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1)} ZIstroduction

This paper presents the resuits of a measurement of the spin rotation
parameter, B, in the r=action x+p + ¥*t ar cwo incldent pion_mbmenta, 1.5%
and 1.88 GeV/c. The experiment was run at rhe CERN PS using the Rutherford
Haltiparticle Spectromeker {RM3). It was a follow-up to the experiment
performed at NIMROD in which the differentlal cross-gections and

(1)

polarisations were measured st 26 momenta between 1.282 and 2.473 geV/c .

(2>

4 partial wave analysis of the earlier data was garvied oup, vielding
parameters for a* resonances formed In this reactlon. The objective of this
sacond experiment was to add gualitatively new information te the partial
wave analysis by measuring the spin rozation parameter, the only other
observahie available in this reaction, at a few points in the above energy
range. 1u principlie, the measurement of £ atf a mouwsntum point resclves many
of rhe mathesatical ambjgeities present in the pargial wave analysis which
in reference 2 were only resolved by contlouity and the imposiziom of

resonance behaviour in certain domipant partial waves.

4% its name impiles rhe messurement of B iovolves the correlstion of the
initial spin of the target proten with the suigoing spin of the £*. The
initial spin divection was dafined by the use of a frozen $pin polarised
rarget yielding average peolarisations of the ovder of 95% for free protons.
The putgoing & spin dirvection was measured using the weak decay of the el
into pud. This experimewt is the first to atitempt to weasure the §
parameter in this reaction., The only comparable data 1s the wmaasurement of

the same parameter in the reaction ¥ p + Kﬂhﬁis},

2} Ezperimental Conditions

2.1 Rutherford Meltiparticle Spectromefer

RMS was a largm dipole magnet (Gm x 2 x 1.35w) eqguipped with fracking
detectors and trigger ¢ounbters, originmally built to stady complex reactions
in the ensrgy range avallable at the NIMROD ascelerator at the Rethexford
Laboratory. The detecter layout used in the previous experimsst at NIMROD

is describsd In some detall in geference L. It conglsted of & set



of ¢ylindrical spark chambers surrounding the target, @ set of Jdownsiyeam
flat spark chambers, & set of flat spark chambers to one side of the targer
to measure slow pugitively charged tracks that curve in thar diveceion, z
set o¢f multivirve chambars ro define the momentum and dirsctlion of beanm
particles, time of flight and trigger scintillation counters behind the two
sets of flak chambers and a downstress high pressure gherenkov counter that
vetoed pions above about 1.3 Ge¥/c. This lasyocub had a high acceptance for
xtrt » K*gzg final states produced in the plane of the wagnet and proved
very auccessful in belng able to reconstruet fully the ot s pr® decay and

separate this reaction from the possible backgrounds.

Several minor changes, detailed below, weve made for the zscond stage of the

experinent:

a) The magnel wasg medified by the addizion of carefully shiomed pole
pigces which provided the 2.3 T field, uniform over the volume of the

target to *.4 mT, required to polarise the target uniformliy.

b} The side spark chambers were replaced with proportional chambers
{5014},
e} Two propoertional chasmbers were placed behind the large downstraanm

hadescope {D81, DS2).

43 The first downstream £laz spark chamber wag vepiaced by @ proportional
chamber (MO1).

2} & 20em sguare proportional chamber wag placed after the eyliadrical

chambars (U1).

£) The downgtrzas hodoscope, J1 was raised so that the bottom slemeni was
centrad on che incident beam. The downsiream cherenksy was ralged to
cover the same aperiura.

The layour for this expsviment 8§ shown in Figure 1.

The objeative of the chaages was Lo provide extra triggering capabilicy

uging the MWPE, since the trigpger for the first part of the experiment

was mot appropriate for the spin rotation measurement, and also to provide
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soms increassed track point sccuracy and efficiency.
2.2 The beam

Iz was originally proposed to run both the hydrogen target and'polarisad
targer experiments @b NIMRGD. Howewer on the closuve of NIMROD che
equlipment was moved Lo CERN and inscalled la the Bast Hail at the P, A
conventional separsated bean with one sbapge of elsctrogtatie separation
provided approximately 10° positive pions per pulse of s few hundred
nilliseconds duration. The proton contamination was wery small but the
idenrification of C[he beam particle was gonfirmed by a time—of-flight
measurement overy 13w with an accuracy of * 258 psec. The electron and muon
contatwinations were separately weasured. The beawm would provide pilony from
1.3 to 2.5 CeV/c but good data were obetained at only two momenta, 1.59 and
1.88 GeV/c.

2.3 Trigger

The dipole configurarloun of the msageer is noi ideal for z spin rotation
measurement as the maximum effect cceurs when the polarisation directiion,
which 1s aligned with the magnetic field, lies inm the avent production
plane {See Section 4.1). The trigger was designed to gelect events which
could be fully reconstructed in the deleckor and approached as elosely as
possible the desired orientation. This goal could best be realised in two
limited kinematic veglons; the “"forward™ region (0.7 < cos 8 ¢ 1.0) and the
"backward” region (~0.9 < cos ® < ~0.1) where cos € is the centre of mass
scattering angle of the Xt.

The forward triggsy depanded a2 correlation in the bending plane betweesn the
coordinates of a track in MHPC U1 and DS1 based on the known kinematics of
the K¥'. As well as these forward X' events this trigger also acgeptad an
appreciable fraction of the protons from backward KI events which have a

similar momentumfangle correlation.

The backward trigger demanded 3 track in the backward part of the first side
MWPC (301) plug & forward frack in Ul and D81 but without requiring the
correlation ia position in the two chawbers. In addirion any hits io ths
ragions of MDI mot covered by ULl and in the forward part of DEL vetced the

evenk.



Both trigeers reguired s count in the hodoscope J1 and no count in the
charenkov counter, thus vetsing plons over 1.3 GeV/c momentum. The presance
of a good heam particlae was impozed by gointillation counters and solid

gstate counters in the bean.

s Polarised rarget

& frozen spia target 1Zcm long and lom radius made of propanediol (U

30,83

was vsed, giving a free to bound nucleon ratlo of 1:83.5. Two HMR coils

#

arcund the target measured the target polarisation.

The rtarget was poelarised in a field of 2.5T at a temperature of sbour 1K
bstwenn the shimmed pole pleces added to the RMS magnet. Typically
polarisasions of $3% WELE achieved, determingd by calibration of the MR
coils on the aatural polarisation of about 0.253% produced by the polarisisg
field alune. The targe:t was then cooled to delow 50xK and wmoved to its
working posltion in the experiment where the polarisation was nalntained by
the 1T field of the RMS magnet. Polarvisation 1iferimes ¢f typically 800
hours for positive polavisatlons and 3380 hours For negabive polavisations

ware obtained.

Bata were taken In russ of typically 3 days between repolarisation for
pozltive polarisations and 2 days for negative. The analysis proosdure
adopted {see section 4) dependsz on the mesn +ve and —~ve polariszation belng
equal to better than the error on the polarisabion value obtained in the
subsequent anzlysis {cypically 18X}, Siudy of the HHR neaguvements shous
rhut the spread in the difference in ipdtizl polarisation measurewsaats
betveen positive and negative is 3%, and the difference Lo average
polarigation due ro the difference in polarisation lifetismes in the twe
cases 2.8%. Alse the rum to run stability of the pelarisation measurement

was found to be good to 3%,

We conclude that the positive and negsitive polarisaiions under wshich the

experiment was run were equsl to bettser than % 6%,

Two solid state counters mounted in the target cryostat and operated at

liguid helium temperatures ensured that the beam trajeetory passad through



the rarget matevial and avoided the significant masgs mutreounding the
propanediol target.

3) Dara

3,1 Dara takipz

Because of problens with satting up the polarised target* oniy one monkh of
good data taking was available before the PS shutdown during which rthe East
Hall was o be remodelled for LEP operatisns and the besm line digmastled.
In thig period useful data could be taken at only two momenta, 1.6% and 1.88
Gev¥ic. Mopsover, in opder fo obtain the maxinua data in the miaimuam time,
only the forward trlgger was run as this trigger asccepted both forward and
backward events, though with & reduced efficiency in the backward direction.
Approximately & x 108% triggers were taken at each momentum point, 3 x 100 ar
cach polarigation setting. Again in ovder to save time the polarisations
were not reversed after gach 2 or 3 day polarisation period but the
polarisarion was copped up to its maximun value. The polarisation was
reversed aftey all data at one setting had been obtained; typlcally less
than one week's runnlng. The study described above in sectlion 2.4, together
with the powerful analysis technigue gvailadble and the observsiion that the
statistical precision available did not reguire high precision on the

polarisation measuremant, confirmed that this arrangement was adeguate for
thle experiment, though not ideal.

3.2 Data reduction

Essentlally the same data reducitlon programs were used as ln the first part
of the experiment. These are described in sowe detail io reference 1.
Tracks with more than & hits vere found and had their ficmenta and direction
fivted with high efficiency {preater than %5%Z}. Corrections for Ex8 and
track angle effects ita the spark chambevs wers applied and the full

*
The original target vesssl could not be used. We woeuld like to thank the

CERN polarised target group and partlevlarly Dy T Wiinfkowsk! for the laan
of a similar vessal and their help during the setting up of the polarvised
carget,



corvelated Coulomb scattering ervor matrix uged in the fib. All paivs of
outpoling tracks were subjscted to a conbined geometrisal and kinematie
fiteing procedure which performed a two vertex geomeheical fic to the ﬁ*p +
KTt o+ k%px® reaction sublect to the kicematical econstraints at each vertex.
The dacay length of the S*, whlch was net observed in the tragk detecktors,

was 4 parametar of the fic.

In addition the times of flight in hodoscopes 31 and J2 (if the larter was
hit) were caleulated and a time of flighe ¥2 added to the kinematic x2.

Fits were also carried out for the single vertex hypotheses mp + wp, n pn®
and wTrn.

The same cuts Lo separate XL events from background were nsed as in
veference 1. Studies there showed that for events praduced from free
hydrogen a pure sample of X¥E¥ events was obtained with less than 4%
contawination of background events. As an indiecation of purity of the
sample Figure 2 shows the time of flight probabiliry for tracks that hir J2
agguming that they are 7, K or p after kinematic fitting and before the
final selection process. Tt can be seen that even at this stage the

msjerity of events contaln a good K+.

1.3 Final event Sample

it was found that at borl mopenta the svents entering the lower element of
nodoscops J1, i.e. evests whose production plaans is perpendicular to the
pelarisation direction, contained conslderably wmorve background than these ia
the obther two elements. Since Lhese events had lew weight for the
determination ¢f § they were rejected. OCuts to ensure good measurability of

the tracks and vertex position cuts were also Luposed.

Finally a selected sample of 3297 positive polarisation and 2898 negative
polarisation E¥ZY events remsined at 1.69 GeV/c and 2748 positive and 2721
negative events at L.88 GeV/c., The distribucion in 2¢s @ for the twoe data
sets ig shown in Filgure 3. Due ro a wmisalignwent of the crigger couaters Ul
and DE1, the acceptance of the forward trigger o forward xtsY events from
free hydropen was poer. However, if bad little effect on Lhe acceptance forv

the backward eveants which was insensitive to their positioning.



3.4 Monte Carlo

As in the hydrogen Larget experiment a complete simulation was carried out
using Meante Cavle geaerated, tracked and triggered events which were then

passed through the identical set of vecoustruction and selection programs.
The decaills are the same as ghose described in refgrence 1. About three
times as many good Monte Carle ag data evenis were produced. This involved
the generation and tracking of approximately 0.5 willion K'IF events at each

polarisation aod momentum secting.

4} Data Anslysis snd Resulis

5.1 Formalism and method

The reaction nfp » KTt o K+pﬂ0 ig described by 5 wvarlables. We chose;

i3 Total centre of mass energy (8).

2} Lentre of mass production angle of the gt {83, {g‘i = cos © where 7 is
the incldent pion direction and X is the outgoing i direstion)

3) Angle between rthe polarisation diresction and the event production
plane projected onte the plane perpendicular to the incident
divecstion {4).

a4y the polar {Gé} and azimuthal {éd} decay angles of the proton defined

3 in the gt decay [rame such that the pyobton direction (;} has

COLpONEMNLs

§.S = cos @,y E.E = gin Qd cos ¢, ;.{E x 1} = sin ad sin 4

where n 1s the normal to the production plane (7 x K} and £ is the &

direcstion.

For a given ceantre of wmass energy and production angle bin the digiribution

function 15 given by

Wel+aPcos @ + P [P sin ¢+ afsin ¢ cos 9, + /(I-¥%}

sin 8& cog 4 sin (6 4+ $q ~ 8}



where P is the & polarigation
?? is the target polarisation
g is the L asymmetry parameter {~0.979)

B is the spin rotation parameter.

Note that P can be determined twice, once from che I decay and once from the
polarised targer term, alsoe that a terwm a?? sin ¢ cos 8& exigty which is
independent of the § polarisation.

The three parameters P, P g can be determined by & maximum lilkelihood #it

T’
of the data to this expressioen, that is by wminimiging the expression

H
- in { B Qi}
=3

NA

A Is the integral of W weighted by the acceprance of ths experiment,
detercvined by the Monte Carie simolation, and ¥ is the fotel number of

gvents.

A slgnlficant simplification can be wsade by observing that the two settings
of the polarisation are equivalent to taking data with the game polarisation
in regions corresponding to ¢ and 4 + w, HMakiag the 9 Cransformacion in the
expression for ¥ Lt can bhe seen that a#ll terus apart from ofcos 6d changs
gign, Thus 1f we analyse the two data sets as one, with the negative
polarisarion reverssd and its ¢ transformed, then all teves in the integral

A, except the ¢Pcoaf . term, vanish under the assumplions:

d
a) that the acceprance is the same for the bwo polarisation ssttings, a
good assumptien for the 1.69 and L.8Y data which werw tgken over &

short period with the equipment ie & stable configuralion,

b} that the distribuetion of background evenrs (i.e. K¥It events from
unpolarised protons and events that are not EVIT but that pive fits
and pass the selection ¢riteria) are the same In the two polarisatdien
seftings, again a good assemption sines the background from bound
protons is unaffecied by the polarisarion setting and the snalysis of
reforenge 1 showed that the background from free protons is
negligihle,

e} that the free polarisatlion {s the same in the two settingz, justified
in section 2.4,
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Since the transformed dntegral depends on only oune varlable ir can be
determined to a sufficient accuracy by rather wodest awcunts of Monte Carla
datz, in contrast to the integrals tnvolving 8. Furthermore ifs worrelation
with B is small so thst¢ the detéraination of 8 L{s almost independent of the

-

detailed acceptance of the expsriment.

A correcilon has been applied to take account ¢f the small difference {(less
than 10%Y in the amount of data taken at the iwo polarisatlion settings by
waighting the negative polavisation data by the ratio of the beam counks in
the two sstiings. Smaell evrers doe to differences in trassmission
coefficients in the twe settings are below the seasitivity of the
experiment. Tesats were made with different values of the weighus, within

reasonable ranges, without affecting the value of B within iks errors.

4.2 Fitring procedurs

The sample of selestsd svents consiste of three types

a) Ktet avents off polarised free protons
b) Ktrt eveats off bound protoas (zero polarisation)
<) background non-XTi¥* events,

Events of type b} meraly dilute the effective targat polarisation from the
measured 934 of rthe free protons. Events of type ¢} will obviously not have
the characteristics of K'IT zvents and in parbticular, since they wilil
generaliy come from events noi countzining weak decays will have zero or low

effective I polerisations as measured wlth the oPcos Qd torm.

I¢ might he hoped to distinguish between the free proton events and the
others using the kinematic fit probability. This probability was studied
for the free hydrogen data in reference 1 and found not Lo be flat but to be
peaked fo low values. This was atrvibuted to residual misalignments of
chawbey positions and uncertainties in the field maps and 4n spark
carrections. These effects are expsciad to remalin in this dsra. 1In
addition events of types b) and ¢} would be expected to populate the low
probability region. Figure & shows a typical probabilify distribution.



Fits were nmade with 2 variable lower probdability cub. The results for P gnd
?T are shown in Figure S5 for the 1.89 GeV/c¢ dats. It can be seen that the
absoluke walue of P rises as rhe cut is Increased aand chere is alse a
tendency for PT to rise. Thess reflect the removal of avents ghich are not
&ttt off free hydrogen as Lhe probabllity cur is incressed. & probabilisy
eut of 5% optimlses the removal of backpround while retalning a maximum
aumber of events, Figure 6 shows the measured X polarisation {P} at 1.69
and 1.88% GaV/c with this cut sosmpared wilth the results obrained in tha
hydrogen target &xparim&ntil}, The agreesent is good, indicaving that the
Eivting process is working well and justifyiag the assumptions made.
Effective target polarisations of around 20% were obtained, represaenting the

dilavion of free with bound proton events.

4.3 Measuremoent of 8

The valueg of 8 obtained with a 534 probability cut in & blons of cos 9 at
1.6% and 3 at 1.88 are plotted in Figure 7 and tabolated in Table 1.
Bevause of the different acceptance at the two momentum pointg the cos 8
binning g different in order tu obtain approximstely equal sumbers of
events per bin. The data with cos D < — 0.7 ar 1.88 Ge¥/c lhad small values
of effective tavrget polarisation and teo big errers on B to be useful.
Within the guoted errcrs the value «of § is not zffected by tha value of the
probabillicy cur. Figure 8 shows some sample distributions of the anple
combinations imvelved in the expansion of the distribuation function ¥,
together with the Hoerte Carlo expectationg given the values of the firted
paranaters. Note the generally goed Fits; the combination sin ¢ cos 8& is
degendent only on the target polarisstioen (PT}, cOs Qd ig dependent only on
P. XNorice also the broad range of the distribution inwolving cos {(&8)
{cos % sin Gd sin Qé)« The expariment lhas good sensitivity to B despite the

restricted acceptaace.

A.4 Comparison with the partial wave analvsis

The partial waves determined in reference 2 weare used to calculate Lhe
expected values of B. The formalism used in references 3 and 4 was

folloved., #rpiefly this veaction 1s described by a scattering matrix

MEEFdign.g
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where £ is the agsn-spin-flip amplitede
g 1s the spin~flip amplitcude
ls the production plave normal

n
g ave the Pauli spin matrices

The observables Io {the intensity for zero rtarget polarisation), P {the

polarisation) and B {(spin rotation augle)cﬁ) are defined in revms of £ and g
as
Io 1£1< + g1
%
IOP = -2 Im (f g)
- i-dg
8 = areg (Fig)

E
= l:anwl (M.}
£33 1212

43

£ sud g can be simply caleculated €rom the parcial wave amplitudes 7.

The predictions of the partial wave analysis are plotted as the curves on
Flgure 7. The overall agreement of the new data and the predictions of
reference 2 is not good. The ¥2 of the £it at 1.59 GeV¥/c is 22 for & data
points and 3.4 for 3 data points at 1.88 Ge¥/c.

(63

The Bavreiet zevos formalism has been used to calculate the 1024
ambiguirties to the partial wave amplitudes determined in reference 2 at each
of the two data polnts measured here. Amongst thess ambiguities a number
can be found that give good values of ¥2 for the fit of their pradicted B
values to thess swasursd here. Howevar none of them have the pattern of
ampiitudes I the high partial waves (?2? and above) that was inferred Efroam
the resopnance pattern in these waves determined in the elastic channel and
used in referenss 2 te constvain tlie energy continuity of the solution. A
new partial wave analysis incorporating this data is needed to determine
whather a £4t to B can be obrained by small adjustments arcund the values
found in reference 2 or whether o solution corresponding to a completely

different Barrelet ambliguity is required in this energy region.

wlzm
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Table 1

Measured values of B {all valuss are modulus 29)

| ,
1.69 Ce¥/c { 1.88 ga¥l/e

{

{
%cos ¢ range g } cos O range g :
i | ]
i [
{w 0,8 ~ 0.7 - 1.4 % 1.0 {
§~ 6.7 - 0.4 - .7 % 0.9 § — 0.7 = 0.5 1.2 £ 2.1 §
E* G4 - 0,1 0.9 + 0.9 { - (0.5 — 0.3 0.2 1.4 ;
| 0.7 0.95 - 1.3 0,9 | 6.7 0.9 1.4 * 2.5 i
f i {

Figure Captlcons

Figure 1

Figure 2

Figure 3

Fipure 4

Figure 3

Layout of chambers and counters in the RMS magner.

The time-of~flight probability for a typical sawmple of 213 Rt
evernts salected on kinematic probability in which the hackward
particlie entered hudeoscope J2, assuming the particle is 3 g*,K*
ey proton. Hypotheses with very low probabilities are oot

inciuded in the plots.

Centre 0f wass scattariag angle {8) distributicans for (a) 1.48%9
GeV¥/e +ve and ~ve polarisations (b) 1.88 GeV/c +ve and -ve

polarisations.

A typleal kinematic Fit probabllicy distribution. The arrow
shows the 5% probabilicy cut determisned in the analysis

described in the rext.

Fitted values of ?T angd P for rthe four cos 6 bhins at 1.89 fSeV/ic

as a functien of the kinematic probabiliiry cutb.
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Figure 6

Figure 7

Figure 8

Valoes of the I polarizaclion weasured in this esxpevinent {open
civeles) cowmpared with those measured on a hydrogen targei in

reference 1 {solid circles).

Fitoed values of B plotted as a functien ¢f cos B.  The solid
curve i the predicrion of the parvtial wave analysis of

raferance 2.

Comparison of the data at 1.69 GeV/c, +ve polarisation,
(nistogram) and the distriborions predicted by the Honte Carlo
programme (@) assuming the fivted wvalues of P, PT and B and
including the full experimental acceptance for {a) cos Gd (b)

gin ¢ cos ed {c} ecos $ sin 8d sin @d.
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