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I, Introduction

v This note presents further explanations_and answers
the questions raised on the feasibility and usefulness of the

experiment proposed in PH.I/COM-69-21 of May 20th, 1969.

The subject is divided into three parts: in section
II we shall review the situation concerning the analysis of the
A 1nteractlop,;}p sectlon:III arguments will be presented
supporting the use of thenguteron as a free nucleon target, and

finally, in section IV, some technical aspects will be re-discussed.

II. Status of the KN partial wave analysis

. “An exhaustive discussion on this subject, including a
complete series of references to the work done, can be found in the
Rapporteur's Talk on strange baryon resonances at the Lund 1969
Conference on High Energy Physics(l). We will not attempt to
repeat or summarize here the content of the above Rapporteur's Talk.

What we try instead is to present a somewhat detailed picture of
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what goes on behind the curtain, i.e. what is the actual work

that is done in order to interpret the experimental results.

Let us only recall that the main accomplishment of
this field of study during the last few years has been the
build-up of a consistent picture of the baryon multiplet structure
within, for exomple, the SU(3) framework. A total of 3 singlets,
3 decuplets and 4 octets appears .to be reasonably well established

and ~ what is more -~ gquantitatively consistent. This means that

the members of the multiplets have: (a) the correct masses, (b)

an established and identical spin-parity, (c) partial widths in
agreement with the requirements éf uﬁiqué coupling consfanté. A1l
this is not trivial, because it demands a correct assignment of

each individual member of the multiplet as far as its angular and
decay properties are concerned. We are far away from the rudimentary
stage of only a few years past, when the discovery of a new resonant

state was by itself a cause for rejoice.

Turning now to our subject, let us refer to fig. 1
that shows the 4 established octets and let us inspect where does
the KN partial wave analysis come in and how. The S = -1 hyperons
are denoted by their customary symbols (A for isospin 0, % for .
isospin 1) followed by their mass. The basic knowledge on these
hyperons {and Cdnsequently their attribution to the specific
multiplets of fig. 1) rests almost entirely on the partial wave
analyses that will Dbe described below. The outcome of these analyses,
when successful, is the détefﬁination of méss; width, branching
-ratios; spin, parity and resonant phases. Usually this implies
different analyses performed separately on the various available
two~body channels. .In what follows we will concentrate on the elastic

channel;;very-similaryapproacheé have been used when dealing with
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the other reactions,

(2)

amplitudes f (the non-spin-flip term) and g (the spin-flip term).

The interaction is described by the scattering
x
These contain the partial wave amplitudes T° (¢ denotes the
t
orbital angular momentum, + and - refer to a total angular momentum

T=¢ +%_ and J = ¢ - %. respectively) as follows:

H
]

A, ‘:(g +1) T: + £T-:‘ P (cos 6) (1)
iRz, EP'I - T;:I Pj (cos ) (2)

g

The scattering amplitudes are then related to the observables

(differential cross section and polarization) through

aofaq = 2% + lgl® (3)
B(do/ag) = 2Re(f &) 7 | (4)

: +
Solving equations (3) and (4) with respect to Tz is the purpose

of the partial wave analysis. The quantities to be determined
are complex and dre frequently described by means of phase shifts
(%;) and absorption parameters (nf):
£ F 55 .
Te = (n£ e . 1)/2i (5)

In what follows we prefer to represent the amplitudes by means
of their real and imeginery parts. The amplitudes will then be
shown on a complex plane, where the energy dependence will be

apparent from the trajectories described.

Two distinct approaches can be followed when trying
to solve the problems It is mainly the status of the experimental

knowledge that determines which one to choose. There are, in
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addition, intermediate situations where a mixture of the two
methods can be adopted. We shall refer to these methods as the

"energy - dependent" and the "energy —independent" approach,

Let us consider the Kuﬁ eldstic séatféring. This
reaction involves two isospin states,lo and 1;.thué, for a given
set of ¢ and J, there will be two amplitudes, TK’J(I=O) and
Tg,J(I=l)' Let us further assume that the interaction does not
involve angular momenta larger than J = 5/2 (this is indeed the
case for incident momenta below ~ 1 GeV/c). Theﬁ_the number of
amplitudes to be determined is 12. In spectroscopibwnotations
(the first subscript referring to the isospin, the gecond to twice
the angular momentum q) they are: Sy;, Sy9» Pogs Pyqo Pb3, 913, DOB,
D13’ DOS’ Dl5’ FOS' FIS' At each energy there will be 12 x 2 = 24
real numbers to be determined. So as to evaluate how much
experimental information is available when solving for the above

(%)

measurements under the form of a series expansion in appropriate

guantities, it is convenient to represent the results of the

polynomials.of the scattering cagle ©. Thus, the differential
cross sections do/dQ will be expanded in Legendre polynomials:
2

do/aQ = A IA Pn(cos 0)- o o (6)

R

(*) In practice - and depending on the quality of the data - it
is usually more meaniﬁgful to deal dirééf;y with the differehtial
cross‘sections or polariéatiohs as deféfminéd angléfby angle.
This may allow a better determination of the unknown quantities

but does not change the abovebconsiderations.
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and the polarization megsurements ?(dc/dﬁ) in first-associated

Legendre polynomials:

ac/ae) = T 1% = BnPi(cos o) - (7)
These expansions, in view of the above assumption on J, do not
need to be carried further than the 5th order. It follows that
& measurement of do/aR is equivalent to the knowledge of 6
coefficients (A to A ) and B(do/dR) to 5 coefficients (B to B )
A comparison of equatlons (6) anda (7) with (1) and (4) prov1des,
next, a set of algebraic relations between the coefficients An and
Bn and the partial wave amplitudes listed zbove., In our case,
there will be 5 + 6 = 11 relations for a total of 24 unknowns at
each energy. The problem is clearly non-determined. Let us notlce,
in passing, that the system would still be undetermined even if we
had an equal number of relations and equations. In effect, the
equations in question are bilinear and thus are not uniquely solvable.
It is however easier to choose a "reasonable" set of solutions out

of a few than out of many.

There are two ways of circumventing this undesirable
situation. One is <o measure some other quantity connected Wifh
our amplitudes. The other is df trying to guess the energy '
dependence of the amplltudes so as to relate the measurements made

.....

of useful relatlons.

The second method is clearly the cheaper one (requiring
only some imagination) porticularly in the early stage of the study,
when the measurements are necessarily limited. This is what has
been done below~ 1 GeV/c, although in & slightly modified situation.

Here the polarization is not yet available (due to serious experimental

PS/7382/ik



PH.I/COM~69-37

difficulties) and the 5 relations originating from this measurement
are missing. On the other hand, 6 other coefficients can instead
be exploited, derived from the measuremenﬁ of do/dQ for the
charge~exchange reaction K p - %°n. The latter contains the same
amplitudes as K-p a»K—p but in a different isospin combination.

In addition, the optical theorem helps with two more relations in
those regions where o and o3 (the isospin O and 1 total KN cross

dﬁ’4’5). Thus 14 equations are available

sections) have been measure
versus.24 unknowns. An energy parametrization of each amplitude
increases the amount of unknowns but - as long as jhe nunber of
parameters per wave is kept to a sensible level ~ the gain achieved
is remark?ble. I§ the region below ~ 1 GeV/c the measurements have
6,7+8,9

been done with an average momentum spacing of ~ 20 MeV/c,
If each amplitude is attributed 2 pﬁrameters to describe its energy
dependence over,. say, 200 MeV/g, this means a total of 2 z 24 = 48
parameters versus 14 x 10 = 140 data pqints, The parametrization
may or may not be adequate, but the system.is solvable and nmost

ambiguities can be easily removed.

Without entering into the details of the search, a

consistent and satisfactory solution(lo’ll’12,13,14)

has been found
in this way by means of a convenient dosage of the number of .
parameters, the type of parametrizaiion ("resonant?,:"background",

a nixture of the two, scattering-length approximatipn,,efc....)y

the number and accuracy of the data and the energy interval examined.
Fig, 2 gives an idea of the quality of the agreement that can be
achieved between the measured and predicted coefficients(12>. The
solution itself is shown in Fig., 3. The purpose of this figureé is

to give the general behaviowr o6f the amplitudes; in reality, the
solutions obtained by the different groups, although joining

‘together and being in' excellent agreement with each other, are not
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as smooth and continuous as drawn here. The resonant amplitudes
appear as circles (since they have been parametrized as Breit-
Wigner resonances)} the other amplitudes exhibit a "background"
behaviour although, of course, it cannot be excluded at this stage
that more structure will be detected when better parametrizations

and more accurate measurements will be available.

Let us now turn to the so~called "energy-independent"
approach where, given the necessary ingredients, there should be no
need to ihvoke unnatural and necessarily inaccurete parametrizations
(one still needs to invoke some artificial "continuity" requirement
which may biaes the type of solution obtained, but thisvié admittedly
a minor point when compared to the drastic assumptions of the energy -
depegdent enalysis). In order to tackle the problem, one needs to
add to the above 14 relations some other independent measurement
80 as to reach ~ and possibly oxceed - the required number of at
least 24 relatiohs between the 24 amplitudes. In principle one
can recur to any of the following measurements: (a) polarization
of the proton in Kp-Kp (5 rclations), (b) polarization of the
neutron in K_p-+ ﬁon, (5 relatigns), (¢) differential cross section
of the pure isospin 1 reaction Kn-Kn or, alternatively,
©°p » E°p (6 relations); (d) polarization of the recoil nucleon of

the reactions mentioned in (c¢) (5 relations).

Of these, below ~ 1 GeV/c, only (¢) is available and

in a statistically very limited way(ls).

Tig. 4 illustrates the
level of precision achieved in this measurement. We are still below
the required set of relations and a certain number of hypotheses has
to be introduced so as to supplement the lack of data; some of” the
main resonances (those with large elasticity) are introduced as
knpwn and the search for a solution is started from limited regions

of the unitary circles. An attempt has been made, nevertheless, to
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exploit these angular distributions. A very preliminary result
obtained with this "mixed" method is shown in Fig. 5 from ref. 16.
The feafures of the solution of Fig. 3 are still present but much
more structure is introduced. The data being what they are, it is
unlikely that anything much better than this can be extracted by

similer approaches.

The situation above ~:1 GeV/c ig markedly different.
The amplitudes are known to reach values of J as high as 9/2 (if
we stop at 2 GeV/c) and the required measurements nust be
necessarily of a much higher statistical precision. It is difficult
to assess what is the exact level of statistics necessary. to give.
a meaningful neasurenment of a 9th order coefficient (it depends on
the angular distribution itself, on the solid angle covered, ete.).
The data that will be available at the completion of the current

bubble chamber experiments(17’18’l9)

‘will. hopefully reach the
required accuracy for the differential cross sections of both
Kp-Kpand K p-Kn. The recent series of polarization

(20)

neasurenents of K"p-» K_p in this region are already the best one

can:hdpe to make without a much larger and more expensive effort.

In conclusion, fronm the experinentél ééint of view,
the situation will be, at best, roughly comparéble tb_that’just
described below ~ 1 GeV/c. But there will be a notable difference |
in complexity of thebpfoblem. To start with, the resonances are
here far less important, their elasticities reaching at most: ~ 20 Q/o
as compared to the ~ 65 ©/o of the previous region; thus, for example,
it will be much harder t¢ defend such simple-minded approaches as
assuming that a resonance is the "dominant feafure" of a certain
energy region, Sécond, the very large number of amplitudes.(ZO if
J< 9/2), together with their possible-permutations, will make the

establishment of a "unique" solution an absolute nightmare. The
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higher energy available will furthermore result in a wider variety
of decay channels for the resonances present; this, in turn, will
neke the complementary study of their inelastic channels nuch
harder (there will be less statistics per individuval channel,

proportionately less 2~body channels, etc.).

Without extending further this discouraging list of
difficulties which will be encountered in the analysis of the
KN interaction between 1 and 2 GeV/c, we would like to stress the
poiﬁt that much nore information should be nade available in this’
energy range if a definitive interpretation is to be done at all.
The additional piéce of information could come from any of the
processes under (b) to (d) above. The easiest, we clain, is the

differential cross section of K n —» X n.

Let us assume that this measurenent is done; we
can add it to the data on the differential cross sections for
Kp-EKp, Kp-En, the polarization of K p —» K p and the two
isospin cross sections, Go and 7,. There are 40 unknowns (assuming

1

mex = 9/2) and 41 equations: the problen is still formidable,

but there is some hope.

ITII., Use of the deuteron as a free nucleon target.

There are three major facts to consider in a K n
interaction. Pirst, the target is not at rest: it moves with an
average Fermi momentum of ~ 60 MeV/c. Second, the X also interacts
with the remaining nucléon of the deuteron: this is the Glauber
(or screening) effect. Third, the scattered nucleon interacts with

the other nucleon: this gives rise to a2 final-state interaction.
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When dealing with the experimental data, the effect
of the. Fermi notion can be easily accounted for. The resultiﬁg
spread in,centre of nass énergy is sonetime eveﬁ advﬁntégedus:
the continuous energy spéctrun obtained can be appéftioned in the

nost convenient way for the purpose of the subsequent analysis.,

The cffect of the other two phenomena is, in
principle, exactly calculable. 1In practice; however, some of the
ingredients are jﬁét those quahtifies which we are looking for,

i.e. the KN amplitudes. On the other hand, these can be estimated
and used to tell us if thé correctiﬁn required ié important or '
not, An approximate calculation ié'ﬁsually infrbduced to take

into account.the screening effect (see; fdr example; section III (2)
below). The final~state interaction appears to be of negligible

importance already at incident nomenta of the order of 1 GeV/e.

In what follows we shall review the experimental

situation concerning rcactions on nucleons bound in a deuteron.

1. v The pion-nucleon interaction has been thoroughly

investigated by meens of mp collisions (aifferential cross sections
. . - . + + - -

and polarizations of the reactions t p-=mnp, T p—= T D,

n-p'e non) end is sufficiently well known to offer, in principle,

an cxcellent basis of cdmpérison for the case where the target

nucleon-is bound in a deuteron. Unfortunately, the experimental

situation is not nearly as good when it comes to md collisions.

Fron the existing‘material we preseht here the fesults
. . ] . o . .
of a bubble. chamber experiment(?‘) where the following reactions

were studied:_
7td - n+p(ns) (8)

na > n+n(ps) (9)
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The criteria for defining which is the spectator particle
'(hé'and ps) are.based on the final state momenta and discussed
in ref. 21, It is also shown that the momentum spectrum of the
spectator particle is in agreement with the calculations of the
deuteron wave-function. Differential cross sections have been
obtained at several values of the c.m. energy and an expansion in
series of cos 6 (where © is the c.m. angle of the outgoing pion
with respect to the incident) was then performed. The coefficients
An of this expansion are shown in Fig, 6 for reaction (8), and

Fig. T for reaction (9).

On these figures are also shown the analogous
coefficients for the reactions ﬂ+p-+_n+p and © p > T p, both on
stationary prbtons. If the selection criteria are correct, and the
impulse approximation is valid, the two sets of coefficients. should
be identical within statistics. The latter is not overwhelming
(a total of about 3,000 events for each reaction and over the whole
energy range), but there is no evidence for disagreement. It should
be mentioned, in passing, that this same type of comparison can and
will be done in our proposed cxperiment when measuring the reaction
nd - n_n(ps)."The statistical accuracy that we can easily reach,

will be more than sufficient to allow a strict comparison.

2. The total cross sections for Kfp'and K d collisions

have been measured very precisely by the counter experiments of
refs. 3, 4 and 5 over a momentum renge extending from ~ 0.6 to
and o©,, were

0] 1
extracted from the measurements in the following way. The measured

~ 3.3 GeV/c. The pure isospin cross sections, o

cross sections can be written as

1

OK_P = "‘4"2' O'o + '"2 = 61 ‘ . ' (10)
1 3 o
= =Sl gl e MM .
%-a T 2 % > 9 dG (11)
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where the terms between inverted cormas refer to quantities spread

out by the Fermi nmonentum. The term % reprcsents the Glauber correction

(1 -2 _ o
o = (*/4m) f T "> Op-n %y (12)

where < r—2> is the average of the inverse square of the separation
of the nucleons in the deuterony the term containing the

product of .the real parts of the forward scattering amplitudes was
neglected. The measuied cross section on stationary. proton, kap’

was then spread-out according to
"o ()" = [o- (57 v ()]? & - - f13)
K'p K™p ‘

where S = (pl + pz)zland s' = (pl + P, - q)z, 12 and p2 being the.
four-monenta of the X and the proton, respectively, and q the

Fermi momentum of the proton in the deuteron. The deuteron wave=-
function is ¥(q). Using this value of "GK_p% equations (10) and
(11) were then solved for "o'o" and "cl". Finally, the Fermi momentum
was unfolded (reversing the operation done in equation (13)) and

60 and: Gl obtained.

The results are shown in Figs. 8, 9 and 10 and are
too well known to need a disecussion, ITrom thesé‘simﬁie |
and classic experiments a wealth of old and hew resonances cane
forth, The old ones (Z(1660), £(1760), A(1820)) were in excellent
agreenent with what was already known at the time. The new ones
(1(1690), £(1910), £{2030), A(2100), £(2250), A(2350), £(2450),
£(2600)) are presently being studied with different teChniqﬁés(l7)(18)(19)
in view of a determination of their quantum nunbers. Up to now,

they appear to be confirmed.

The moral is that the deuteron seems to be well
described, at least as far as total cross sections are concerned, by

the simple picture presented above.
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3. Another reaction has been reﬁsoﬁably well studied

and offers a very convenient test ground for our comparison.

This is X 4 » An (p ) and the equivalent reaction on free protons

K—p e»Ano. The cross sections for the two reactions rust be in

the ratidvof 2 : 1 if isospin conservation is valid. The

experimental methods followed for the analysis of the two reactions
are described in ref. 6 (for Kp->An) and ref. 15 (for X d - An‘(ps))'.:
The calculation of the deuteron wave function, corrected for the |
screening effect, is in good agreement with the nomentun spectrum

of the spectator proton shown in Fig. 11. Only spectator moﬁenta

up to 300 MeV/c have been accepted; the possibility that the proton
participates in the primary collision becomes too large beyond

this momentumn,

The K mnonentun region where both reactions are known
extends from ~ 0.6 to ~'2 GeV/c. The comparison of these reactions
can be done at all stages: total and differential cross sections,
even polarizations., Fig, 12 shows, for example, the two &ifférential
cross sections at ~ 860 MeV/cg6)(15) The measurements are based
on about 200 events for each reaction. The normalizatibns are
conpletely independent. Fig. 13 showé the same situation ét
~ 900 MeV/c; here the An’ reaction i drawn as a continuous histogran,
the AT~ as separate points. Also indiGated is the best fit of the
Aﬂo date to a Legendre polynomial expansion of the type given by
equation (6). Tﬁe sane expénsion can, of course, be done over the
A% data and the coefficienté~An of the two sets can be compafed.
This is less cumbersome than inspecting a large number of angular

distributions. Figs. 14 and 15 give the coefficients in question

from ~ 0.6 to ~ 1,2 GeV/c(zz). Fig. 16 gives the data from ~ 1.2
| (18)(19)

to ~ 2 GéV/c'ffom different experiments
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_ No systematic deviations can be seen, the agreement
being overall good. It shpuld be pointed out that the presence
of a possible final state‘ihteraction between the A and the
spectator proton has nqt‘been considered. The fact that the
need for such a corie&tiah is not felt, indicates that the effect,
if present, occurs at a level which is below the statistical
accuracy. This is interesting, because the A-~nucleon interaction '
is not.very different from the nucleon-nucleon interaction, thus
suggesting thet final state effects in XK d -» X n (ps) could be

equivﬁlently unnoticeable,

4, Other reactions have been studied, such as

X d-27n(p ) and Xd - Zoﬁ_(ple Here, however, no direct
IS

comparison is possible with an equivalent reaction on stationary
nucleons. The proton rcactions are K p - ', & ', Zon° and

none contains a pure isospin 1 final state. An indirect test is
still possible fron  the results of the partial wave analyses
of refé. 23 and>12. These resu’ts yield a unique prediction of the
I =1 Zn channel. Thesc are shown in Fig. 17 under the form of
predicted differentiéi cross sections (the dotted lines) for the
reactions(l6) Kd- Z—WO(pS), Zon'(ps)(added together so as to gain

statistics).

The agreement is very reasonable considering the
approxinations involved and the considerable experimental problens
associated with the identification and measurement of all the

reactions used,

5. : A situation which is'very sinilar to the one described
above, but worse statiétically, occurs for the existing experimental

(15) on X d - K-nfpsl. Here again no direct comparison
can be made. The KN amplitudes of refs. 10,11,12 obtained fron

information
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- ~ P g =20 4 - 23 e
Kp-»Kpand Ep »En can bo used to prodict the differential
crogs sections of the I = 1 reaction. The comparicon is made on

Fig. 4 and, for what is worth, agrees once nore.

6o A final comnent can be nade on a class of phenonena

which, although not obviously connected with the reaction we
propose to study, arc still relevant %o the issue of whether or
not a bound nucleon in the deuteron can be thought of as a free
target. An example of these phenomena is the process

KN - 5(1760) ~ i(1520)% - Tam. This chain of fornation and decay

of resonances has becn observed with X on free protons and on

bound neutrons in the reactions

.- ,
Ep-3n 7° {14)
- KA

Kd->Snmn (ps) (15)

in the neighbourhood of ~ 950 MeV/c(24)(25).
The results are - :nerkebly sinilar, down to the
details of the various sngular distributions: the decay of Z(1760)

into A(1520) and “the sucoeassive decav of A(1520) into Im.

Figs, 18 and 19 show the cross cgections and decay angular distributions
for the reactions (14) and (15) respectively. It is unlikcly that

such a consigtent and striking sicilerity could be preserved in the

presence of serious perturbing phenomena not yet understood.
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IV. Experimental aspects

In this sec{ion, we shall first discuss'the effect of
the various measurement errors in order to make preéise fhe constraiﬁts
which are imposed by the apparatus. We will give at the end some
technical details concerning the magnetic spectrometer and the neutron

detector, calibrations and efficiencies.

1. Klnematlcal reconstructlon' The experlmental set~up that

we intend to use will allow the measurement of

(a) the momentum and the angle of_the scattered K using a magnetic

spectrometer,

(b) the angle of the repoil neutron interacting in the polyethylene

plates of a large spark chamber.

‘With the exception of two windows (for the K .and the neutron), the
target will be surrounded by an anticoinc;dence eountep in order to
get rid of all inelastic channels Wiﬁh“chérged partieles or pi zero.
At the same time, this anticoincidence introduces. an average upper
limit of about 250 MeV/c on the momentum of the spectator proton for .

the accepted events.

Using these quantwtles, the klnematlcal reconstructlon of
the events amounts to the resolutlon of a second order equatlon,
sometimes called a "zeromconstraln " fit, ,We have checked, us1ng aﬁ
sample of randomly generated events, thatﬂfhere is no ambiguity in the
choice of the good solution as long as the scattered neutron momentum
is greater than ~ 300 MeV/c which is also the limit above which one
can distinguish if the scatfering has taken place on a neutron rather

than on a proton.,
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The quelity of the reconstruction has been estimated
with a Monte Carlo method. The computation was done for a certain
number of fixzed scat;ering engles of the K meson, corresponding to
various éettings of the spectrometer. The momentum distribution-of
the target neutron inside the deuteron was generated according to
the Hulthen wave functlon..vThe events were then reponstructed _
taklng 1nto account the following uncertainties (a) the beam
momentum: spread, (b) the measurement errors affecting the scattered
K momenfum and (c): the angular errors of both the K and the neutron.
For each event the deviationé.between the generated and the reconstructed
centre. of mass energy,(Ecms) and the X scattering angle ((%m) have
been calculated. The histograms of these deviations ‘are shown on .
Fig. 20 and 21 for two values of the incident K momentpm and different

error sets as’ described in their respective figure captions.

It is interesting to study the effect of each error-soutce

on the finsl resolution:

(a) the error on Ecms is, of course, very much dependent on
the uncertainty in the incident momentum; to be able to get a resolution
better than i70.5 0/o, the uncertainty on the incident mdmentgm must
not be larger than I 1 °/o. Thus one could either work with a
momentum bite smaller than + 1 °/o or use a hodoscope (proportlonal _
wire-chamber) to measure each keon in the momentum»dlspersed beam -.:

this last solution ‘having the advantage of a hlgher rate of datq taklng.

. (®) the accuracy of the momentum determination of the
scattered K—, using a magnetic spectrometer with a field of 10 KG, is
of the order of Ap/p'= = 8 10“3p(GeV/c) i.e. 1 to 2 90 in the energy
range considered. This has some importance only for the forwardA A_
angles. Both’EémS and cos 6, are insensitive to the exact va}#é‘o?f‘

the momentum’ for a backwerd X within the errors limits given above.
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(c) The X~ scattering angle is obtained by measuring the
incident and scattered XK with proportional wire-chambers. The
maximum ﬁhéértainfy on this angle is at most 10 mrd including the
multible écéiteriﬁg; the contribution of this uncertainty to the
resolution both in E oms and cos om is minor. This is also the case
for the angle of the recoil neutron: an accuracy of 20 mrd can easily

be achleved, “this being largely sufficient.

The. reconstruction of cos gcm is always very accurate;
98 ©/o of the events are inside the range A (cos gcm) =% 0.04.
This is accurate enough for the purpose of the analyses discussed in

the previous sections.’

Fig, 22 shows the comparison between the input momentum
distribution of the target neutron for the generated events and the
same distribution after the reconstruction, again for ftwo values

of the incident momentum,

2. ‘ Angular range of ﬁhe apparatus: The forward 1imi£ is
due to the use of deuterium as the neutron target, as explained in
the original proposal. It can be seen that it is neceséary for the
neutron momentﬁm to be larger than ~ 300 MeV/c and for the spectator
proton momentum to be smaller than ~ 250 MeV/c if one wants to limit
to less than ~ 2 o/o the probability that the interaction has faken
place on the protoﬁ rather than on the neutron. The corresponding

limit on cos gcm is given by the Pig. 6 of the original proposal.

In the very backward direction, the cms solid angle of
our apparatus becomes extremely small. Moreover the decay rate of the
scattered K decreases the efflc1ency of good events below a

reasonable level. We have cqlculated an average value of - O, 85 as
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the lower 1limit for cos o . Of course, this limit can be shifted

if more running time is available,

Another difficulty for the very backward setting
arises from the fact that, beyond cos gcm == 0,9, the beam

must cross the neutron detector.

3. Magnetic spectrometer: We intend to use an autoﬁatic
system consisting of wire chambers working in the proportional mode.
Such a sygtém, in spite of its price, presents many advantages which

are pfeééhfed below.

In our measurement a correct evaluation of the absolute
value of the cross section for each energy and angular interval is
essential., The apparatus must therefore be fully efficient for the
whole solid angle in presence of a possibly large and non-uniform
background_(as anticipated on the basis of our experience with the
m7 beam). The counting losses due to the dead-time of tthsystem
must also be accurately known. We think that the proportional
wire-chamber offers greater security in this respect. There is no
correlation between the different wires; thus the efficiency to detect
more thanone:track is complete for the whole surface of the chamber.

In addition, spurious tracks are accepted only during a period of

50 ns in contrast to the usual 300 ns for a conventional spark-chamber,

Concerning the dead~time, one can make the following
estimate. When one wire is excited, its associated elecﬁronics is
closed during about 500 ns. To get.a counting loss of i °/o, a wire
would need to be hit by 5 lO3 particles in a bufst of 250 ms.
This number is much larger than the possible background‘for an
individual wire in any chamber of the spectrometer. ‘The overall

efficiency will then be very high.
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Another quality of the proportional wire-chamber is
to deliver a fast signal which can be used directly by standard
fast electronics. The frequency of occurence of the good Kn
elastic events is rather low. An automatic system will thus easily
permit the simultaneous recording of data on the reaction
Kd- Kop (ns)(which is very useful to check the validity of the
use of deuterium as a free nucleon target by comparison with the
same reaction on free protons), and also data on the elastic
scattering Kd -»X d, TFor each setting of the spectrometer, we
wili also wént to record data on the reaction m d » 7 n (ﬁs) and
n—p (ns) S0 as to have a permanent calibration of the efficiency
of the neutron detector (see below in section 4), This can be done
simultaneously during the K data taking, or in separate runs,

depending on the degree of saturation of the system,

4. " Neutron detector : This will consist of a series of 20

spark-chamber modules, each consisting of three polyethylene plates
1 cm thick. The system is to be triggered each time a scattered K

is detected without acconpanying charged particles.

For neutron kinetic energies below 100 MeV, the
efficiency of such a device can be deduced from the measurements
reported :in ref. 26 with a similar device. A minimum range of two
. sparks has been imposed for the acceptance of a track. For higher
energies, one can assume that all inelastic n C interactions will be
visgible, The nC diffraction elastic scattering does not contribute
to the number of visible events ; its only effect is to decrease
slightly the spatial resolution of the chamber. The detection rate:
of the system has been computed at high energy using the known nC

absorption crosg section and the np total cross seetion.
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Fig. 22 gives an idea of the expected variation of the
neutron detection efficiency with energy, in our spark chamber.
Thinner polyethylene plates may be advantageous when working at
lower energy; we will test this possibility during the calibration
run. From fig, 22 one can also appreciate the contribution coming
from the visible elastic np scatterings. Taking into account the
range of the recoil proton inside the chamber, one can estimate that,
below 500 MeV/c, about 30 O/o of the events will come from elastic
np scatterings. For this sample a supplementary constraint can be
used in the kinematical reconstruction; also a rough idea of the
polarization of the scattered neutron can be deduced from these

events.

A calibration of the neutron detector is needed. The
best way to produce monoenergetic neutrons, starting from a convential
neutron beam, is to use the neutrons scattered from a hydrogen target:
a telescope measuring the angle and range of the recoiling proton can

be used to monitor the number of neutrons at a fixed energy.

A permanent check on the stability of the detecting
power of the chambgr, will be made during the experiment by recording
from time to time (or simultaneously) data from the reaction
nd-Tn (ps). This reaction can also be used for the setting-up of

the whole apparatus before using it in a K meson beam.
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Figure captions

The four established baryon octets.

Measured and predicted coefficients of the Legendre polynomial
expansion of eq. (6) for the reactions X p = K-p and X p - E°n

from ref. (12).

Argand diagrams of the p:rtial wave amplitudes in the KN channel from
threshold to 1200 MeV/ec : a) isospin 1 amplitudes; b) isospin O
amplitudes - From the work of ref. (12).

Differential cross sections (do/d cos ©) of the reaction K n + K n

from ref. (15).

Argand diagrams of the partial wave amplitudes in the K n channel

obtained from a "mixed" approach as described in the text. From ref. (16)

Coefficients of the expansion dc/dQ = g An cos'@ for the reactions

n+p'* n+b and n+d'* n+p(ns) from ref. (21)

Coefficients of the expension do/dQ = & An cos'® for the reactions

n_p'* n-p and n+d'* n+n(ps) from ref. (21).

Total K N cross sections for isospin O and 1 from ref. (3)f
Total K N cross sections for isospin O and 1 from ref.. (4).
Total K N cross sections for isospin O and 1 from ref. (5) .

Momentum distribution of the spectator proton in the reaction

K-d'*‘Anu(ps)' from ref. (15).

The differential cross sections (do/d cos ©) for the reactions K-p -+ Aq°

and X 4 *’Aﬂ-(ps) at 806 MeV/c from refs. (6) and (15).
Same as in fig. 12 but at 904 MeV/c.

An coefficients of eq. (6) for the reactions K-p »An° and K n = An
from ref. (22).
B, coefficients of eq. (7) for the reactions K p = An_ and K n = An fron ref.

(22).
An coefficients of eq. (6) for the reactions K p +An’ and K n »An

from refs. (18) and (19).
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Fig. 17 Differential cross sections for the reactions K n a-E-no and
2% (added together) and the predicted distribution from the
I = 1 components of the partiel wave amplitudes solution of
ref. (23).

Fig. 18 x(1760) » A(1520) + 7 (on hydrogen) from ref. (24).
Fig. 19 12(1760) » A(1520) + © (on deuterium) from ref. (25).

Fig, 20 Resolution of cms energy and cos gcm as calculated by a Monte Carlo
method for different values of the laboratory angle of the
scattered X inK d =K n (ps); The following uncertainties have

been assumed

~ incident X momentum : Ap/P =21 %0
- scattered X momentum : Ap/p = T
- scattered K angle | : AGK =310 or
- neutron recoil angle : AQn =120 ur

The hatched histograms correspond to an incident momentum of

2 GeV/c; the other to an incident momentum of 1.2 GeV/e.

Fig. 21 Same as in fig. 20 but with the Ap/p of both the incident and

scattered K momentum equal %o Yo O/o.

Fig. 22 Comparison between the momentum distribution of the neutron target
inside the deuteron (Hulthén wave—function) and the same distribution
after reconstruction, using the error set listed in the figure
caption of fig, 20, The continuous curve corresponds to the
Hulthen function ; the hatched histogram to the results of the
Monte Carlo calculation at 2 GeV/c; the other, to the calculation
at 1.2 GeV/ec.

Fig, 23 Efficiency of a neutron detector consisting of 60 polyethylene
plates 1 cm thick. The hatched part shows an estimate of the
visible neutron interactions expected when requiring at least
two sparks to define an interaction. The contribution of the np

elastic scatterings is also shown.
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FIG. 2. (a) Cross sections for the reaction K~ +n»
—Y*(1520)7~ at various incident momenta. (b) Ratio
of the number of experimental events to the area un-
der the theoretical K™ c.m. energy distribution curve
for the reaction K~ +n—Y*(1520) + 7.
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FIG. 3. (a) Production angular distributions for the
Y(*(1520). (b) Decay angular distribution of the
Y,*(1520) with respect to the production normal.
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