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ABSTRACT

The reaction T pt - 7"t Tp has been measured at 17 GeV/c using a polarized
target. The data sample contains about 60,000 interactions on polarized protous.
The nucleon polarization as a function of momentum transfer is very similar to
elastic n p scattering and is nearly independent of the 3T mass, except for a
possible structure around 1.2 GeV.

Using the isobar model, we have performed a partial wave analysis and extrac-
ted the 3m amplitudes. The generalized 37 density matrix elements agree with
earlier determinations. Relative phases obtained from density matrix elements
agree well with the ones obtained from transversity amplitudes. This proves the
validity of the coherence assumption made in the interpretation of unpolarized
target results. Our results confirm the existence of an A; resonance in the

region 1.2-1.3 GeV.



INTRODUCTION
In order to understand the mechanism of polarization in diffractive processes,

a measurement of the polarization in the reaction
- —+—
T pyr >T TP (1)

is important. A universal mechanism and/or the Deck model predict(s) the nucleon
polarization in reaction (1) to be similar to that observed in the elastic T p
reaction. Semi-inclusive duality [1] predicts a linear increase of polarization
with 37 mass.

Another imteresting subject is the presence of resonances in the 37 system,
especially the A;. The experimental evidence for such a state has been contro-
versial over the last 10 years. Backward production of pT [2] seemed to indicate
a 200 MeV wide resonance around 1.05 GeV. The structure observed in the heavy
lepton decay T > (3m)V [3] might also indicate the presence of the A,. Om the
other hand, results from charge and hypercharge exchange reactions [4] have pro-
vided only upper limits for the A, production cross-section. The lack of suf-
ficient statistics to perform a detailed partial wave analysis has been a general
feature of the above-mentioned experiments.

Most of the A, searches have been made on the quasi-elastic reaction
7 ﬂiﬂ+ﬂ_p [5,6]. In all experiments a large enhancement around 1.1 GeV is ob-
served in the 3T mass spectrum. Although the JP = 1% state is the dominant one
in the low-mass region, a simple resonance behaviour cannot explain the data,
especially not the t-dependent shape of the JP = 1% intensity. A solution was
proposed by several groups [7,8]. Tn these models, resonance production proceeds
by two mechanisms, one being the usual resonance production (direct term) and the
other a background (possibly given by the Deck mechanism) modified by rescattering.
As shown in the recent analysis of high statistics data by the Amsterdam—-CERN-
Cracow-Munich-Oxford-Rutherford (ACCMOR) Collaboratiom [5], both contributions
are present and led to the observed 1* gpectra requiring an A; resonance with a

mase of 1.28 GeV and a width of 300 MeV.
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In unpolarized target experiments, when using relative phases from density
matrix elements, there is the additional assumption that relative phases between
nucleon spin~flip and spin-non-flip amplitudes are the same (coherence assumption).
In this paper we present the results obtained in the analysis of reaction (1) at
17 GeV/c using a polarized target. Such an experiment allows an amplitude analy-
sis to be performed, and the relative phases between amplitudes can be measured.
Even if we cannot compete with ref. [5], as far as acceptance and statistics are
concerned, we can make a test of the coherence assumption.

The paper is organized in the following way. 1In section 2 we describe the
experimental set-up and some relevant features of the data., Section 3 containsg
2 description of the formalism and method used in this analysis. Details on the
partial wave analysis and some checks on the method are given in sectiom 4. 1In

section 5 we discuss the results, and section 6 contains our conclusions.

EXPERIMENTAL DETAILS

2.1 Experimental set-up

The experiment was performed with the CERN-Munich spectrometer at the CERN
Proton Synchrotron (PS); this spectrometer has been described in detail else—
where [9]. A schematic top view of the experimental set—up is shown in fig. 1.

The incident pions are identified by the threshold Cerenkov counter él and momen-—
tum analysed with the beam spectrometer. The beam is defined by the coincidence
of signals of the scintillation counters By, By, and B,, and the anticoincidence
of B,, a counter with an 18 mm circular hole in it. A butanol target (100 mm

long, 20 mm in diameter) in a 2.5 T field was used. It was transversely polarized
(average polarization 687), and the sign of the polarization was inverted daily

in order to have roughly the same amount of data with each sign (up and down) .

A fraction of the data was taken using a hydrogen target of identical shape for
calibration purposes. A hodoscope of 36 1 mm thick scintillation counters Ai
around the target defined 72 equal bins in the recoil azimuth. It was not included
in the trigger, but its information was recorded in pattern units. Six wider,

1 mwm thick counters F,-F. were used to demand one recoil and, behind each of these,

six scintillator/tungsten sandwich counters F;~F,, vetoed Y-rays from low-energy m°'s,

L B



- 3 -

The forward-produced charged secondaries were momentum analysed with spark
chambers (SCh) before and after the AEG spectrometer magnet (130 x 50 cm gap win-
dow and 2 T+m bending power). Multiwire proportional chambers {(MWPC) just in
front of and behind the target were used to improve vertex determination. Secon-
dary pions were identified in the ferenkov counter C, (pion threshold 4.7 GeV),
The Cerenkov counter 63 was not used for this experiment (it allowed discrimina-
tion between kaons and protonms above 8.5 GeV). A multiplicity of three was de-
manded in the 32-element hodoscope EG, which consisted of 100 mm wide vertical
counters.

2.2 Data distribution

A total of 1.6 million triggers were recorded on tape and processed by a
geometrical reconstruction program, and only events with three secondary tracks
coming from a vertex inside the target were accepted., Since we have a butanol
target, a significant fraction of the interactions are on bound (unpolarized) pro-
tons. 1In order to emhance the fraction of events on free (polarized) protomns, we
exploited the target hodoscope deseribed in section 2.1. We studied the difference
between the azimuthal angle of the recoil proton, as measured by this hodoscope,
and that of the reaction plane defined by the incoming beam and the forward 3m
system. This difference A% is a measurement of the coplanarity of the event, and
its distribution is shown in fig. 2. The large peak at 0° corresponds to events
produced on free protons. From the study of this distribution, we can estimate
the amount of background from interactions on bound protons which is present in
our data sample (see Appendix 1). After applying a cut of IA@l < 5%, it is of
the order of 25%. We aséume that the only effect of these background events is
to reduce the degree of polarizatiom, and this was checked by comparing butanolﬁ
target and hydrogen target daﬁa samples. No significant difference was found in

m £, M, and (3m) angular distributions. We have also observed no difference

ar?

between the hydrogen and butanol target data samples in ntr™ production with a

polarized target [10].



- 4 -

The missing-mass squared (MM?) distribution is shown in fig. 3. We select
events with MM < 1.35 GeV?, From the shape below and above the proton mass, we
conclude that the background of events with recolling N*'s is smaller than 27,

We reduce the background from the reactions
Tr_ryqL -+ K+K_1T"p
_ o (2)
T P+ > ppT p
by using the Cerenkov information. After applying selection criteria, the con-
tamination from reactions (2) is estimated to be < 2%,

In fig. 4a we show the |t| distribution. In our trigger a signal in the F
counters around the target is required. This explains the loss of events in the
low |t| region, since low-energy protons do not reach the counters. The accumula-
tion of events in the very low ltl bin is mostly accounted for by the very steep
coherent production on nuclei, together with a &-ray satisfying the trigger comn-—
dition. Therefore in our analysis we will consider only events with [ti > 0.1 GeVZ2.
The final sample after all cuts contains 60,000 interactions on polarized protons.

In fig. 4b we present the uncorrected 37 mass distribution for the |t| in-
terval 0.1 < [t| < 1.0 GeV?; this exhibits a broad enhancement around 1.1 GeV
and a signal in the A, region. The A; shows up more clearly at high |t| values.
The 7' and 7™7" mass distributions are also presented in figs. 5a and 5b. The
former shows strong p production,

Since we collected data with target polarization up and down, polarization
effects can be simply locked for by measuring the left-right asymmetry. One con-
siders the distribution

N (9) = Ny (9)

A(d) = NUP(¢) T Ndown(d)) >

(3)

where Nup(¢) [Ndown(¢)] is the observed azimuthal distribution of the 37 system
for events with polarization up (down). If the acceptance were the same for all

3m partial waves, the nucleon polarization PN could be obtained directly from

Alp) = PN X fx gin ¢ , (4)
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f being the effective target polarization (average polarization X fraction of in-
teractions on free protons); A($) is presented in fig. 6 for the full data sample
used in the partial wave analysis, and it shows the existence of definite polari-
zation effects in reaction (1). The superimposed curve is a fit to the expression
A(d) = o % sin ¢, giving a = 0.052 + 0.003.

The geometrical acceptance of the spectrometer is 35% for phase-space events
at m, . = 1.1 GeV, and it decreases for higher masses (v 157 at My, = 1.4 GeV).
This prevents us making a partial wave analysis of the high-mass region. In the

present work we restrict ourselves to o, < 1.4 GeV.

METHOD OF ANALYSIS

For a given beam momentum, eight variables are needed to describe reaction
(1). We choose them to ﬂe T = {msﬂ, €, &, B, Y, w, 8, ¥} m,. and t are the 31
invariant mass and the four-momentum transfer between the initial and finmal protons.
If we label the three pions a, b, ¢ (their momenta in the 37 rest frame being q,>
G, » qc) for a given dimeson system bc (isobar), then o Ba’ Y, are the three
Euler angles describing the transformation from the Gottfried-Jackson frame to
the system described by a z-axis in the q, direction and a y—axis normal to the
31 plane (Eb b ac); v, and Ga are the invariant mass of the isobar and the angle
of the b pion momentum in the isobar rest frame with respect to the q_ direction.
The baryon angle { containing the polarization information is defined in the
over—all centre—of-mass system, the z-axis being the incoming proton direction
and the y~axis the normal to the production plame. This choice has the advantage
that the target polarization vector fT in the laboratory lies in the x-y plane,
with the x and ¥ componenté being given by |$T[ sin ¥ and 1§&| cos |, respectively.

The differential cross—section for reactiom (1} can be expanded in the form

f11]:

do _ ~ RN s3 < ki

ac - z: DKn[qa’Ba’Ya] X TS [msﬂ,t,wa] X Bnﬁ(w) b [Dﬁﬁ % T§ ] ’ (5)
K,n,S
g,7,3
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where K stands for {JPMjQ}, JP being the spin and parity of the 37 system, M the
absolute value of the third component in the Gottfried-Jackson frame, j the spin
of isobar, and & its orbital angular momentum with respect to the third pion. The
values n = 1 are related to the naturality of the exchange [12], and § = t1,
labels the transversity amplitudes in the S-channel helicity frame of the baryons.
These mixed amplitudes T are the quantities we determine From the data. D and B
are known functions containing the information of the 37 decay variables and y,
respectively. The explicit form of D can be found in ref. [11]. The B matrix is
given in Appendix 2.

In order to visualize which target proton and recoil proton spin states
correspond to the T amplitudes, we use the symbols (4} and (4) for nucleon polari-

zation upwards and downwards with respect to the reaction plane:

Ptarget Precoil
TIf/i + 3
<, !
ngl + A
ngé 4 ¥

Present—day statistics are not sufficient for determining the T amplitudes
as a function of the three variables. Therefore we must use the so-called isobar
model [13], which makes the following two assumptions:

i} The dependence on w, can be factorized out of T in the following way:
Kn _ KN SE2
Tg ' s tow ) = 15 my L) x s ) (6)

where BW contains the best knowledge we have of 7T interactions. We have
used Breit-Wigner parametrizations for the P~ and D~waves, and 7T phase
shifts information for the S-wave [14]. From now on we will include BW in

the D functions:

DXBW=D. (7)

L L N T R R P T YT P I R TR Rt



ii)

Partial waves with high values of j and & are included by averaging, in the
D function, the two possible 11~ combinations forming the iscbar, each
having in the expansionm only low values of J, %, j. Then expression (5) be-

comes

K S KA
; D, (@oBY,8,,) X Tg (@0 X Boh) % (Dg * T . ®
7

Fallta
R

where K is now restricted to low values of J, j, and 2.

For a given (man,t) bin, the T amplitudes can be determined up to two arbi-

tary phases. From the amplitudes, we can obtain the 37 density matrix

oh = Z & x (1) )

and the partial cross-sections

_ Kn [ .Kn *
GKn = Z; TS [TS ] NKn s (10)

where NKn denotes the integral over the phase space T,

. %
NKn —f DKn DKn dt . (11)

Partial nucleon polarization can be expressed as

= () - B0 )< e -

The unknown amplitudes T in eq. (8) are determined from the data by using

an extended maximum likelihood method [15]. The likelihood function is given by

Nevents

log £ = Z Wy log (T »T) = fd”r Acc (T) (T TY , | (13)
1

i=

where w, are weights taking into account losses due to decays in flight or secon—

dary interactions in the target, and Acc describes the acceptance (= 1 for events

accepted by the spectrometer and trigger requirements, O otherwise). The neces~

sary integrals in eq. (13) as well as the normalization integrals (11) have been

calculated using Momte Carlo generated events. Typically we generated 20

Monte Carlo events per real event.
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The statistical errors can be computed by the error matrix,
-1

E moo E 2 . (14)

Since systematic errors are not included, values calculated from eq. (14)
will underestimate the true errors. The errors we give in section 5 should be
considered approximate.

We close this section by pointing out some important differences between our
amplitude analysis and the Ascoli method [16]:

1) In the latter, the free parameters are the density matrix elements; and in
practical applications the additional assumption of factorization is made

in the following way:

R *
PR = Pou, 7w * Sk % Cg > (15)

where C is a complex decay amplitude.
1i) In general, the rank of the density matrix on cannot be larger than 2. This

restriction is ignored in the Ascoli approach.

Consequently both methods can lead to somewhat different answers for on, even when
the same data are used. Another consequence of the extra assumptions is that the
fit is linear in DEM T which means that the solution is essentially unique,

>

whereas the amplitude analysis could have several solutions.

DESCRIPTION OF THE PARTIAL WAVE ANALYSIS AND CONSISTENCY CHECKS

The partial waves used in our analysis are listed in Table 1; this basic
set is essentially the same as the one used in previous analyses. Partial waves
with n = -1 were tried and their contribution was found to be negligible. In a
first step we used 100 MeV wide m bins and three t-bins to determine the rough
t-dependence in each partial wave. Each partial wave cross-section was fitted by
the expression lt[M x 2,

In a second step we used one large t-bin (0.1 < el < 0.3 GeV) and 25 Mev

m, bins, and the t-dependence previously obtained was incorporated in the
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parametrization of independent partial wave amplitudes. The choice of the t-bin
was motivated partly by statistical requirements (at least 2000 events/bin) and
partly to have maximum sensitivity to the polarization (see below).

At each mass bin, we fitted the data starting from random values of the T
amplitudes {v 20 searches). Between one and five different solutions were obtained
at each energy. The ambiguities affected mainly the minor partial waves, the total
intensities being unique but not individual amplitudes. In the following we dis-
cuss features of our solutions which do not depend on the ambiguities.

Monte Carlo events weighted with the amplitudes obtained from the fits were
generated, passed through the apparatus, and compared with data to check the
quality of the fit. A good agreement was obtained.

A measurement of the reaction
™ ps > K K'p (16)

in the same experiment [17] provided a good opportunity to test the method of
analysis. In this reaction a very clean A, is produced with less than 10Z back-
ground, and its two-body decay is free of isobar model assumptions. Thus we can
compare the A, results in both decay models. 1In the region 1.2 < Mex < 1.4 GeV
and |t| > 0.1 GeV, 1000 events are available in the KK mode.
Using the notation of three-meson states K = {JPMlj}, the situation can be
considered as a simple case where
i) there is only one possible combination to form the dimeson system, namely
the Ko;
ii} j = 0 since the spin of K% is G. This implies J = £. Furthermore, no di-
meson mass dependence is needed. Basically the D, function of section 3

Kn

can be written as
b= v).8) +n ¥ (0,8 (17)
K.n - M H] _M 3 >

Y; being the spherical harmonics. By inserting ﬁKn in expression (8) instead

of DKn’ we can use the same analysis formalism and programs.
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[}

We consider as possible states JP = 2% = 0, n==1, and M =1, n = *1) to
describe the A, and JP =0 (n = +1) to describe the background. Our results
show that the 2% contribution is entirely M = 1, n = +1 (other 2% states are less

than 3%, the most significant one being M = 0 mainly at low lt]). A similar re-

sult is obtained in the 37 analysis. 1In fig. 7 we present do/dt of the A, in

both decay modes; the agreement is very good. The low statistics of the K K°

data do not allow a precise measurement of polarization as a function of |t .

Averaging over the range 0.1 < |t| < 0.3 GeV’ where polarization is reater, we
g g P g

get

I+

Py(A; » KK") = -0.21 £ 0.12
Py (A > TTrtT) = ~0.25 £ 0.05 .

The results are in perfect agreement.

5. RESULTS

5.1 Partial wave intensities

. . . P .
The partial cross-sections for the important JM waves as a function of mo

are shown in fig. 8; JM = 1*0 dominates the reaction at low 3 masses. A small

but significant comtribution of the partial wave 1%1 S(pm) is also present. The
individual partial waves contributing to the Jﬁ = 1*0 enhancement are shown in
fig. 9. As found in previous experiments; a single partial wave 1%0 S(pm) accounts
for 90% of it, the rest being mainly 1*0 P(em). The intensity of the partial
wave 170 D(pm) is negligible.

At higher masses. a prominent signal in J; = 2%1 is visible, indicating 4,
production. The superimposed curve in fig, 8 corresponds to a relativistic
Breit-Wigner with M = 1.318, I = 0.110 GeV. All other waves are minor contri-

butions and show no marked structure.

3.2 Relative phases

In fig. 10 we show the relative phases of the 1%0 S{pm) wave with respect
to some other partial waves. There are three plots per wave: The first is the

phase of the density matrix element as calculated from the amplitudes using

e L D T
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eq. (9). The superimposed lines represent the relative phases obtained in ref. [5].
The other two plots are relative phases of the two transversity amplitudes

S = +Y%. 1In the density matrix phases with respect to 070 s(em) and 170 p(em),
jittle or no variation is seen. Howeve?, an increase of about 60-90 degrees is
observed inm the relative phases of 270 P(pr) and 271 p(pm) [in the latter we have
subtracted the Breit-Wigner phase of the A, in order to see variations due to

1%0 S(pW)]. Our results are in perfect agreement with the results from ref. [S].
Qualitatively the same behaviour is observed in the two transversity amplitude
phases, This fact provides a good check of the validity of the coherence assump-
tion. In this case, to identify the density matrix phase with the amplitude
phase is therefore a good approximation.

Variations in the relative phase with respect to the 070 P(pm) partial wave
were also observed in ref. [5]. Tn our case this partial wave is very stromgly
affecﬁed by ambiguities, and the relative phase (not shown) is not well determined.

Since the relative phases we determined agree very well with those from
ref. [5], an interpretation of our results in terms of direct A, production inter-
fering with a unitarized Deck-type background would lead to very similar conclu-
sions. 1In particular, the A; must be rather wide with a mass in the range
1.2-1.3 GeV. The lack of phase variation with respect to the 070 S(eT) wave re-
mains a problem. A possible 0° resonance is by no means excluded. This situation
is very similar to the one found in the Kmm analysis of Brandenburg et al. [18],
where it is claimed that the Q, is also accompanied by a 0~ (£K) resonance. The
constant phase relative to 1*0 P(em) could be understood if the resonance couples
to €7 as well as to OT.

5.3 Nucleon polarization

The total nucleon polarization PN obtained using the right-left asymmetry of
section 2.3 can be compared with the one obtained from the amplitudes in the par-
tial wave analysis. They are in very good agreement, indicating that acceptance
corrections for this quantity are very small. The PN is shown as a function of
oy, in fig. 1la; it is negative in the whole mass ramge except in the region

1.15-1.2 GeV, where it is compatible with O.
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The t-dependence of PN is shown in fig. 1Ib. It looks very similar to m™p
elastic scattering. The superimposed curves are the predictions from a Deck
model [19]. Apart from the possible structure around 1.2 GeV, the agreement is
reasonable. One should note that several models could lead to PN similar to elas-
tic scattering. Semi-inclusive duality [lj predicts an increase of Py with m,
which seems not to be the case.

The nucleon polarization of individual partial waves as defined in eq. (12)
suffers from ambiguities and also from large fluctuations in most of the minor
waves. In fig. 12 we show the polarization for the major contribution J; = 1%
as a function of m, . It is negative and exhibits a pattern very similar to the
total 3m polarization. In particular, the structure around 1.2 GeV is still pre—
sent. Such behaviour could be understood in terms of the rescattering models
mentioned in the introduction [7,8]. The deviation from a Breit-Wigner shape is
obtained in these models by an additional zero in the amplitude as a function of
m,r- The position of this zero depends on the relative amount of direct produc-
tion and unitarized Deck-type background. If the position of the zero is different
for spin-non-flip and spin-flip amplitudes (especially the zero in the spin-flip
must occur below the resonance), the polarizatiom will exhibit a zero. It is in-
teresting to mention that relative phases will not be affected since both ampli-
tudes have the same A, resonance phase, and the same applies to intensities since
spin-non-flip will dominate. The presence of non-resonant background could also
shift the position of the zero in the polarization. This, together with the poor
statistical significance of the effect, prevents us making a detailed fit. We
can only state that, qualitatively, the observed polarization is not in disagree-
ment with the A; production mechanism obtained in ref, [5].

The 2*1 polarization is only well defined in the A, region. In the range

1.2 < mo < 1.4 GeV we get an average polarization of
PN(Az) = -0.25 * 0,05 ,

in good agreement with that obtained in the KK~ decay mode as mentioned in

section 4,



- 13 -

CONCLUSIONS

The reaction T7ps + T ntn"p at 17 GeV/c has been measured and a partial wave
analysis of the 37 system performed using the isobar model. The acceptance cor-
rection for the nucleon polarization turns out to be negligible. This nucleon
polarization is negative and roughly independent of 37 mass, except for a possible
structure around 1.2 GeV which appears also in the 1%0 wave partial polarization.
As a function of t, the nucleon polarization is similar to T p elastic scattering
as predicted by the Deck model. The nucleon polarization for A, production is
also negative. By averaging in the region 1.2 <m,_ < 1.4 GeV we obtained PN(AZ) =
= -0.25 * 0.05 in the t interval 0.1 < |t| < 0.3 GeV*.

Detailed information about resonance production has recently been obtained
in an experiment using an unpolarized hydrogen target. We have checked the co-
herence assumption made in their analysis [5], by comparing the relative phases
between our transversity amplitudes with the density matrix omes. All three
phases agree well and are also comﬁatible with the ones from ref, [5]. Therefore
our results support their comclusions concerning the A, resonance. The lack of
phase variation of the 1*0 S(pﬁj wave with respect to the 070 S(eT) wave suggests,

as a possible explanation, the existence of a 0~ resonance.
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APPENDIX 1

In this Appendix we discuss our determination of the fraction of events from
polarized protons. The A® distribution shown in fig. 2 consists of many components,
including one from polarized free protons. Our method was to fit the A® distri-
bution using our best estimate of these components.

During the experiment we accumulated a sample of T p elastic events, We
fitted the A% distribution of these elastic events in three different |t] bins

(0.1-0.2, 0.2-0.4, 0.4~1.0 GeV) with a shape of the form

Ty - NHfH(A®) + NQfQ(AQ) + NIfI(A®) + NFfF(AQ) = Z; Nifi(A®) 3

i) H is the free proton contribution, the shape fH(AQ) being determined from
events produced on a liquid-hydrogen target.

1i) Q is the quasi-elastic contribution from bound protons. The shape for f _(AD)

Q
was calculated using an harmonic oscillator version of the shell model with
P-wave and S-wave momentum-space wave functions. The harmonic oscillator
parameters were taken from the measurements of ref. [20].

iii) T is a genuine inelastic contribution due to events such as 7p + 7 n’p,
for which the shape was determined using events with high missing mass.

iv) F is a flat background to account for other sources besides (i), (ii), and

(iii),

After some adjustments of the functionm fi’ we succeeded in producing good
fits on T p elastic data. We then used the same functions to fit the 37 data,
using the same [t| bins with the normalization constants Ni as the only free para-
meters.

The results of these fits om butanol data gave, for a 5° cut in [4¢], free
proton fractions of 0.8 * 0.05, 0.66 * 0,05, and 0.46 + 0.05, respectively. The
same cut on T p elastic butanol data gave fractions of 0.84, 0.72, and 9,60 in
these ]tJ bins. As a check, the same procedure was applied to the 3m reaction
from the hydrogen data sample. We obtained fractions of 0.99 + 0.01, 0.98 £ 0.02,

and 0.92 * 0.03 in the same |t| bins, the A® cut of +5° being 807 efficient. In
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the range 0.1-0.3 GeV, where most of our attention is concentrated, this latter

check gives us confidence in our procedure.



APPENDIX 2

Following the method described in ref. [ll], the

and (8) can be obtained;
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it is as follows:

B matrix of expressions (5)

=+1 nz-l—l =--1 = =T
=+l = - S = +¥ =-%
n=+1
1 +acos 0 - ig sin 0
S =+
n=+1
0 l-odcos ¢ 0 + i o sin Y
S = -1,
n=-1
+ 1 o sin Y 0 1l -~0acos 0
S = +Y,
ne=-1
0 - i o gin 0 1 +a cos ¥
s =-Y%

Y is described in the text (see section 3).

terms: the first onme, @;, is the average target polarization (o, = 0.68); the

The o factor is

a product of two

second one, a,, is the fraction of interactions on free protons obtained, as

described in Appendix 1.
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Table 1

Partial waves included
in the present analysis

£ Decay mode

S £
0o

P pm

S skl
1*0 P em

D o

S oI
1*1

P e

S o
270 P o

D en
2t D pm
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Schematic top view of the CERN-Munich spectrometer. The lower part
shows a front view of the target region with the disposition of the

F counters and target hodoscope.

Distribution of the coplanarity angle A®; Al is the angle between
the recoil proton direction obtained from the 31 and incident beam
measured momenta and the direction obtained from the target hodo-

scope information

a) in 4° bins for a subsample containing about 15% of the data;

b) in 1° bins for the whole sample in the range lAd| < 20°.
Missing-mass squared distribution for coplanar events (|A®] < 5%).

a) |t} distribution for coplanar events having missing-mass squared
< 1.35 GeV;
b o, distribution for events with the same cuts as in fig. 4a and

le] > 0.1 Gev?,

Sample of events used in the partial wave analysis {see text).
a) 71 mass distribution (two entries per event);

b) 7~ mass distributicn.

A(¢) distribution. A(¢) is defined in the following way:

N (@) - Ny (8)

up

A =
W +

down(¢) ’

® being the azimuthal angle. The superimposed curve corresponds to

the result of a fit with a parametrization a sin ¢.

dN/d|t| for A, production as a function of |t]. The solid circles
correspond to the 37 decay mode and the open omes to the K K' decay
mode, The superimposed curves correspond to a parametrization of

the form t-eBt, with B = -7.5 GeV 2.
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. . . P
Fig. 8 : Cross—section dN/dm31T for the important J M states summed over
various decay channels as a function of 3m mass. The expected
Breit-Wigner shape from the A, resonance is superimposed on the

21 intensity,

Fig. 9 : Cross—section dN/dm3Tr for the ﬁartial waves contributing to JPM = 1%0

[1+0 S(pm), 1%0 P(em), 1%0 S(pﬂ)] as a function of 37 mass.

Fig. 10 : Relative phase between'the 1%o S(om) partial wave and several
reference waves as a function of 37 mass. The plots in the first
column correspond to density matrix phases, and the superimposed
lines indicate the results from ref, [8]. The second and third

.column plots are phases between the S = Y and § = -l amplitudes,
respectively. In the 2*1 D(oT) wave, a Breit-Wigner A, phase has

been subtracted.

Fig. 11 :  Nucleon polarization PN:
a) as a function of m, - in the |t! interval 0.1 < |t| < 0.3 Gev?y
‘b)) as a function of [t| in the m - interval 1.0 < m < 1.4 Gev.

3
Thie superimposed curves are predictions from a Deck model.
Fig. 12 : Nucleon polarization PN for the JPM = 1*0 waves alone as a function
of M, The solid curve gives the Deck model prediction for the

dominant 1*0 S(pm) contribution.
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