and the very high-cnergy ISR region, It is generally

admitied now that these intercctions arce mainly due to two diffcrent mechanisns

- diffraction mechanism-

- multiperipheral mechanisms,

~ From published data, Harari has shown ( ref,5 ) that the diffractive

componcnt to the total inclastic cross section for pp interactions

above Plab =50 GeV/c is of the order of 16%, The comparison of KY and

K~ data is very usclul in disentangling the contribution of diffractive

and nen-diffractive mechanisms, Since many exclusive channels will be
studied in addition to inclusive reactions, new information is expected

which may not have been covered by earlier FNAL experiments, Indecd

BEBC and the facilities around it gllow refined results for all multipliciiics,

even for the highest ones,
The main experimental aims of the proposed experiment are :

1°)-Cro ss-sections and multiplicifies

We can expect to get a complete description of the charged purticls
multiplicity distributions and cross-scctions as well as infermations on the
production of neutral particles, v, A%, X°,m, Whereas the guestion of the
risc of the KN total cross.scction scems to be now confirmed ( wof 6 ), we
may lind information on the contribution of cach tepological or channel ciocs

gection,

Multiplicity distributions are found to bedf great importance in the
understanding of reaction mechanisms, Up to now (ref, 7 ) the varicus
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2°) Non diffractive proce sses

About 80% of the events presumably nay be attributd
to these processes and they mostly exhibit high charge multiplicity,
Of course, we shall study inclusive and semi-inclusive distributicn s
for all kinds of particles and for resonances like K¥, Y¥ and A,
including some neutrals, A great varicty of particles should Le
identified Ly the ED1 without the help of kinematical fits, We shall
lock at the charge and strangeness transfer distributions and try

to find the isospin and strangeness structure of the amplitude,

Among the most interesting subjects of this proposal,
we must quote the study of correlations in the central repion,inclidig
the particle -antiparticle pairs., The search for clusters of sccondorics
seems to be verypromising, A priori it does not seem possible to
distinguish clusters by looking at the rapidity distributions in ind:ividva!
events, but it is still possible to use a statistical methed to detect
their existence ( ref,8 ), Anyhow the analysis of the structure of

individual events may provide some significant information, Finally,

multiperipheral models al so may be tested by looking at specilic clasues
of exclusive final states, Also the comparison of X¥ and X~ data

may help to test factorisation rules in the Mueller-Regge framewori.,

We can study elastic and inelastic diffraction processc
down to small t values, We shall especially look at the kaon diffroctic:
‘and this may be easy using the forward EPI. The events are expeciod’

to exhibit low multiplicity (n o 3 ) and large rapidity gaps,
+ oy
We shall look for Q — Kqégo T and L =+ 1’\]}.‘420 T

production, The Kip — Q'-'-'p cross-scction extrapolated frem
published data (Ref.9 ), arc Loth of the order ¢f 100 ab at 70 GeV/c,
If this extrapolation is valid, we arc in good condition to ebserve
the signals j indeed for a 25 events//.«.b experiment,onc would copeat

2500 such events.
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The sclection of such cvents should bo less troublesone thian
L

M

at lower energics, since background contamination, mmainly due 1o £
should be lower as expected [rom phasc-space arguwats, llence we can
expect to easily check the oy and C/‘Q- equality, compare the shopes

of do*/ dt, of the MI{mT bumyp, lock for a remaining cross-over phonomerne
We may also detect double dilfraction dissociation as it has been obsesved

at lower encrgy ; for instance at 14 GeV/e

o T\;K ﬁb =% Cj_ ( AN W)J-ASO\_\JN‘? )_1‘}) ( ref, 10 )

Finally , as it has been seon for the 37 system (ref,11) we may
look for other bumps in the Kmi mass spectrum at highey mass vaiue,
x . : .
WO, - - T, We shal 5 AT ractli sienals ir -
e,g X2],SO K 1760 Ve shall also search diffraction signals in o
body (n > 3 ) final state and maybe, contribute to the knowledge of the

variation of the mean dilfractive multiplicity as a function of s,

4°) Other quasi-two-body reactions

At 70 GeV/c, the particles produced at the two vertices ol an
exchange diagram would be well separated, So in spite of rather small
cross-sections and of the important rate of diffractive processes; it may

be pnossible to isolate some channels due to Reggeon Ce.a. pion ) exchan
Lot Tl ) i) 1

oo
and to get some dynamic features, For exawple, the production of quasi-

. w D .
two-body reactions such as K b p - K¥ T p is expected to be of the codur

: . -n.
of a few microbarns according to the formula CF(P 1aLP Lab®
- [ 98

Trom Serpukhov resulis (ref,12 ), we foresee the following rates

at 70 GeV /¢

Kp — KK89OP : (n1,5); 08 '/ub nbr of evts cxpectied 50 (X °L_)

Kp - K%;AZO“): (e B); =12 nbrof evis  expected: 70 {1°

S a3t -

A check of the validity of this law can be done and il cross-sociion:

. ‘ do ‘ .
are not lower than cxpected, some information alout —o can be crivootad,

Indeed, this study would be better done with counters, but the
bubble chamber experiment can provide cariier crude informalion on tioe

subject,
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II- STATISTICAT SAMPLI

1) Toml nun bm of interacticns . This experimert is intevaied

to detect channels corresponding to cross-sections of the order of microbor,

For a first experiment, 25 evis/ Jb seems to be reasonable, Then, wiib
10 incident particles per piclure, and 2,5m of length for the u+5.oful volunie
( see fig.3 ) this leads to 300,000 picturces [or each charge, K™ in BDERC, -
The total cross-sections ( ref, 16 ) and consequently the corrcgponding

numbers of events are 1

N e KD - 18,4 +—.3mb 450,000 *8,000 cvts
o K D) =20.2 7 3mb 500,000 *8,000 evis

2°) Topological cross.sections, For eslimating the topological

cross-sectionswe have Q}.LI\!])CL(i[Ld up to 70 GeV/( fig 1 and 2 ) the
publl.shcd data obtuined at lower cnergy including the Serpukhov experiniont
done at 32 GeV/c ( ref, 13 ). To be sure that these extrapolations are not
unreasonable, we can use them for compuling the average ch(n*m« mwdtiplicily

\1/2

and verifly that the results ( colunm II of table I ) arc in agrecement with

Lny and the average charge dispersion D = Y./n IR U Y
the predicted values,i.e, the values determined by linear extrapolations
in log s from lower encrgy data ( column I of table T ).

3°) Dccay observotion, A large bubble chamber like BEDC is

well suited lor the detection of particle decays, Table 111 shows the mean

decay lengths of various particies versus their momentum and the

corrcsponding deteclion efficiency, using the fiducial volume shown in [ip=73,

a) V¢ sample-The V°'s are due to X° and A° decays and to ¥
c0mfcrsion inside the chambe; _
For the K°_, we make the assumption that the ratio Ef"_‘(lrp . »—~--DJ=_;-’—\'—':
inct
is constant with s and of the order of 40%, as it is cbserved at lower
energy ( ref,14) . If we apply this result to cach charged multiplicity taking
into account a mean detection efficiency equal to 50% for the decay
K"S-—~> i x, we obrain the numbers listed in table 1V, This procedure must
be considercd as a very first approrimation, We know that the multipticitic

would be differont from those listed Lelow,
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For the A%, the sitvation is not as simple as Tor the Py buti
T T - ;
last results of 32 GeV/e K = p Serpukliov bubble ¢lionbor expoeciment
uselul results for the prediction at 70 GeV/e Cref. 15 ), A c:ode
extrapolation of the results i given in table V taking into accownt

a mean detection efficiency equal to 50%.

We underline that we expect to obtain a rather large sample
of multi V® events corresponding for instance to non hypeorcharge
annihilations channels. Thus the A°® K and K © K¢ K° cross-scection .

should go up to values between 1 and 2 mb.,

In addition, we must toke care of v conversion, The 7y conver: o
probability inside BLEBC filted up with hydrogen is of the order of 10% ar 1 the
total number of e ¥ e  pairs simulating at the scanning level a v°, will
be high, Indeed, if we make the hypothesis that the mean 7 multiplicity
is of the order of half the mean charged multiplicity, this leads toatleast
1.5 7 converted per picture. However it has been found in pp interactions
at 70GeV/e studied vwith Mirabelle, that afler kinematical {its

v/4° and v /K° ambiguities are very small { ref,16 ), Furthermore, the

y the remaining

v obscrvation may be very uscful in itself, for #® detection and for A°/ 7.°

ambiguity resolution,

b) Production of = and [

A fairly good sample of Z and (decays would be obtained at least
in the K'p pictures, Assuming that the total inclusive = and [} cross-scotion .

remain constant from 10 to 70 GeV/c we get :

Kp— =X =70 pmb  mnevis: 1000 Cref, 17)
K*p oy =YX w210 v noovis: 150 ( ref, 1)
]{"'p - =X v=2,5 0 n ovis: 40 Crefl, 18)

Kpes X v=5,6, all modes Crel, 19

e AKX =25 ub  nhoovts 40



IV- DATA COLLECTION

&) Problem of amliquitics

The problems arising with ambiguitie s have been oxtensiv aly treated
in ECTA report { ref, 200, The first measurcments dene with BERC confirm
the value of 300 for the setling error, Then it is reasonable to admit the
conclusion of this report, It is shown there that it would be hard to net aven
ambiguous 4C fits without the help of external devices, Indeed the seiting
up of a charge particle identifier (L1 ) would solve at least K¥ /7 or
K™/x " ambiguities for the 4C [itted cvents., We shall cerlainly restrict
our exclusive studies to the 4 C channels, including may-be some events

with 7 production, for which the 7's are converted,

However, the system (BEBC EPI ) allows the study of non fitied
events because a rather goed proportior of particles will be measured anc
identified without the help of kinematical fit. Irom ref, 21, we know that
about 75% of the forward tracks will be identified, This may be sulficient,

for instance, for the study of known diffraction peaks,

b) Analysis power

We shall have five scanning tables, two film plane digitizers and
at least one CRT device ( ref,23). This corre sponds to & measurement power
of the order of 105 events per year. As underlined in the introduction, we
would like to share films with the collaborations that have already proposed
experiments for K or K™, At the ond of 1976 the number of physicists of our
laboratory available for performing this experiment will be of the order of 14 ,
that means two groups of 7. -
We shall have at this time some experience of handling BEBC

pictures since we are involved in the K p at 8,25 GeV/c in BEBC ;
furthcrlhore other physicists of the group are now working in K¥p at 32 GeV/e

in Mirabelle,
For this proposal the contact physicists will be

M .Baubillier (K7 and J.Laberrigue (K1),



TABLE I
I 1
‘I E*_b)ioz E)
K™ [5.07%0.2 6.0
D K" j2.770.1 2.9
K™ {2.9%0.1 3

Average muliiplicity and dispersion

(1) predicted by linear extrapolations of Publishod data
(IDcalculated from our topological aross gsection estimations ,

listed in table 1. (they do not include the clastic chaunels ),

TABLE 1

Kt T K -

Prongs O—Ker(mh) nb evis 'o‘ ¢ Hp(;lb) b ovis TfIBT{g?"'

0 0.21-0.05 | 5000 g
2 inel | 2.2 0.3 55 000 TR TUOOU 2T T
| 4 | 3.77%0.3 90 000 T4 T3 oo 000 | Tz

G 3.4%0.3 85 000 47 b3 120 000 6

8 3.5%0.3 90 U0 3.7 L3 T 90 000 g T
10 1.6 0.2 40 000 117 T2 40 000 TG

12 85 t0.1 | 20000 [N U000 1

14 | .15 *0.03 5000 * 23 0.2 Soo BT

16 .01 Y0.005 R 500 ¥ o5 Y.z o0 % | 16 |
Towl [15.4%.5 85 000 15.0%.6 10000 | et

Lxtrapolated cross sections awd cotimar munden el



TABLE -IXI
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A decay in BERC for 300000 K 7 pictures
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FIGTR CATIONS

- figure I~ K*p topological cross sections.
- figure 17~ K'n topological crass sections,
- figure ItI- PEBC fiducial volumes,
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