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I NTRODUCTION

founny |
"The situation concerning the excited — -states
is very unpleasant. Since every octet and every decuplet requires an

I % = -state, we could get a vague impression of the expected

g on

~— -spectrum by combining the observed N and A states on the same plot.
The predicted states should probably lie 250-400 MeV above the corresponding

non-strange resonances ...." (Harari, Vienna 1968).

In the summary by the Particle Data Group (Ref. 1) only
3 = states (1530, 1820 and 1930) are listed, despite relaxed selection_
eriteria due to meagre statistics. The statistics are low because the
cross-sections are no greater than a few microbarns and so far - 8 years
after the introduction of RF-separated beams - the largest bubble chamber
exposure has reached only 30 events//«b. The subject appears suitable
for an J{L-experiment. On the one hand a trigger selecting incident K
and recoil K will yield an S = -2 state; on the other, the large
angular acceptance and high momentum resolution of the L1 c¢an be’

exploited to disentangle the complicated mixture of final states.

Arrangement of apparatus

OQur design is at present based on spark chamber
arrangement 2 with small chambers at the sides of the target with theilr
plates parallel to the beam, Fig. 1. TFive GeV/c K  from the enriched
beam (No. 3 of the beam subcommittee report, CERN 70-29) will be selected
by Cerenkov counter. Most of the Eﬂ* producticn cross section from
the reaction K + p— <= _ + K is expected to be in the backward peak
associated with baryon exchange so that the K*'s tend to come out of

*
the target at large angles and with low momenta. Fig. 2 shows = mass

contours of 6K+ as a function of both Pyt and u, where

2
u = (mp - mK) - 2mpTK+
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Yields

U

The following paramcicers are used in cur 7izld
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4 Iiquid hydrogen density ) «07 g cnn

0" per PS burst (see NP

1
Interral Report, 70-29)

then

' / - ’ 224 ECGION
#* events//xo/, = “oq-é I = {Hh » 1077) xx (1D )
f
’ & -
' PR A5 - {0 2 107) = oL07
- S . .
= 5.2 x 10 O’OutS/}At/CurSu.
Assuning a 20 hour P3 day we get aboui 2000 events per
1 o)

S b <. v e - 4.
The fisures that we have given apove Ior ihe

i uli

~

have Leen aestimaited Trom the available datze. The major uncer

is in the beam performancs. e realise that 1t may not te possible

to achieve adeguatie separation at 5.0 GeV/c. ie would lilke to run at

this momentun because it gives a rﬁnge of ="-nasses extending up

to a phase space oZ 2.7 GcV/cg. However, a beam momentuwl above
M,

4,0 GeV/c still zives an interesting ronge of = -nasses up Lo
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In order to measure the branching ratios of the various

— * '
= 's it will te necessary to identify as many as p ssible cf the
* .
final states in which the = is produced. SU (3) calculaticns for

some predicted = states are given in Table 1 (from reference 5).

The <=  mass resoluzion is also dependent on the ability to identify

the final state. Invarizni mass gives a betier mass resolution than

the missirng mzszs and the kinematic constraints at decay and produciiorn
h

vertices can oe used %o improve significantly on this resolution.

Svenis will bte selected in which the momentum of the particle
entering the X detecior is cornsistent with the range and dz/dx measure-

ment for X ard incomnsissent with m or proion.
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tions are thus imposed on the final state.
+ 5

tre ¥ must have guantum numbers (B =1,

estriction many final states can be

s into {nucleon, XK), (T E, AK),




The next stage in the analysis will be to reconstruct
and identify a VO decay. Table II contains a list of the final
states satisfying the defined quantum number condition and specifies
the v° decay to be identified. .The corresponding topologies listed in this
table are illustrated in figure 13. We define topology such that
additional charged pions (and in the 4~-C topologies, a neutral pion)

can be included at the production vertex.

From our experience with the CERN-ETH-IC spark chambers
we know that the direction of a neutral decay can be reconstructed

with a precision =~ 1 mrad even wnen the veriex is not seen. The mean

-
own NaT/a and af +the — 34 s 7 Q2 Am
er Zel/c and 01 To¢ it 2z Z.T

A A T av~+ ~AF +ha - 2~ 7 A
“Z Lengua T Vit o c

s
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per GeV/c so the decay in topologies involving = decays will
originate from a point typically 20-25 cm from the production vertex |

its angular separation will be =~ 35 mrads.

‘Already it will be possible to separate the list of

final states into certain categories :

i) a A coming from the production vertex can only result Irom
(AR) ana ( 3°R) systems.
ii) a /A which does not come from the production vertex identifies

the (= n) systems (or production of ML)

‘s o) . . < C .
111) a K's decay, coming from the production vertex indicates tae
(nucleon KX) and (L — K)systems.

To determine the capabilities of the proposed set-up for
resolving these final states and to assess the precision which is
required from the k' momentum measurements we have maie a Monte Carlo
study. We have generated a sample of events of the type

- L+ ___*—
K- +p = K+X (1800) P- =5 GeV/c
s AKX
N -
pT
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and K +p - K+ (1800)
N
N o -
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\Ano

We then 'adjusted'! the charged track parameters by
adding perturbations corresponding to measurement errors and multiple
scatiering. These events were tnen passed tarough GRIHD (the kinematic

+amtS A A e s ) Arn A A Emdiad 4,
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with various hypotheses as listed below.
First the v® was tested with the hypotheses

0 + -
XK's =~ T + T

N\ - P +
AN

Y = e + e

and then at the production vertex

+ -
K +p - NANK K
G ot =
Y. K K
+ - O
N K K =
+ e
N 7 on
o _+ _~-
poon
N "o’
T T T
The last three hypotheses have been included here to
. . + . . os .
assess the importance of the independent X identification. The
measurement errors 2sed to 'adjust' ithe momenta of the charged particle

trajectories are the same as those found in the CERN-ETH spark cnamber



photographs measured with the HPD; multiple scattering errors
corresponding to the Omega radiation length of 70 meters were used.
The K measurement errors have however been treated independently
and various values have been tried (spatial resolution(S& ranging
from 0<5 mm to 10 mm). The results of this preliminary analysis

are given in Tables III — V.

In Table IIT the GRIND results from the 100 generated
A's are shown. On the basis of a %% cut of 1 %4 84 of these A's
were unambiguously identified. The ::o events were used to examine
the performance of the system in identifying topology. We have not yet
incorporated in our wuiliD programme tne possibiliuvy of testing tue

o . . .
= - A n° hypothesis (a decay vertex with no measured tracks) so

we have situdied the results of trying to fit events generated as =%
to the hypotheses of topology’A: where the /A originates from the
production vertex. The results are given in Table IV for two different
‘assumptions on the K+ measurement precision. Only ~ 20 ﬁ of events Tii
topology A. Moreover the A KK hypothesis is virtually uncontaminated.
As expected the angular precision on the direction of the reconstructed
,/\ is sufficient to exclude its origin at the production vertex except
in the case of short — decay lengths or forward-backward = - A=

decays. +
The events generated as A K K  arelistedin Table V.

e , 2 .
We see that A -3° ambiquities are the main problem; after a P(X")> 1

[ R,
-
O

~? v ) Lo : PR
cut only 25-40 75 of the A X X events can e unambiguously identilied

O

and this does rot appear to depend critically on the K~ measurement
precision. We shall therefore be obliged to treat this ambiguity
with statistical techniques similar to those used in bubble chambers.
Figure 15, for example, is a plot of the fitted Yy energy from the EEO
decay. Gqguine X2 °1s of momentun about 3.3 GeV/c should have a very
different spectrum with 85 % of y energies higher than 75 MeV/c.

Here again we see that the prior k' identification serves to .

R . . + = 0
eliminate the high cross section A n 7m 1n state.



o . . . o
The remaining final states involve a X s decay

~

from the production vertex. We have found in previous experimen
that the identification of X s decays (even if the apex is not seen
is rot difficult. The problem of the A -K ambiguity is less serious

. o] + - - . -
for genuine Ks - T 7 than for genuine AN - pn . The (nucleon
+ \

RZ) systems provide 1-C and 4-C fits without problems but the (v - &)

systens will ve more diff 1cul+ since the Y. decay will often not oe

seen in the chambers. E: decays however belong to unigue (var O27)
+

topologies. When ¥ ~ decay 1s seen a 4-C produaction vertex Iit can be

B
made but if not the fit is 1-C and the K momentum measuremen’ is Imporian:

~ v 3 Y - -~ o < - 1 4 14
As an example of the macss resolution we plot in figure 195
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upper flguro shows %the nass from the charged decey products; below
are sunown thae same evenis analysed as a 4-C
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X" errors assumed (o = 10 mm
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ambiguities which must be careful

0'

meszsuring brenching ratios and angular distributions. I
W

',_l

embig es will arise from shorti decay lengths, out the number O

these can be estimated. Second order effects will blas the trigger
efficiency - for example, = 7 = will interfere more with 7z

triggers than wiLL A X . Here and elsewnere we shall be greaily

coY

o

helped by having independert decay detectors. Anq,as in bubble
chamber experiments, the weights introduced to allow for detection

. . ; ; . . o - - _0
efficiency can te checked by comparing for example Y XK and ¥ L
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Concluding remarks

If and ﬁhen our proposal is accepted as a potential cfl
experiment we will build a counter array with light guides as
iTlustrated in figure 12 and test its efficiency for K" detection
at the Rutherford laboratory or at CERN. When we are satisfied with
its performance we will construct and test the remaining counter arrays.
We hope then that we srhall be able to test one or more of the counter
arrays in the 51 magnet. We do not think that our counter V2 should
disturb unduly any other user. If one or more other users were
prepared to run with the chamber around the target restricted in
depth to 125 cm we could also test counter arrays Hl and H2. The

N Lt
-2 Lesteld

w

counter 7. coul uring runs with a fast forward itrigger;

s

we should like to explore the possibility of using a fast proton

' f?,‘ [N
n
(@]

(]
e}

FA)

. . - 7t .
trigger in perail wita our own K trigger or at least to use ihe

forward Cerenxov counier %o increase our efficiency in /A identificatiorn.

We can obizain useful datla in an unseparaited beam and

although we would prefer to run at about 5 GeV/c we do not exclude

o)

other momenta. ¥e have made a Monte Carlo trial of our detection

*
efficiency for =— 1800 at 8 GeV/c. The stopping efficiency for V2

A

alone is 9 %. Ter H, and E, it is 9 3, for V, 6 7% and for Vs
s

d
1aced 60 cm froxm the beam line it is 11 4, We can moreover make
/
: *

T A s o 5 . - . - Tt
valuable *rials of X detection from the reaction T +p - Y + K

Despite the evident inconverience of our counter VS wWe
think that several other users should be able to make useful tests
during a Ef* production run. Our provisional design ensures that our
apparatus can de guickly rolled in and out of -the magnet; we expect
that afier more detailed discussion with other users we shall be able

to modify it in the interests of overall compatibility.
We hope that the two small chambers in front of the target

b (=) ’

sketched in Jigure 5, cculd be made at CZil, Altnough the design

o°
on the use of standard chambers flanxing

=
o]
=
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e}
<
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w
[
£
v
]
H
[0
' 4
w
o
(W)
w
(4
Q.
O

+ 5 —~ oy ee- s ) A 3 - —~ - - 3 3 Sy T J.
the tarzes w2 CouLl 8DLall Zreaver pre’lsion In o Iea surenientd y

using special crnambers waich we could design and consiruct ourselves.
We are glad to acknowleige the advice wanich we have recelved from
Dr. Gildemeister concernirz possible chambters and hope that we may

continue in %ne future ¢ profit from his guidance.
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We should like to do some preliminary measurements
with HPD L but 1/3 of the time on the Imperial College HFD is
" used for magnet spark chamber measurements; this should be adequate

for the modest number of photographs that we expect to measure.
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FIGURES

Spark Chamber arrangement 2.°

P+ Vs 8,+, kinematics for Kp - = K

K K

do/dPK+

Counter arrangment, plan view.
Complete apparatus, plan view
Complete apparatus, elevation

Chariot supporting counters

Sample trajectories K+p = —
K+'st0pping efficiency as a function of the slope,

KT stopping efficiency as a function of =

y-7 profile of XK' at V3

Sketch of counter module

Topologies satisfying B = + 1, Q

P(Xz) for Monte Carlo generated A decays analysed as A and

0
as Kg decays.

y h - +1-"
y-energy spectrum observed when Monte Carlo generated AKX X

i 0 4+ -
eveniScan be fitted as L K X .

*
Mass distribution of _—

1800

*ﬁgcos*VQ*

*

-1, S = -2.

massSe.
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