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ABSTRACT

. - + - . . . . .
The reaction M p > ™ T n has been measured in a high-statistics experiment

on a transversely polarized proton target at 17.2 GeV, and unexpectedly large

nucleon polarization effects have been observed. Combining the results of this

experiment with a measurement on a hydrogen target allows a model-independent par-

tial wave analysis in terms of the 'nucleon transversity'" amplitudes. Unique or

at most twofold ambiguous solutions are obtained. In particular we find a high

lower limit
[t]. These
the quantum
In checking
validity of
significant

cluding the

(> 30%) of the spin non-flip unnatural exchange amplitudes at low
amplitudes, interpreted as being due to the exchange of an object with
numbers of the A;, have been assumed to be absent in previous analyses.
the consequences of this finding on the old results, we test the

the rank-two assumptions for the density matrix. We findAa small but
deviation, which shows the need for a new phase-shift analysis in-

A; exchange contribution.



INTRODUCTION

The reaction T p > 77 n has been measured in high-statistics experiments on
hydrogen targets [1,2]. Data from ref. [1], henceforth called experiment I, have
been used for a study of 7T scattering [3—5,19] and for the study of resonance
production [6,7]. Phenomenological assumptions had to be introduced as no nucleon
polarization measurements existed at that time; in particular the absence of A;-—
type exchange was assumed in all these analyses. By this we mean that s—channel
helicity amplitudes were supposed to be of a purely spin-flip type for the unnatural

parity exchange.

In the present experiment (hereafter called experiment II) we measured the
same reaction on a transversely polarized target in order to test these assumptions
and, more generally, to allow a model-independent amplitude determination for this
reaction. Strong nucleon polarization effects were observed even at low four-
momentum transfer. This clearly demonstrates the presence of amplitudes corres—
ponding to the exchange of an object with the quantum numbers of the A;. The data
from this experiment taken together with results from experiment I allow a model-
independent determination of the '"nucleon transversity" amplitudes. Although the
information is not sufficient to determine nucleon helicity flip and non-flip
amplitudes, lower limits for the Aj-type exchange amplitudes are obtained. The

presence of this exchange has consequences for the old 7T phase-shift analyses.

Preliminary results of this experiment have been reported at the Tbilisi
Conference [8] and at the Argonne Symposium on Polarized Beams and Targets [9].
A description of the experiment, including details of the apparatus and the
apparatus-dependent aspects of the analysis, can be found in ref. [10], while the
formalism and the method of amplitude analysis for a transversely polarized target

are described in ref. [11]. The higher mass region is covered in another paper [12].

DEFINITIONS, MOMENTS, AND AMPLITUDES

At fixed beam momentum the reaction is completely determined by five variables

for which we choose (fig. 1) m o the mass of the pion pair, t the square of the

N
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four-momentum transfer to the nucleon, y the angle between the normal to the reac-
tion plane and the (transverse) proton polarization P, and 6, ¢ the decay angles

- . + -
of the T in the " T rest frame.

Owing to parity conservation and spin % of the nucleon, the angular distribu-

tion at fixed s is of the form
I(mm,t,lb,e,ﬁ')) = Io(m,n.n.,tae,(b) + P cos ¢ Il(m,n.,n.’t:e,q)) + P sin VY Iz(mﬂﬂ_,t,e,(b)

L L L L
= éZL tM(mnn’t) Re YM(cos 6,¢) + P cos ézi pM(mﬂﬂ,t) Re YM(cos 0,9)

+ P sin ¢ z: r;(mﬂﬂ,t) Im YL (cos 6,9) ,

L,M M

with Ip, I, symmetric and I, antisymmetric in ¢. Consequently the result of the

experiment can be represented by the m and t-dependence of the moments:

L L ~ 1 L
e = ¢ (Re 1) - 3 [Re Y@ 10,0 a2 @y
p; = ZEM(cos Y Re Y;) = 2€M z%?J[ cos Y Re Y;(Q) I(Y,) 49 dy

2]
]

L 4(sin v Im Y;) =4 ziﬂ fsin ¥ Im Y;(Q) I(W,Q) 40 4y ,

(g 2) .

M=0 = L»

Evgo ~

A complete description of the reaction is given by the set of m and t-
dependent helicity amplitudes ( jmyx|T|)\), where j, m are the spin and helicity of

the T pair, A and X the helicities of proton and neutron

N = CGam Tl = D™ (G, -k [Tk

Fil = (j,m,%lTl-%) (_l)m (j,"m,"lel'é) .
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Alternatively one uses combinations of amplitudes corresponding to unnatural

(U) and natural (N) spin-parity exchange [13]:

U j
U3 _ 1 1™ yd

n 7 [Nm + (1) N_m form # 0
Nj_1 Jo_ _qym ]

n ;6-[Nm (-1) N—m .

Analogous equations hold for spin-flip amplitudes replacing n by f and N by F.

We will deal mainly with two sets of nucleon transversity amplitudes g and h,

which correspond to neutron polarization perpendicular to the reaction plane:

Uj=_1_[Uj .Uj] Nj_l[Nj_.Nj]
&m /2 Lt fm ? &m /2 " Tt fm ’
UJ=1(UJ_.Uj] Nj_l[Nj .NjJ
h = n £, hm—/z n o+ i

(Further on we use the shortened notation gg = Ugg, g, = Ug;, gy Ugi, gy = Ngi, etc.).
Note that we normalize the amplitudes in such a way that the sum of their squares

gives the differential cross—section dzo/dmﬂﬂdt. This is seen in table 1 where the
moments of the angular distributions are given in terms of amplitudes for the case

of S- and P-waves only. It is valid for both s- or t-channel moments as long as

the 7T helicities in the amplitudes are chosen according to the given channel, and

the nucleon helicities are defined in the s—channel.

Table 1 also shows the motivation for introducing nucleon transversity ampli-
tudes. No products between g and h amplitudes appear; consequently the phase be-
tween the set of g and the set of h amplitudes cannot be measured in this experiment
in which the neutron polarization is not observed. Therefore the theoretically
more interesting n and f amplitudes cannot be determined in a model-independent
way. We mention that these properties hold for arbitrary 77 spin and that an ex-—

periment with a longitudinally polarized target would not alter this situationm.
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Nevertheless we can still determine everything (in principle) within each set of

the nucleon transversity amplitudes g or h.

EXPERIMENTAL SET-UP

The experiment was done with the CERN-Munich spectrometer (fig. 2) at the

CERN Proton Synchrotron (PS) with incident T of 17.2 GeV. A butanol target T [14]
(length = 10 cm, # = 20 mm, average polarization 687) inside a 25 kG homogeneous
field was used. A small sample of data was taken with a hydrogen target of iden-
tical shape instead of the butanol target, and using the same cryostat. A tungsten-
scintillator shower counter system (F) between the pole faces of fhe target magnet
suppressed background from events with additional m9's or charged particles. Multi-
wire proportional chambers (MWPC) directly in front of and behind the target in the

magnetic field allowed a good vertex determination.

The rest of the spectrometer as well as the trigger was essentially identical
to that of experiment I. The beam pions are identified by the threshold Cerenkov
counter C; and measured with the beam spectrometer consisting of two 2 m bending
magnets (M) between four packs of magnetostrictive spark chambers (SCh). The
charged secondary particles are momentum-analysed using the spectrometer magnet (AEG)
and spark chambers before and after the magnet. The particles are identified by
two multicell Cerenkov counters (C, and C3); C, was filled with CO» at atmospheric
pressure (threshold for pions 4.7 GeV, for kaons 16.7 GeV), C3 with neopentane. A
double array of 10 cm wide vertical counters (E and G) was used to define the
charged multiplicity of the event. Coincidences between corresponding elements of

these two counters were required to suppress random noise and §-electron background.

In the trigger, we required a beam pion defined by signals from the scintil-
lation counters BleBaﬁu and C;, an interaction signalled by a hit in a scintilla-
tion counter I which had a hole at the position of the beam, no signal in the veto

counters F and H, multiplicity two in the EG array, and no hit in the beam veto

counter D.



EVENT RECONSTRUCTION AND ACCEPTANCE CORRECTIONS

A total of about 2 X 107 triggers were recorded on tape. These events were
processed by a geometrical reconstruction program. The principal parts of this
program were: ‘track finding in all spectrometer sections equipped with spark
chambers, track matching in the spectrometer magnet, and forming a vertex with a
beam track in the target inside the magnetic field. Only events with two secon-
daries of opposite charge were accepted. The program needed about 20 ms CDC 7600
time for the‘processing of a single trigger. Then we distinguished secondary
pions from kaons and protons by demanding that at least ome of them gave a signal
in C,. The missing mass (MM) cut was MM2 < 1.4 GeV?. Applying all these criteria,
we are left with 1.2 x 10° events off butanol, about one third of these corres-

ponding to collisions with free protons (hydrogen atoms in the butanol molecule).

In addition to these butanol data, we recorded data taken under identical
conditions on a pure hydrogen target as well as various other calibration data.

After all cuts we were left with 34 x 10° hydrogen events.

The presence of carbon and oxygen in butanol (C,H4OH) leads to some problems
in experiment II, where the outgoing neutron remains undetected and an individual
separation of events off hydrogen from those produced on complex nuclei -- as done
in elastic scattering where one has four constraints -- is not possible. (The
widening of the missing-mass distribution due to the neglect of the Fermi motion
in the calculation is negligible compared to the missing-mass resolution.) As a
consequence we can only extract from this experiment the polarization-dependent
part of the cross-section d20/dmﬂﬂdt {(cos ¥ Re Yﬁ) and d20/dmnﬂdt (sin ¥ Im Y;) as
the unpolarized carbon and oxygen do not contribute to it. For the amplitude
analysis the result of this experiment is combined with that of experiment I taken
at the same beam momentum of 17.2 GeV. Thus all polarization—independent moments

(Re Y;) shown throughout the paper (with the exception of fig. 5) are from experi-

ment I.

For a determination of the moments, corrections had to be applied for the geo-

metrical acceptance as well as for various other geometrical configuration-dependent
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losses. The latter were corrected by attributing weights (average value W) to
the events: neutron interaction in the veto counters ¥ = 1.4, &-rays firing veto
counters W = 1.16, secondary interactions in the target w = 1.05, and T decays

w = 1.03.

The acceptance correction was performed by two different methods, one being
a generalization [10] of the method of moments, the other a generalization of the
x? method, both described in ref. 1. In the latter method the number of observed
events in a given cos 6, ¢ bin as well as the cos ¥ and sin | moments were fitted
by the product of assumed produced events distribution and the acceptance of the
apparatus. In calculating the X2 for each cos 0, ¢ bin, the correlation in the
errors of events and moments was taken into account. Both methods gave consistent
results; those presented in this paper were obtained using the first method. We
restricted the moments to L < 2, thereby neglecting the small D-wave in the analysis

(6% of intensity at the highest mass considered).

We emphasize that the moments (cos Y Re Y;) and (sin ¥ Im Y;) could be obtained
with one single target polarization direction only, since our apparatus covers a
large solid angle -- the acceptance for isotropic decay varies between 80% and 407
in the mass and t-range covered in this paper. In order to minimize systematic
errors, the polarization direction of the target was reversed once a day (by changing
the klystron frequency slightly, leaving the spectrometer and therefore its accep-
tance unchanged). The data for the two polarization directions were analysed

separately and the results -- which were consistent within statistics -- averaged.

RAW DATA SPECTRA

The missing-mass spectrum of events from butanol (calculated under the assump-
tion that the process occurs on hydrogen at rest) shows a significant enhancement
in the MM? above the mass of the neutron (fig. 3). This enhancement is not seen
in the data taken under identical conditions on the hydrogen target, which show an
almost symmetric distribution around the neutron peak. The background at high MM?

is independent of m o but varies with t and is strongest for small t. It is most



-7 -

probably due to complex interactions on carbon and oxygen in which the excited
nuclei decay in a mode not detected by our veto counter system, e.g. by emitting

two neutrons.

Strong nucleon polarization effects are already seen in the data before cor-
recting for the acceptance of the apparatus when we compare distributions of events
where the only change is the proton polarization direction -- the apparatus, in-
cluding magnet fields, was otherwise identical. The change with proton polarization
of the distribution in the angle y between the normal to the production plane and
the positive polarization direction (fig. 1), for events with MM? < 1.4 GeV?, is
shown in fig. 4. From the difference of the distributions, we conclude that for

upward-pointing proton spin, the TN resonance goes preferably to the right.

By multiplying the MM? distribution off butanol with this left-right asymmetry
we can now single out a contribution which is due to events on hydrogen only
(fig. 3). A perfectly symmetric peak around the neutron shows that the large mass
tail is indeed due to events on complex nuclei. From this distribution we conclude

that the background of events with recoiling N*'s in our polarization-dependent

moments is below 17.

CROSS—-SECTION AND ANGULAR DISTRIBUTION

As already mentioned, in this experiment we measure 6n1y the polarization-—
dependent moments, since the polarization-independent moments (Re Y;) contain mostly
events produced on complex nuclei. Nevertheless, it is interesting to note that
the mass dependence of the angular distribution on butanol (fig. 5) is indistinguish-
able from that on pure hydrogen of experiment I (fig. 6a). This is also true for
the t-dependence, with the exception of the very low-t region (|t| < 0.02 GeV®/c?)
where we encounter also the strong background giving rise to the high-mass tail

in the MM? distribution.

When combining the polarization-independent part of the cross-section
dzc/dmﬂﬂdt (Re Y;) from experiment I with the polarization-dependent part

d%/dm_dt (cos ¥ Re Y) and d’0/dm_dt (sin ¥ In Y.), we scale the latter to 100%
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polarized protons. The results presented in the following correspond to a ficti-
tious single experiment on 1007 polarized pure protons. The statistical errors on
the polarization-independent moments are those of a sample with 300,000 events;
those of the polarization-dependent moments correspond to a sample of 60,000 events.
There remains an uncertainty of 157 in the relative normalization of the two ex-

periments and therefore in all normalized moments (cos Y Re Yﬁ) and (sin ¥ Im Y;).

The cross—section t-dependence and normalized t-channel moments are shown in
figs. 7 for the 1 mass range around the p meson (0.71 < m < 0.83 GeV/c?).

The mass dependence for 0.005 < |t| < 0.2 GeV?/c? is seen in figs. 6.

A most interesting observation is the presence of strong polarization effects
even in the low-t region. The left-right asymmetry defined by 2(cos ¥ Yg)/(Yg) is
-0.5 in the low-t region, on a scale where the maximum value is one. This is very
surprising since according to general belief this region should be dominated by

one—pion exchange and should therefore show little or no polarization effect.

As seen in table 1 the (cos ¥ Re Y;) moments require the simultaneous presence
of spin-flip and spin-non-flip amplitudes of equal naturality. In particular, the
moments {cos Y Yé), (cos Y Re Yi), and (cos ¥ Re Yf) have only unnatural parity
contributions. The presence of strong polarization-dependent moments therefore
points to an appreciable magnitude of s—-channel nucleon spin-non-flip amplitudes
for unnatural parity exchange. These amplitudes are usually interpreted as corres-—

ponding to A; exchange.

The (sin ¢ Im Y;) moments are also given by the interference of flip and non-
flip amplitudes but with different naturality. They are significant in the medium
t-range where both unnatural parity (7 and A;) and natural parity (A;) exchanges

are present simultaneously.

AMPLITUDE ANALYSIS

For the case of S and P waves only, the system of equations (table 1) connec-

ting nucleon transversity (g and h) amplitudes can be solved analytically. Fifteen
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measured moments determine the 14 unknowns (8 moduli of amplitudes and 6 relative
phases) .

Suitable addition or subtraction leads to the following set of equations:

lgg|® + 3lgol® = v [(xg + pp) + /5(tf +pD] = C
lgol® - lgyl® = i?—[(cg +p2) -% (2 +p)]=¢Cs

1
lgollegl cos vg, =5 vty + pp) = Cs

.
gyl lgg| cos vyg == /2 (el + pD) = c,

1 /57
lgUllgol cos Yy, =% 79'(tf + Pf) =Cs .

Substituting for the relative phase Yys = Ygo ~ Yso» the set of equations can be

transformed into a cubic equation [15] for z = |go|?:

3z% - (C; + 3C2)z% + (C1Cz + C2 + C2 - 3¢2)z + (C,C% - 2C3C4Cs - C,C2) =0 .

In general we would obtain three solutions, but one of the solutions is un-
physical. This is because of inequality relations for the coefficients Ci' We
therefore obtain two sets of ambiguous solutions for |gS|, lgol, IgU| and their
relative phases. For the h amplitudes and their relative phases ¥, an analogous
set of equations can be found, again leading to two ambiguous solutions. Using

the further relations

5T . 2 2
\/%T (tz * Pz)

5T
NERE RO

2 _ 2
lg1? - Ingl

Iy |? - lgyl?
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the remaining moduli are determined unambiguously and we are left with the last

three equations in table 1 to determine the two remaining phases Yxo and Xyo

T 1
W

leyllegl cos (vgy = vgy) = InylIng] cos (xy, = xg,)

eyl leol cos vy, = [yllho] cos Xno = 7 \/STTT r?

ST
|gN',gU! cos (YNO - YUO) - |hN|]hU| cos (XNO - XUO) = - ’6—ﬂr§ .

Elimination of sin Xxo by combining the first and third equations and inserting

oS Xy, from the second equation leads to an equation of the form

sin (YNO +0a) =d cos o,

with o and d expressed by previously determined quantities. With this additional
twofold ambiguity, one arrives at a maximum of eight ambiguous solutions. In this
counting we did not include the ambiguities arising from the possibility of changing

the sign of all Yy or all x phases separately, or both simultaneously.

The analytic solutions were taken as starting values for a X? minimizationm,
fitting the measured moments by those calculated from the amplitudes according to
the formulae in table 1. We also looked for additional ambiguous solutions by doing
random searches for starting values of the X? minimization. On the other hand, we
did not use the results of the fit from one bin as an input to the neighbour, thus
keeping a completely energy-independent approach. It turned out that the phases
between natural and unnatural amplitudes Yyo and Xyo which are constrained only by
the three (sin ¥ Im Yﬁ) moments are badly determined by the experiment. Therefore
we chose to consider solutions as being identical if they differed only in these
two angles, which were anyway determined with large statistical errors. Similarly
the sign of the other angles was not always well determined as only their cosine
appears in the relevant equations. We therefore chose to present only the cosines

of the angles between the unnatural parity exchange amplitudes.
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The results of the amplitude analysis are shown in figs. 8 to 11. In general
we find unique or at most twofold ambiguous solutions. If ambiguous solutions are
found, we use the symbol ¢ for the 'phase coherent solution', which is compatible

with cos Yyo = €08 XUO = -1, while ¢ is used for the other one.

The t-dependence of the moduli of the amplitudes is shown in fig. 8 for the

e invariant mass range between 0.71 and 0.83 GeV spanning the p mass. Here we

have normalized them so that their squares add up to unity. The cosines of the

phases between the unnatural amplitudes are presented in fig. 9. The dependence

on the m —mass of the same quantities in the low |t| region (0.005 < |t| < 0.2 GeV?/c?)

is shown in figs. 10 and 11. (The mass bin m o= 20 MeV is used throughout the

analysis.)

Not surprisingly, at low |t| the helicity zero unnatural amplitudes go and hy
dominate the process, as would be expected for T exchange, while at high It‘ the
two natural amplitudes &N and hN, which correspond to A, exchange, are strongest.
However, the large difference in magnitude between gy and h, shows the incomplete-
ness of the picture, as for T exchange (s—channel spin-flip only) the amplitudes
with opposite nucleon transversity gy, and h, should be equal. Analogous arguments
hold for the S-wave, and we conclude that for both the S-wave and the Pjy-wave
nucleon helicity flip and non-flip amplitudes are simultaneously present. Con-
sulting fig. 12, which shows the relation between helicity and transversity ampli-

tudes, we conclude in addition that flip and non-flip amplitudes are out of phase.

If we interpret the process by means of one-particle exchange, we have to
conclude that both unnatural exchanges, i.e. T exchange (s—channel nucleon helicity
flip) and A; exchange (s-channel nucleon helicity non-flip), are contributing sig-
nificantly to the process. The unnatural helicity-one PU-wave, which was inter-
preted as being due to absorptive corrections to T exchange [16], also shows the
difference between gy and hU’ while according to Williams' "Poor man's absorption
model" [17] only s-channel flip would be expected. This can be explained by the

addition of A; exchange in the PU-wave to the absorptive T exchange.
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The natural parity exchange amplitudes gy and hN seem to agree at very low
|t| and also at high |t| values, while for intermediate values of |t| they differ

strongly.

Contrary to T and A; exchange, A, exchange can contribute to both nucleon
spin flip and non-flip amplitudes, but the s—channel non-flip amplitude is expected
to be small [18] compared to the flip amplitude, and to be in phase [19] with it.
Therefore the polarization in the natural parity exchange amplitudes (difference

between gy and hN) seems to imply that an absorption effect also contributes here.

PARTIAL WAVE INTENSITIES AND ASYMMETRY

Although the information obtained in this experiment was insufficient for a
unique determination of helicity amplitudes, we can still separate the -intensities
of the partial waves |f|? + |n|%? = |h|? + |g|? in a model-independent way. The
results are shown in figs. 13 and 14 for the p mass region (0.71 < oo < 0.83 GeV/c?)
as a function of t and as a function of m - for the low-t region (0.005 < |t]| <
< 0.2 GeV?/c?). The fraction of natural parity exchange, as a function of t, rises
from v 10% at |t| ~ m; to v 85% at t v 1 GeV?/c? and falls slowly with increasing
m. This is in excellent agreement with an earlier analysis of hydrogen data
based on positivity requirements for the density matrix [7].

In figs. 15 and 16 we show the asymmetry A separately for each partial wave.

It is simply related to both helicity and also transversity amplitudes:

po2Im @™ [g|? - |n]?

|n? + [£]2 lgl? + |n|?

with the negative sign for the natural partial wave.

The asymmetry of the unnatural partial waves decreases smoothly with increas-

ing m 3 asa function of t, the helicity-one wave drops quickly, compared with

the rather constant helicity-zero wave. The asymmetry of the natural wave rises

to a value close to -1 at t = 0.2 GeV?/c? and drops to zero for large t.
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RANK OF THE DENSITY MATRIX

It can generally be shown that by using suitable base vectors the density
matrix for the unpolarized proton target can be split into two submatrices, one
containing only terms with unnatural parity exchange amplitudes, the other with
natural amplitudes [7,13,20]. Independently of the number of contributing ampli-
tudes, both submatrices have at most rank (R) = 2. For the case of S and P waves
only, with one natural parity exchange 7T partial wave, the rank satisfies R < 3.
In an earlier analysis [7] making use of positivity constraints, it was found that
at the p mass R = 2, while it was consistent with 2 for m < 900 MeV. A necessary
and sufficient condition for R = 2 is the proportionality of non-flip and flip

amplitudes for unnatural parity exchange,

with C the same complex constant for all unnatural amplitudes (C may depend on
m and t). In particular, C = 0 also leads to R = 2, and the fact that the rank
was found to be 2 was used as an argument supporting the assumed absence of A,

exchange in earlier analyses. From the definitions of the amplitudes, it follows,

with the above assumption, that

legl _ e+ il

In|  Jc - i

This ratio is expected to be the same for all unnatural waves if R = 2, and
to be unity if A; exchange is absent; fig. 17 shows it as a function ofvt, and
fig. 18 as a function of m with the same cuts as previously. The ratio increases
with mass consistent with |C + i|/|C - i] = 0.54 + 1.20 (mTrTT - mp), (mp = 0.77 GeV),
and the values for the S-wave tend to be somewhat higher (the numeric vglﬁes have
been obtained by a fit to the dominating P-wave). No significant dependence on t

is seen; 1in the high-t region the |g|/|h| ratio is badly determined owing to ex-

perimental errors.
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The assumption that R = 2 for the density matrix leads to the complementary
prediction that corresponding phases between unnatural transversity amplitudes are
equal:

Xgo * YUo = XUo :
This prediction seems to be compatible with our data in the p mass region, as a
comparison with figs. 9 and 11 shows. However, for the "phase coherent" solution

0

generally favoured by the m°m? data indicated by é, we find a systematic discrepancy

between Yso and Xso for mo above the p mass region.

We conclude that we see a small deviation from the R = 2 assumption in the
systematic difference between |gS[/|hS| and |go|/|ho| as well as in the phases

Yo and Xso above the p mass region.

A; EXCHANGE AND CONSEQUENCES FOR THE mn
PHASE-SHIFT ANALYSIS

One of the aims of this experiment was to check the assumptions on which pre-

. + - . :
vious T T phase-shift analyses were based:

a) vanishing of the unnatural parity exchange s-channel helicity non-flip ampli-

tudes, i.e. no A; exchange;

b) phase coherence: the s—channel flip amplitudes for the same exchange naturality

+ - . .
and the same ™ T spin are in phase.

Phase-shift analyses have been based either on the first [21] or on both [3,5,20,22]
of these assumptions. The first of these assumptions is clearly violated, and we
ml - 1l |)-

This limit is reached when flip and non-flip amplitudes are 90° out of phase

can establish a lower limit for the A; exchange amplitudes |n| > 1/v2 (

(n = Cf with C purely imaginary). The flip amplitude is then at its maximum,

|£] < 1//2(]h] + |g|). The mass dependence of the lower limit of non-flip/flip
amplitudes is given in fig. 19 for the low-t (0.005 < |t| < 0.2 GeV?/c?) region.
For a determination of the magnitude of the A; exchange amplitude, one has to rely

on a model fit [8,10,23] *).

*) From the fit in ref. 10, one finds for the Py-wave non-flip/flip ratio a value
of 35% in the p mass region at [t| = mi.
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In checking the second assumption (phase coherence), we encounter the diffi-
culty that a przori the phases between the transversity amplitudes do not relate
in a simple way to the phases between flip amplitudes, and the incomplete informa-
tion from this experiment is insufficient to determine them. Only in the case of
an R = 2 density matrix (n = C f), which is only approximately fulfilled, are the
angles between flip amplitudes equal to the angles between transversity amplitudes,
and the unknown phase between the set of g and the set of h amplitudes does not
enter into the problem. Neglecting the R = 2 violation, we can therefore read
directly, in figs. 9 and 11, the phases between amplitudes relevant for the phase-
shift analysis. The mass dependence shows two distinct sets of solutions. For
the solution indicated with ¢ the cosine of Xgo is everywhere compatible with -1,
whereas cos Xgo is different from 1. This solution is in agreement with the
assumption of phase coherence. The other solution (9) shows the opposite behaviour
with S-wave and helicity-zero Py-wave in phase. Note that the ambiguity is only
seen in the better-determined phases between the dominating h amplitudes. A
similar ambiguity was already found in an earlier analysis [15] assuming the ab-
sence of A; exchange. In this analysis the second solution (the phase-coherent
or "up" solution) was rejected because it leads to an S-wave structure with a width

approximately equal to the width of the p. This is not observed in the m°71° data.

In discussing the consequences of our findings on the old T phase-shift
analysis, we assume that the s—channel nucleon helicity non-flip amplitude is due
to A; exchange and not to a correction to T exchange which we assume to be given
by the flip amplitude. Therefore only the flip amplitude should be extrapolated
to the pole. If the rank condition were exactly fulfilled, the phases in the phy-
sical region determined in the o0ld analysis would be identical while the magnitudes
would be over—estimated by a factor /i_:—TET?. This fact was pointed out by
Ochs [24]. As mentioned before, we are still not able to determine C uniquely
but can only give upper and lower limits. From the fit to the go/ho ratio, we
obtain 0.30 < |C| < 3.4, 1.04 < /Tf:_ﬂ;rf < 3.6 at the p mass. So in the case

that |C| is close to the lower limit and that it shows a weak dependence on m -
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and t (except at very low t, where it should increase strongly), the old phase
shifts should be roughly correct. However, a new phase-shift analysis including

the A; exchange contribution in the extrapolation procedure seems very desirable.
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Figure captions

Fig., 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10

.o

.o

Definition of kinematic quantities: 1y is the angle between the nor-
mal to the production plane and (transverse) polarization of the pro-
tons; 6O, ¢ are the t-channel decay angles of the T in the rest frame

of the TT system.
Schematic view of the apparatus.

Missing-mass squared distribution for

a) events off butanol,

b) events from the hydrogen target,

c) product of left-right asymmetry and MM? distribution for events

taken with the butanol target.

Distribution in the angle Y of events for positive (full line) and
for negative (broken line) target polarization. If no nucleon polari-

zation effects were present, the two distributions would be identical.
Mass spectrum and normalized moments (Re Y;) for butanol.

Mass dependence (AM = 0.2 GeV) of cross—section (integrated over
m-t bin), and normalized t-channel moments in the low-t region

(0.005 < |t| < 0.2 GeV?/c?) scaled to 100% polarized protons.

t-dependence of cross-section and normalized t-channel moments in
the p region (0.71 < m < 0.83 GeV/c?) scaled to 100% polarized
protons.

t-dependence of the moduli of the transversity amplitudes (0.71 <
<m . < 0.83 GeV/c?). The amplitudes are normalized so that their

squares add up to unity.

Cosines of the phases between transversity amplitudes corresponding

to unnatural parity exchange.

Mass dependence of the moduli of the transversity amplitudes

(0.005 < |t| < 0.2 Gev?®/c?). Normalization as in Fig. 8.
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Fig. 11 : Mass dependence of the cosines of the phases between transversity
amplitudes (0.005 < |t| < 0.2 GevZ/c?).

Fig. 12 : Relation between helicity and transversity amplitudes:
a) general case,

b) phase coherence between flip and non-flip amplitudes.

Fig. 13 : t-dependence of the normalized partial wave intensities (0.71 <

2
<m o < 0.83 GeV/c9).

Fig. 14 : Mass dependence of a) normalized and b) unnormalized partial wave

intensities (0.005 < |t| < 0.2 Gev?/c?).

Fig. 15 : t-dependence of the asymmetries of the partial waves (0.71 < L - <

< 0.83 Gev/c?).
Fig. 16 : Mass dependence of the asymmetries (0.005 < [tl < 0.2 Gev?/c?).

Fig. 17 H t-dependence of the ratios Igl/lhl for the unnatural partial waves

2
(0.71 < m o < 0.83 GeV/c“).

Fig. 18 : Mass dependence of the ratios |g|/|h| for the unnatural partial

waves (0.005 < |t] < 0.2 Gev?/c?).

Fig. 19 : Minimum ratio between non-flip and flip amplitudes for the unnatural

parity exchange partial waves (0.005 < [t] < 0.2 Gev?/c?).
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