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A mm PARTIAL WAVE ANALYSIS FROM REACTIONS

+

+ - - : s
nfp > nTn A" AND v Tp- KK AT AT 7.4 Gev/e

S. D. Protop escu,T M. Alstors-Garnjost, A. Barbaro-Galtieri,
S. M. Flatté,*J. H. Friedrn] n,3 T. A. Lasinski, G. R. Lynch,
M. S. Rabin, and F. T. Solmitz
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

August 1972

ABSTRACT
We present results of an energy-dependent phase shift

analysis for wm energies between 550 and 1450 MeV from reactions
+

-n'+p - 1r+1r_ A+ and 'rr+p g K+K‘A++ at 7.1 GeV/c. The I =0 s wave
is parametrized in terms of a 2X2 M matrix coupling mr and KK
channels. All the obtained solutions rule out the possibility of a
narrow € resonance in the p region and are characterized by a
very rapid variation of the I = 0 s-wave amplitude near KK thresh-

old. We show that this rapid variation can be explained by a pole

in the second Riemann sheet close to the KK threshold.
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ERRATA

TO: - All recipients of LBL-970
FROM: Technical Information Division

Subject: LBL-970 "A ww Partial Wave Analysis from Reactions
mtp >t~ ATt and wtp > KtK- ATt at 7.4 GeV/c" by
S. D. Protopopescu, M. Alston-Garnjost, A, Barbaro-
Galtieri, S. M. Flatte, J. H. Friedman, T. A. Lasinski,
G. R. Lynch, M. S. Rabin, and F. T. Solmitz

An error has been uncovered (which also applies to results
presented at Philadelphia, 1972) which is of some importance above
1 GeV. In particular the s-wave contribution to the rTr~— KK cross
section is given by

2, 2502
Tt --KK™ 3 4mx ll TO-‘ ,
where Tg is the I=0, s-wave amplitude (cf. pp. 20 and 21). The
fits originally presented did not include the isospin factor of 2/3.

The enclosed tables are the results of fits which include the
correct factor, While all waves have changed somewhat above 1 GeV,
the most significant change is in n0 , which now reaches a minimum
of 0. 32. Since the fit tothen*r" 5 RK cross section is worse, the
confidence levels of the fits are somewhat poorer: case 1 - 16%
(165/147) and case 3 - 7%(173/150). All remarks regarding poles,
absorption, case (2), etc. remain much the same with the exception
that the S™ mass is somewhat higher and its width, somewhat narrower:
case 1) : S:: =997 - 127 (II) € =660 - 1320 (II)
case 3): S =996 - i52 (II) no € within 500 MeV of real axis.

It should be_emphasized that the primary physical changes occur
above 1. GeV (~ KK threshold) and that the estimate of the KK cross
" section is after all somewhat crude (cf, pp.13-15).



Table IV. Parameters obtained from fit (case 1). a

1

M), =-1.05 2.2 M}, =-0.0870.33
I=0 Mgz = 1.93 £0.42 M}Z =40.2050.24 Miz = 0.0031£0.0007
S wave

0o _ 1 |

M), = 0.04320.06 M), =-0.24140.25

Eg) = 0.775£0.004 GeV rg) = 0.160%0.04GeV r_ = 3.0£0.9 Gev ™ 1
- :V;ve agi) = 0.19 £0.25 a(ii) =-0.0340.064

b{!) = 2.24543.0 bt =-0.61120.7
Leo  ay) =-0.182009 al?) = 0.095:0.05 al?)=_0.01220.008
d wave bgz) =20.0 4.8 b(f) =25.0 £1.2

aff) =-0.0930.006 a(f) =0.004320.003 a(23)=-o.0005¢o.ooo4
I=1
fwave bg” = 2.31 0.27 b(f) =-6.27 +1.83
I=2 = -5

= a = -100 GeV
d wave ' (fixed)
_ 2 _ -2 a2 _ -3

c. =-2.2%10 c.=-4.17 %10 c. =1.48% 10 c.=-2.49% 10
=2 0 1 2 | 3
§ wave cy = 1.76X 1074 c g =-4.24X 10°% -

' (fixed)

%Correlations between parameters are large; for any computation using these param-.
eters the full error matrix should be used (Table V). Unless otherwise indicated,
units are in appropriate powers of p (Tr-mass).




Table VI. Phases and inelasticities (case. 1).

.150

2087

- Mass 0 0 1 1 0 0 1

(GeV) % "o %) My % M2 53 “%

.55 43 +£2 10+0.7 0+0.5 - 0+£0.1

.625 56+3 19+0.8 0+0.5 -0.4+£0.2

.665 62 +4 301 0x0.5 -0.5+0.,2

.690 6814 39+1 0+0.5 -0.6£0.3

.71 694 48+ 1 0+0.5 -0.8+0.4

.73 72 +4 60+1.5 0+0.5 -0.8+0.4

.745 74 4 70+1.5 0+£0.5 -0.9+0.4

.755 764 77+1.6 0+0.5 -0.0£0.4

.765 774 85+1.6 0+0.5 -1.0£0.4

.775 79+4 92 +1.6 0x0.5 -4.0+0.4

.785 80+4 99+ 1.5 0+0.5 -1.0+0.4

.795 » 841x+4 105+£1.5 0+0.5 -1.1+0.4

.810 83+4 114+ 1.4 0.4+ -1.2+0.5

.83 86+4 124 +1.2 10+0.9 -4.3+0.5

.85 88+ 3. 134+1.1 161 -1.4 £0.5

.87 91+4 1361 2.5%1 -1.4£0.5

.89 94 +4 142+0.8 3.3+1 -1.5%0.5 :

.91 99 +4 145 +0.8 4.44+1 -1.5+0.5 0.95+0.02

.935 1095 150+£0.9 0.99+0.01 6.4+1.2 0.99+0.014 -1.4+0.5 0.85+£0.05

.965 134 5, 153 +1 0.99+0.014 8.9+1.4 0.99+0.01 -1.1%0.6 0.80+0.05

0 194+9  0.39+0.08 156+1.2 0.99%0.01 1222 0.94+0.03 -0.7+0.8 0.78+0.05

.04 215+9 0.35+0.04 458%1.6 0.99+0.03 19%2.5 0.84£0.06 0.1+£0.7 0.78+0.05

075 215+8 0.42+0.04 160%+2.5 0.98%+0.05 274 0.78+0.08 1.2 +0.8 0.80 £0.05

.105 243+8 0.48+0.04 162+3.4 0.98+0.06 3434 0.81+0.06 2.4x1.1 0.82 +0.06

.135 2140+ 8" 0.54+0.04 163+4 0.96+0.06 40%£5 0.91+0.04 3.8+1.8 0.86+0.07
0.57+0.04 1646 0.94+£0.07 44+7 0.94+0.04 4,5+2.0 0.90+0.1




Table VIII. Phase shifts for case 3.

—

M, 5 M, 5
0.55 4743 0.85 8245
0.625 54 %3 0.87 865
0.665 . 58x4 0.89 92 %5
0.69 61+4 0.91 99 %5
0.71 63+4 0.935 112+ 6
0.73 65+ 4 0.965 = 1367
0.745 67+4 1.0 184 +9
0.755 68+4 1.04 . 2039
0.765 69+4 1.075 2139
0.775 ' 70 +4 1.105 2179
0.785 T1+4 1.135 2219
0.795 . 734 1.150 2229
0.810 75 %4

0.83 ' 78 +4

I
l

_.Table IX. M-matrix parameters for cases 2 and 3.

Case M M

2 -0.358  2.14 -0.143 -0.68  2.64 -2.32  -0.186

3 3.38 2.40 0.715 0 0 -0.0038 0
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I. INTRODUCTION
Because of its theoretical simplicity, the s-wave 71 scatter-
ing amplitude has been the subject of substantial experimental and
theoretical work over many years. 1 The experimental work has de-
pended on the use of reactions dominated by pion exchange; the anal-
ysis of these reactions has yielded some information in the region of
the p meson, but a persistent ambiguity in the s-wave amplitude be-

tween 750 and 900 MeV has made any conclusions drawn from the

- data very uncertain.

Recently, in the reaction 1r+p—> 1r+1r—A++, we have observed a

strong anomaly in the mm system near KK thre shold;2 this anomaly
consists of a shoulder followed by a rapid drop in the cross section
between 950 and 980 MeV, and a striking discontinuity in the Y,l0
moment at 980 MeV. The data agree ﬁicely with the interpretation
that this anomaly arises from unitarity a.nd a strong coupling of the
s-wave T channel to the KK channel at threshold. 3 Furthermore,
this interpretation provides a complete resolution of the ambiguity
that has plagued the determination of the s-wave amplitude for many
years.

The important qualitative conclusions drawn from our data
were reached without the need of a complicated analysis. In our
previous paper no exfrapolation to the pion pole was undertaken, and
a simple Breit- Wigner form for the s wave near KK threshold (the
S* resonance) was used to show qualitatively how the effect might be
interpreted. However, a more quantitative analysis is desirable:

that is the subject of this paper. We have added extrapolation to the

-2-

pole, I = 2 waves, inelasticity in the p and d waves, an'f wave, and
a 2-channel M-matrix treatment of the s-wave amplitude.

Most of the information on mm phase shifts so far has come
from reactions of the férm T™N - wrN. 1 Extrapolations to the wpole,
using this reaction, suffer from the fact that the amplitudes contain
a kinematical zero somewhere between tNNi p.z (w—ma'ss squared)
and tan = 0- Because of absorption effects the position of this zero
is not known with precision and may occur at different values of NN
for each partial wave amplitude. This makes results of extrapola-
tions uncertain. Reactions of the form wN - 7% Ado not have this
problem; therefore one can extrapolate the normalized YI? mo-
ments. In addition, one can check the validity of the extrapolation
by comparing the extrapolated Y(I)Jmoments of the 1\'+p vertex with
the moments for physical 'rr+p scattering. These advantages are

partially offset by the fact that |t {(minimum momentum

NA minl

transferred squared) is larger, requiring an extrapolation over a

larger interval of t Because of these problems a detailed anal-

NA®
ysis from a single experiment cannot be expected to give definitive
values for the phases and inelasticities. In the absence of physical
mn scattering one can only. hope that a consistent set of solutions may
emerge from various different reactions at different energies.

We present here results of a mr phase shift analysis by using
the reactions:

oo A

(1) wtp > nfn (32100 events, |t <0.4 GeVZ),
p pA

+ I - 2
2) ®'p -K'KA (682 events, l_t'pAl -t |<0.1Gev?)

at an incident beam momentum of 7.1 GeV/cZ. Data from reaction

‘n'+p—> K° K°A++ are also used to-estimate non-w-exchange background
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contribution to reaction (2). In addition we present data from 4w
systems recoiling against the A++ which are relevant for estimating
inelasticities but will not be used explicitly in ;the analysis.

In Sec. II we discuss the experimental data. In Sec. III we
discuss how the extrapolation to the = pole is done. To obtain the
wtr > 1717 cross section we perform a linear Chew- Low extrapola-
tion in tpAmodiﬁed by Diirr-Pilkuhn form factors. The Y(i mome nts
are obtained by a simple linear extrapolation in tpA‘ In Sec. IV we
present a parametrization of the partial wave amplitudes which we
use to fit the extrapolated cross section and Y% moments (up to L=6)
between 550 and 4150 MeV. The I (isospin) = 2 amplitudes are as-
sumed to be elastic everywhere, the L#Z0 (I #2) amplitudes are al-
lowed to become inelastic at the wm threshold (~ 900 MeV). The I=0
s wave is described by a 2X2 M—métrix which couples 77 and KK
channels. The results of the fits are given in Sec. V. They agree
with the results of our previous analysis in that our 68 rules out

the "up'' solution (narrow €) in the 800- to 900-MeV region and varies

0
0

~990 MeV). All the fits with reasonable XZ gave essentially the same

rapidly before the KK threshold (§) = 90° at ~ 900 MeV, §) = 180° at
phases and inelasticities within the computed errors. Using our
M-matrix parameters, we looked for poles in the I=0 s-wave ampli-
tude. We always found one pole (S*) on the second Riemann sheet at
980+ 6 - i(37+8), which can be interpreted as a KK bound state. We
also found another pole (€) on the second Riemann sheet at

600 + 100-i(250 £70), but when we fitted with slightly different param-
etrizations we obtained fits with similar phase shifts which did not

have an € pole in the second Riemann sheet. This indicates that

-

considerably more data (especially below 550 MeV)are needed to be
able to locate faraway poles. Also, the effect of 47 cut (which we
neglect) might have to be included. |

In Sec. VI we do an energy-independent phase shift analysis
between 500 and 930 MeV, assuming that only elastic s and p waves
are present. We show that between 700 and 880 MeV one cannot elim-
inate the usual '"up-down'' ambiguity on a point-by-point basis using

the Yci) and Yg moments alone, but near 900 MeV the '""down'' solution

(682 90°) seems to be strongly favored. In Sec. VII we present data
for the three-body systems ('rr+'n'+11'- and 'n'-n'+p) to show that three-
body resonances do not seem to contribute significant background.

We also show how model-dependent absorption corrections may mod-
ify our results and discuss the effect of p-w interference on the extrap-
olation. We summarize our results in Sec. VIII. In Appendix A we
discuss in more detail the possibility of additional poles in the S*

region. In Appendix B we give tables of the extrapolated cross sec-

tions and moments used in the analysis.
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II. DATA REDUCTION
A. Path Length
We used two methods to compute the path length:
(1) count the number of beam tracks,
(2) count the total number of events and divide by the total cross
section ( GTOT)'
With the first method we obtained 44.8+0.4 events/pb. For

the second we used o, = 25.5+£0.3 mb given by Dardel et al.,4

TOT
and obtained 42.8 1.2 events/ub. The largest uncertainty in the
second method is in estimating the loss of forward elastic events
because of short proton tracks. Using the tpp distribution of elastic
1r+p events obtained by Foley et al.,.s we estimated that we lose about
38% of the elastic events. The lower value obtained with this method
as compared to the first reflects the amount of p.+ contamination in
our beam (between 2 and 3%). Therefore the second value was used

for computing cross sections. More details on the path length com-

putation are given in Ref. 6.

B. Scanning and Measuring

About 20% of the film was scanned twice and 10% was scanned
three times. The total number of events found was 1025200 of which
415 600 were 2-prongs, 421650 4-prongs, and 107 170 6-prongs.

The rest are higher prongs and other topologies. We used the simple
Geiger-Werner method for calculating scanning efficiencies, which
should be quite adequate for 4-, 6-, and 2-prongs (excepting those
with short proton tracks) sincé no subsamples are expected to be

harder to see than others. The third scan was used to check the cal-

culated scanning efficiencies; we found the values to be consistent

-6-

within the quoted errors. The scanning efficiencies are given in
Table I. The events were measured on the spiral reader.

For data reduction the LBL Group A programs POOH, TVGP,
and SQUAW were used. Failing events were measured a second
time (excepting 2-prongs). The overall measuring efficiency for 4-
and 6-prongs is 95+14.0%. The particular sample of 4C 4-prongs
used in the analysis had further selections made in the fitting pro-
grams,‘ which resulted in an effective measuring efficiencies of

90 + 1.5%. Details on the determination of scanning and measuring

efficiencies are given in Ref. 7.

C. Selection of Data Used in the Analysis

The following reactions will be of indirect or direct interest:

(1) 1'r+p - 'rr+1r_'n'+p 72 700 events

(2) 1r+p - K+K-1r+p 4 600 events
+

(3) 1r+p s ateete e p 15460 events

(4) 77p - 7'n 1 p MM (missing mass =21 113 570 events

One K® decays to 1'r+1'r_, 1270 events
the other is not seen

Both K° seen to decay

to ™ m in bubble chamber

(5) 1T+p - Tf+p I—<0 (KO)

(6) Tr+p - 1r+p K'K° 286 events

 We will only study the systems recoiling against a A++; we
define the A++ as the 1'r+p combination with mass in the interval 1.413
to 1.36 GeV. Where more than one ‘rr+p combination lies in that inter-
val the combination with the smallest ltpA‘ is chosen as the A++.
The number of events with more than one A++ candidate is consider-
ably reduced with a2 small t cut. Of 32 100 the 1T+Tr—A++ events with
ItpA' <0.4 GeV2 (which we will study in great detail) only 5% are

ambiguous. From the mass and t distribution for ambiguous events

we estimate that no more than 300 events may be misinterpreted
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(or may be double A++ events) by our selection criteria. About 15%
of the K+K-1T+p (2) events are ambiguous with 'n'+'rr-1'r+p (1) events.

After we select events with a A++ and )t'pAl= ‘s 0.1 GeVZ,

'tpA B trnin
only 17 out of 682 events are ambiguous {2.5%). The 1r+p'K°(K°) (5)
events have a high percentage of ambiguities, and we shall discussa

restricted sample of them later on (Sec. III-3). After the A++ selec-

tion we are left with:

1T+p i

(1M 71'+'n'_A++ 32 100 events, ‘tpA[ <0.4 GeV2

23400 events, ltbAl <0.1 Gev?
(21 KTk att 682 events, |t! \[ <01 Gev®
(31 RN 2470 events |ty Al <0.1 Gev?
(4" SR V: VN 9600 events  |t! | <0.1 Gev?
(5 RO(KO) ATt 140 events, It{oAl <0.1Gev?
(6" Rk At 63 events, |t;)A| <0.1Gev?,

Part of these data have already been published in Ref. 2.

The mass distributions of the 1T+p system and the systems re-
coiling against the A++ are shown in Figs. 1-6, both before and after
the selections. For extrapolations to m pole of the nta system we
use events with ltpA' <0.4 GeVZ. The mass resolution of A
events varies somewhat as a function of mass, being +5 MeV in the
p region (~760 MeV) and +8 MeV in the f0 region; the dependence on
mw angles is generally small. (For further details on mass resolu-
tion see Ref. 8.) Because we only consider events with small mo-

mentum transfer there are no ambiguities between nt and p tracks.’

III. EXTRAPOLATION TO n» POLE

If ™ exchange is dominant, the amplitude for the reaction

-rr+p—-> 1r+'rr—A++ is of the form (ignoring effects of absorption):

Als, t)

+ + - -
o (zplTr p><v2+vr [Tln*y L ¢
t-p

(1II.1)

where X stands for processes not produced by m exchange, e.g., A2
exchange, 1T+p - A2+p, 'n'+p - 'rr+N*+, etc. When t - p.z the first term
diverges while X remains finite. The hope then is that by extrapola-
ting to t = pz one removes off-shell effects and non T-exchange con-
tributions. After extrapolating, the analysis becomes simpler in the
sense that a standard phase shift analysis may be attempted. This
simplicity is offset by the uncertainties in extrapolation procedures
and the large increase in the statistical errors because of the need to
divide the data in cells of t and m_ - The uncertainty becomes larger
the higher the mass becaduse ltminl increases

min

_ 2 - 2
(t_ . =-4.3 " at 760 MeV, tmin‘ -5.2 p at 1280 MeV).

A. Evaluation of the m'm — 7 n~ Cross Section

In the case of one-pion exchange, the differential cross section
for the process 'n'+p - (TT+1T-)(TT+p) is given by (if we neglect background

terms in III.41):

3 2
d’o 1 2 G (t) 2
= (m~q . 0__) (M"Q.o_ ), (111.2)
dt dM dm 41731:12}:2 t o (tqu)z t mp
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where
- + - . :
PI = ¢. m. momentum m =7 7 invariant mass,
£ _ R .
= c.m. energy, M =7 pinvariant mass,

+ - .
T m cross section,

G(t) = form factor =1 at 7 pole, o .

+ .
T p cross section,

= W mass, =
B U-rrp
q = virtual T momentum in 'rr+1r- rest frame,
Qt = virtual ™ momentum in 'rr+p- rest frame,
In addition we define for later use:
_ . + . + -
q = outgoing T momentum in 7 7 rest frame,

outgoing p momentum in ‘rr+p rest frame.

Q

We have then:

S " . 1/2

(M2+rn2—t)2
- Tp 2
Q = -m .
t p

4M2

=J s et
9 z
4m

The standard method of extrapolating is to calculate first:

2

1 (t G
o —_—— dm dtS de _(_2__ M Q 0' . 3
OPE 4'rr3P2E2 qy & M2)2 - (II1.3)

The above is the integral of Eq. (III.2), where we have set O = 1 mb
R . + :
and Gﬂp is the physical m p~— 1r+p scattering cross section. Then one

9

fits to a polynomial in t the function

3 AY
F(m, t) =<S' de' dt‘g —do ) , T4
dt' dM dm' /%opE (L4

where m = (m1+ mz)/Z and t = (t1+ tz)/Z. The cross section for wtn”

. . 2
is then given by O'Tm(m) = Flm,t=yu").

-10-

With this procedure one usually needs high-order polyno-
mials in t to obtain good results. A linear, or at most quadratic,
extrapolation seems to be quite adequate for our data if we modify

o with Diirr-Pilkuhn form factors (DP). The disadvantage is

OPE
that one must know in advance the amounts of each wave present (see
q. (III.5) below). Fortunately the effect of DP form factors is not

very drastic, so a rough estimate is quite adequate.

The DP method consists in replacing:10

9 —a for s-wave

2 2 2
t q 2 2
1+qut

\ 4 22 _44
9+3qu+qu

4 7 \g; 2 2 44q

943 qut +Rd

for p wave (II1.5)

for d wave.

For the A++ vertex the modification is slightly different:

(Mim_)%-t  [Q\ 1+R?
Q- —PB [t — & _q (I11.6)
72 (@ 3
(Mtm )%y 1+R Q)

11

Using these form factors, Wolf " could fit very well the t

distributions in the o region (for 1'r+p—>1r+1r_A++) at various beam en-

ergies with R = 8.28+0.2 Gev™!and R,=3.97%0.11 Gev 1. In ad-

dition he had to introduce a slowly varying function:

2

Gl(t) = C-p

el where c=2.29:t0.27(CreV)2

These values have also given satisfactory fits to other reactions.

We made least-squares fits to t distributions for different 7w mass
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regions, assuming that p wave and d wave are given by p and f,
mesons, and that the s wave is smooth and of the order of 13% of the

cross section. We found that Rp and RA are strongly correlated. 1If

RAis kept fixed at 4.0 Gev™ ! then the best value for Rp was found to

be 8.2 GeV~ 1, in good agreement with Wolf's value. In Fig. 7 we
show the result of a fit to the t distribution for 0.76 < M_"_IT <0.78 GeV,

A least-squares fit to the fo region, keeping Rp and R, fixed, showed

A
that the value of Rd tends to be large and the fit is not very sensitive
to it as long as RdZ 14.0 GeV-i.
. _ -1 _ -1
For calculating %opE W used RA— 4.0 GeV 7, Rp— 8.2 GeV 7,

= 14.0 GeV_i, and took ¢ . from Carter et al. 13

T p

R We then did a

d

least-squares fit to:

F(m,t) = a + bt (Note that o__ = a +bu°) (111.7)

to determine a and b for various mass bins. Mass. bins were chosen
of variable width so as to have roughly the same number of events in
each bin. In the range 0.6 to 1.4 GeV the Xz'for a linear fit was good,
varying between 3.0 and 6.0 for five degrees of freedom. A quadratic
fit did not improve XZ significantly in that energy range, and the ex-
trapolated values were compatible with the ones obtained by a linear
extrapolation, but the errors on the extrapolated points were substan-
tially larger. Below 600 MeV, linear fits had poor XZ (= 10.0); qua-
dratic fits were found to be much better.

Extrapolation were tried for many different t intervals and
also using the x variable of Baton et a,l.14 Results varied little. The
cross section shown in Fig. 10 was obtained with a linear extrapola-
tion in t(|t] < 0.4 GeV?) for points above 600 MeV. Below 600 MeV

the extrapolation was quadratic in t. We obtained at 760 MeV,

~12-

O = 133.4+£4.8 mb; and at 1280 MeV, U_mr=3'1.2 *2.0 mb. The quoted

errors are statistical. The unitary limits at those masses are:

at 760 MeV (12 mX%)

at 760 MeV (1—96 X%

at 1280 MeV (-%Q 'n'kz)

at 1280 MeV (-%6- mx%).

I=1 p wave 116 mb
I1=0 s wave 17 mb
I=0 d wave 27.9 mb

I1=0 s wave 5.6 mb

B. Extrapolation of Y(I)_. Moments

To extrapolate the moments we simply calculate:

N
(Y?J} (m, t) <Z Yi’i /N, (111.8)
i=1 :

where N = number of events in (m, t) cell, and fit <Y(])_J> (m, t) for

each m to a function a+ bt. The mm (Y(i) is assumed to be equal to
<Y%) (m, pz). Various intervals in t were tried, and the results were
always consistent with each other. The ones shownonFig.10(,c,d) were
calculated for It |$O.4 Gev?. Quadratic extrapolations only increased er-
rors substantially without improving XZ significantly. Extrapolations
using the variable x of Baton et al.14 were found to be unsatisfac-
tory, often giving values that were too high and would violate uni-
tarity for some of the partial waves.

Since the moments are normalized we can neglect kinematic
factors. In principle, no factors would be needed if off-shell effects
were the same for each partial wave. We find that by including DP
form factors we can change the results by at most 1%, while the er-
rors onextrapolated points are usually of the order of 10%. Unknown

phases in the form factors may introduce larger corrections, but we
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know of no reliable way to estimate how important these phases may
be.

The validity of the extrapolation procedure can be checked by
looking at Y?J for the 'n‘+p vertex as a function of ‘rr+p and 7T mass.
They should show no depe(ndence on T|'+1T- mass. Linear extrapolations

of YO show striking agreement with the values for 1T+p elastic scatter-

1
ing (Fig. 8), except for mm mass below 600 MeV, which makes the re-

gion suspect. We have no adequate explanation as to why the extrap-

olation should fail at low wm mass. It is worth emphasizing that if the

A++ was produced by some process other than 7™ exchange there is no

reason to expect Yo to behave as observed in physical TT+p scattering,

1
since that moment is determined by the interference between S and P
0 —
4=

ment (Fig. 9) also agrees quite well with the one observed in physical

waves; a pure A state would give Y 0. The extrapolated Y(Z) mo-
-rr+p scattering, but this is a weaker check, since any reaction where
the P33, M = 3/2, wave dominates will give a similar Yg moment.

These results give us more confidence in the validity of the extrap-

olation but they do not constitute a proof.

C. Determination of w'nr” > KK Cross Section

Since we do not have enough KK~ events to perform a mean-
ingful extrapolation, we chose to calculate the KK cross section by
com.paring the number of K+K-A++ events to 'n'+‘rr_A++ events for
[t‘pA | <0.1 GeVz. Note that KK~ may consist of a mixture of C=+1
and C = -1 states. Only C =+1 can come from ™ exchange. We use
the meager information available from K°K°® A++ events to estimate

the relative amounts of C = +1 and C=-1 events. For KK mass less

than 1.1 GeV and t'pA <0.1 GeV2 we have:

-14-
+
T p -
+o-

(1) K’k At 146 events,

= +4+
(2) KO(KO) A Only one K decaying in the bubble

o o+t chamber; (tom 7" ) 19 events,
(3) K°K® A Both K%s decaying in

the bubble chamber 18 events.

All of the events in reaction (3) must be KsKs which have
C=+1, and some percentage of reaction (2) may be KsKL with
C=-1. Of the 19events with one K° decay not seen (2), 8 are
ambiguous with 1r+K+K° MM (missing ;nass z 70 n) although for 4 of
them bubble density favors strongly the K°K° Tf+p interpretation. We -
expect 5% of Ks to decay outside the bubble charﬁber and another 5%
to decay too close to the vertex to be identified as a vee. These ef-
fects add up to a 20% correction for reaction (3). In addition there is
another 10% correction because scanning and measuring efficiencies
are lower for reactions (2) and (3) than for reaction (4). Since a Ks
decays 2/3 of the time into ‘rr+11'_, we expect 4/9 of the KsKs events
to contribute to reaction (2) and another 4/9 to reaction (3). Since
the number of events in both reactions is equal within statistiés, they
are clearly consistent with the assumption that they come from K K,
decays. Furthermore, if we assume that all the ambiguous eve;its
in reaction (2) are truly KK° A++ events then we obtain, after cor-
réctions, 53+10. Neglecting phase space corrections, we would ex-
pect a C = +1 state decaying into KK to go 1/2 of the time into K+K—,
1/4 into KsKs-’ and 1/4 into KLKL. From the K+K— events (after a
7.2% phase space correction) we expect 686 KsKs events to be com-
pared with the 53 £10 calculated from K°K° events. The agreement

is reasonably good, indicating that less than 15% of the Kk~ events

in this region may come from a C = -1 state.
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To compute the rte KK we simply multiplied the ratio of

+o- - ;
KK a * events to 1T~{_-Tl’ A++ events by twice the extrapolated mm cross

section. The results include a phase space correction for the difference

in mass between K° and K+.

1be

IVv. ENERGY-DEPENDENT ANALYSIS: METHOD

The partial wave amplitudes for 1r+'rr— scattering may be written

as:
s =-§—T8+%T(2), P:Ti,
(IV.1)
2,0, 1.2 oA .
D = $T, + 3T, F =T},
where
1. 41 2i5'y
T, = —Z-_.L-(nge ). (IV.2)

Upper indices denote I-spin, and lower indices angular momentum £.
The cross section and the Y(I)_. moments are, in terms of the above

amplitudes:

Q
i

4m X2 <}s]2+ 3|+ 5|D|2+7|F|2>,

™
— —_ 2
0 3 * 3 * 3 *_. | amx
(Y,)= {ERe(s P) +,z«/; Re(P D)+3«/? Re(D F)] "1:m ,
(x9y=[ = |p|2+J§ Re(s*D)+%J% D[P+ =X Re(B'F)
NEL: N5
2
+—L‘Fl2] %T—'-i-, (Iv.3)
KNETD T
sk K - B 2
(Y3 = [ 9 Re(P*D) + 2V ReD*F) +4/ 2 Re(SkF)] L
NTw T
. e 2
<Y2> - [__15 D+ 2= Rre(P'F) + —2L lF|2] i"" ,
v W N 1T ™
2
(vey= —22—Re('F) ATX,
a
) 14w Lias
2
<Y2> _ 350 [F‘Z 4:?&
33/ 13w Lk

The total number of parameters [Eqs. (IV.41) and (IV.2)] to be
determined at each value of m__ is 12, assuming partial waves up to

L =3 are important., It is not possible to determine them by an energy-

independent analysis using the reaction 1T+p—> wte att alone, 15 since

va
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we only have seven constraints—six moments and the cross section
[Eq. {IV.3)]. 1In order to extract phases and inelasticities we param-
etrize them as functions of mm mass (or momentum) and then do a
least-squares fit to the moments and the cross section.

The parametrization we use is the following (summarized in

Table II):

A. p Wave, f Wave, andI1=0 d Wave

For the I=41 p wave and f wave, and the I=0 d wave, we use a

’

Background, TB’ plus a Breit-Wigner amplitude BW,

2150
(DB .y (p)
T} = Eﬁ——;—- 1 21 gy lh) (1V.4)
where
* 1 below wm threshold
KU
B e-v(Z) above ww threshold,
1 2
w4 <q - qﬂ)”H(Z b4 qn> , (1V.5)
n=o0
N \
8 _ 24+1 () n I1V.6
6%3 = gq z <an q ) ; ( )
n=o :
q = 77 c¢.m. momentum,
q‘th = q evaluated at wm threshold,
(£)
w4 = T /2 Tl av.mn
E&E)-E—(ir‘( }/2)
28+1 (£) R
2E D
R Té”(‘"‘q‘—(z) ) . T (Iv-8)
T
ag ER'+E g

18-

E = mW c.m. energy,

q(z) = q evaluted at E = E

R R’
Dl; = D,@ evaluated atE = E_ .

R
For the p wave,.
r( o), o
T wm
2.2
D1 =1+q rp (Iv.9)

4 0 below wm threshold

wmr

2 3
( Bwpr L above wm threshold.

There are eight parameters describing this wave that must be obtained

: (1) (1) (1) (1) (1) ()
from the fit, namely ao , a1 , bo , b1 , FR , ER , gpw'rr' and r .
It turns out that gpwﬂ is strongly correlated with bgi) and bg“, so

6

2 . 1 - i
g was fixed ° at 0.6 GeV™ 2 and only seven parameters were al-

pw
lowed to vary.

For the d wave,

r@. r@
mI

KK
_ 2.2 4 4 -
D2 = 9+ 3q Te 4+ QT (IV.10)
0 below KK threshold
TRk =

iz \3 _
8Kk (%—) above KK threshold,
KK

qKI—{-= c.m. momentum of ISI? system,
R__ _ - (2
IR = xR at E = ER -
In this case, since the overall fit is only up to 1.15 GeV, ]“;2) . Eg),
and roare kept fixed at values obtained from a fit to the mass distri-
bution alone (T‘lgz) = 0.18 GeV, Eg) = 1.28 GeV, re =3.0 GeV~ 1)', and

2 . .
kg 15 set at 0.04. This value was chosen by comparing the number
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of events in the KK channel to the number of events in the 7 " chan-
nel in the f; region for !t‘ ‘< 0.1 GeVZ. At such low t the A2 contribu-
tion to KK in that mass region should be quite small. The fits are not
- ips 2 2
particularly sensitive to the value of ggK 28 long as EKR <0.1. The
parameters left free are five: a‘z), a(z), 3(2), b(z), and b(z). 17
i 70 1 2 0 1
For the f wave we use an elastic g resonance (fixed mass and

aé3), a3, 323),

width) plus a background with five free parameters: 1

b0, and ().
The parametrization for the p wave, f wave, and I =0 d wave
has the expected threshold behavior for 6 and is a reasonable approx-
imation for m. In addition it is a good approximation to the expected
behavior of an inelastic resonance plus inelastic background in the
elastic channel if the pole is not close to a thre shold.18 For certain
values of ¢(,(7,) the parametrization may violate unitarity at some en-
ergies. We found that in setting ¢(2): Gg), unitarity was never
violated in the fitted region. We emphasize that we are not attempt-
ing to separate tﬁe amplitude into background plus a resonance, we
are simply using what we consider a reasonable approximation to the
dependence of 6 and n on the energy in order to extract them from

the data. No particular significance should be attached to the values

obtained for the parameters themselves.

B. 1 =2 s and d Waves

The fits are not very sensitive to the I = 2 amplitudes which
are known to be fairly small in the fitted region. We set n(z) :ng =1

throughout. For the I =2 s wave we take

5
2 N\ 2n
60 = q Z qu )

n=0
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where the various coefficients were obtained by fitting published data. 19
The 62 phase i i
o pnase is poorly known at present but is believed to be

: 2 :
negative. 0 For the I = 2 d wave we set

5 = aq”,

_ -5 :
where a =-100 GeV™ ~. This reproduces reasonably well the values

given by Baton et al. 14
C. 1=0s Wave

The I = 0 s-wave amplitude is parametrized in terms of a 2 X2
M-ma’crix;21 we assume that only the 7w and KK channels are impor-
tant. Assuming that most éf the events in Tr+‘n'-1r° 7 below 1 GeV come
from wr events, we can estimate (see Figs. 3 and 4) that below the KK

0 .
threshold Mo 2 0.98. Thus a two-channel analysis should be adequate

for this wave.

Set T =

where
T =afn > T'+Tl'_' i
11 U s-wave amplitude,
T,, =71 - KK i
12 s-wave amplitude,
T22- = KK - KK s-wave amplitude.
These amplitudes are normalized so that
IZ

- 2
oy = 4 X |Tij

In terms of the M-matrix,

T = 1Y 2Mos 1 k12

k

diagonal matrix of momenta.
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Explicitly, T is given by
. ky (Myp - ikp) Nk, My,
T =5 (IV.11)
Nkyk, My, koM - iky)
where
' _ . . 2
D =My, - iky) (M, - ik;) -M, ",
k1= T momentum in 7w rest frame,
k2= K momentum in KK rest frame.

This representation—provided M is real and symmetric—with the pre-

scription k,— i |k2 I below KK threshold satisfies the requirements

2
of analyticity and unitarity under the assumption that we can neglect
channels other than 7w and KK. The M-matrix elements are taken of
the form
_ 20 1
M,.= M.. + M, (s-5 ), (Iv.12)
1] 1} 1) 0

where s = rn12m and so = s at KK threshold. It is evident that the re-
sults are independent of the choice of s,. A reasonablé fit can be ob-
tained with a linear expansion of Mij’ but XZ improves substantially if
one more term is added to either M

or M Adding more terms

12 22°
oniy increases the correlations between parameters without changing
XZ significantly. So we use a linear expansion in M11 and M22 and a
quadratic one in M12. This gives seven free parameters for the I=0
s-wave amplitude. From the data in the physical region ( for which

we have *8-MeV resolution, FWHM), we can infer that the s-wave

amplitude should be almost zero within 10 MeV of KK threshold, and

-one could force that constraint on the fit by setting Mgz= 0.

.22

V. ENERGY-DEPENDENT ANALYSIS: SOLUTIONS

We have 24 parameters to be determined from the data. The
parametrization is summarized in Table II. We fit the extrapolated
moments up to YZ and the cross sections ('n'+-rr— - 'n+'rr- - Kﬁ) between
550 and 1150 MeV with a total of 171 points.22 We did a large number
of fits starting from different initial values and varying slightly the
parametrization for each of the waves. We must emphasize that our
parametrization is by no means unique and other parametrizations
might serve equally well. Variations in our parametrization are dis-
cussed later on. The XZ for the best fits range from 150to 160, which for
147degrees of freedom corresponds to confidence levels between 40% and
20%. In‘Table II we list some properties of the three fits with similar
XZ which differed the most. The curves shownon Fig. 10 are for case 1; the
parameters and error matrix for this case ére given in Tables IV and V.

Overall the fit seems reasonably good but there are some .notice- ‘
able discrepancies. Between 550 and 650 MeV, predicted Y(i) is 'system-

atically high, Y0 systematically low, and Yg is not as negative as the

2
data. It might be possible to improve the fit if the { wave is more nega-
tive in that region than the pi'esent parametrization permits. In the re-
gion 760 to 800 MeV the ww cross section and Y(i) have a dip and Yg a
spike not predicted by the fit. If we believe that in that region only s and
p waves are important, then the ‘value for extrapolated Yo2 is unphysical.
The contribution to )(2 of that region is 32 (for nine points), so it was
excluded from the final fits. Since this effect occurs very close to the
w mass (783 MeV), it is cex;tainly possible that it is associated with

p-w interference. If this is the case it is somewhat surprising that we

observe the effect on the extrapolated data, since the w cannot be
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produced by w exchange (at least not strongly); thus, it is part of the
background that should disappear when we extrapolate. On the con-
trary, the extrapolation enhances the effect. A similar phenomenon

was observed in the extrapolation of 7 cross section by Colton et a.l.23

+ - .
™ A++ at 8 GeV/c. To see if this enhancement

for the reaction 1r+p-> 1T
was due simply to the conditions of the extrapolation [i.e., linear and
including events up to 'tpAI = 0.4 ('GeV/cz] we performed quadratic and
lipear extrapolations using different cutoffs for t in that region. The
quadratic extrapolations tend to enhance the effect even more; choosing
smaller cutoffs only increased errors without changing results signif-
icantly. An explanation for this effect, which is consistent with data
for reaction 'rr+p d wA++ at 7.1 GeV/c, is that at small t the w is pro-
duced mainly by B exchange with zero helicity. In this case p-w inter-
ferénce is most pronounced at small t, distorting results of extrap- -
olation to the 7™ pole. See Sec. VII-C for more details on this effect.
In order to fit the moments Yg to Yg above 900 MeV, we needed
all waves (excluding £ =0 and I =2 ampli‘.cude s) to become inelastic at

17

the ww threshold. If the w had zero width this threshold would be at

920 MeV; the fits improved somewhat if we allowed the threshold to

start at 900 MeV instead. We also found that we could not fit very well

the moments YZ to YZ with the parametrization for ‘né described ear-
lier [Eq (1v.5)]. 1In addition, by 1.0 GeV, ‘q; was too small to be con-
sistent with data in the 4w channels (predicting an order-of-magnitude
more events than observed). A better fit is obtained if we take in-
stead:

3 .
-.-](B) = 1 313 2 above wm threshold,
+b1 q)

1+(g-q, ) (b
(3) (v.1)
g 1 below wm threshold.

1
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We still obtain ‘r\% inconsistent with other channels, and in ad-
dition the above parametrization does not have the correct threshold
behavior. This is an undesirable feature of onr.fit but cannot be
avoided. A likely explanation is that the f wave is being used to fit

non-r-exchange background in that region and is not the true wr

" f-wave amplitude. If the extrapolation for some reason (either back-

ground or absorption effects) givés values for the inoments above 900
MeV that are higher than the trué ﬁhysica’l moments, then the easiest
way to correct for that failure is to introduce a purely imaginary
f-wave amplitude, since such a term would give a positive contribu-
tion to all the moments. We must point out fhough that results ob-
tained for the p and s wave are little affected by this conaplicai:it:u'i'.z4
As long as we believe that the rapidly varying features in our data are
due to the behavior of these waves (s and p), while the other waves are
fairly smooth, the values obtained for s and p waves cannot change by
much regardless of how the other waves are parametrized. This in-
deed was observed for the different fits attempted. We therefore feel
confident that the general features of the I =0 s wave and I =1
p wave between 550 and 1450 MeV have been well determined by our
fit. 25

With the -parame'ters obtained from our fit we can compute the
phases and inelasticities. These are tabulated in Table VI and shown
in Figs. 441 and 12 for case 1 (see Table IV). We point out that the
given errors are computed by standard propagatibn of error and re-
flect only the statistical errors; they do not reflect the inherent un-
certainties in performing an extrapolation. They should be considered
only as an indication of the minimum error in our computed values.

How accurate our results really are can only be ascertained by

“a,
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comparison with results of an experiment at different energy with
comparable statistics.
For the p-wave phase shift ( 61) we obtain the well-known

Breit- Wigner shape (with 6) = 90° at 0.772 GeV, &, = 45° at 0.703

1
GeV, and 61 = 435° at 0.863 GeV); the inelasticity (1’]1) is close to unity
within errors, .although by 1.13 GeV it could be as small as 0.8. The
I1=0 d-.wave phase shift (6(2)) around 1 GeV is larger than we would
expect for the f; meson alone. This wave also seems to be quite in-
elastic (‘ng =~ 0.80 at 1.070 GeV). This result has to be viewed with
caution because it depends strongly on what is assumed for the f-wave
inelasticity, and non-mw-exchange background (or absorption) may have
a substantial effect on these waves. The effect of the I = 2 d wave

( 6;) is small; we can obtain a good fit by setting 5% = 0 throughout.
The f-wave phase shift is small and negative under the p and becomes
positive past the wm threshold. As indicated before, the obtained in-
elasticity is too small to be compatible with the data in the inelastic
channels; we believe that it is simply acting as a parametrization of
background (or a failure of the extrapolation). What bearing various
effects may have on our results will be discussed in more detail in
Sec. VII.

The most interesting results are the phase shift and inelastic-
ity of the I = 0 s wave. The phase rises from 45° at 550 MeV to 75°
at 740 MeV, then increases slowly until 950 MeV, crossing 90°
around 900 MeV. The phase below 850 MeV is in very good agree-
ment with the one favored by Morgan and Shalw28 (referred to as
"between-down'' solution). Above 900 MeV it increases rapidly,

reaching 180° close to the KK threshold. Past the KK threshold the

inelasticity reaches a minimum very rapidly (within 20 MeV), and
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then both phase and inelasticity vary rather slowly. This is in good
agreement with the conclqsions reached by a qualitative analysis of
our data in the physical region. 3 At this point we should remark that
the structure in the 7w data requires the maximum contribution of the
s wave to the KK cross section to occur within 30 MeV of the KK
threshold. This is consistent with our K+K— cross section
(lt’p A|< 0.1 GeVZ)' and the extrapolated cross section obtained by
Hyams et al.zg_ (in particular, the set 'to'' = bt and "to" = bt + th),
but is not éonsistent with the K°K® cross section of Beusch et al.
('n'-.p--> K°R°n at 4 and 6.2 GeV/c),30 which reaches the maximum at
1.07 GeV. Part of the discrepancy might be from the fact that the
Beusch et al. data are |t| <:0.5 GeV, from aifferences in background ‘
for K+K—.and K° I_(o,' and from the mass difference between Kt and K°.
This question deserves more careful s‘cudy.31
We can draw some interesting conclusions, using our param-
etrization of the s-wave amplitude. We find that the amplitude T has
two poles én the second Riemann sheet as a function of complex en-
ergy. One'(S*) is very close to KK threshold'at 980 £6 - (37 + 8).
The existence of a pole in this region was suggested from a K-matrix
fit to the KK cross section by Hoang. 32 The other pole (€) is quite -
far from the physical region, at 600£100 - i(250 £70). Strictly
speaking, we should say that there are four poles, since each one has
a corresponding complex conjugate pole. Additional poles are also
present; a more complete discussion is given in Appendix A. Note
that for both S* and € a conventional Breit-Wigner parametrization
will not be adequate: one is too close to KK threshold, the other is

too far from the real axis. We also computed the residues at both

‘poles, which are given in Table VII.

N\

3
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To check how dependent these results are on parametrization,
we redid the fits with a somewhat different one (case 2 in TableIII).

In this case we added barrier factors to the Z;é 0 .waves, i.e.:
N
(2) _ 240+1_.-1 n . ’ 2
6" =a7 "Dy {q) a g, (v.2)
n=0

where the Dg(q) functions are as defined in Sec. IV[Egs. (IV.9) and
(IV.10)]. For the M-matrix we took, instead of Eq. (IV.42),

M., = M
1]

+ M‘1 (E - E),
1] 1) 0

where E = ¢c.m. energy, E, = E at KK threshold. Tor MiZ we added
an extra term MiZ(E - E0)3. The best XZ with this parametrization
was essentially the same (153.6 as compared with 149.5 for 147 de-
grees of freedom). The phases and inelasticities changed within the
computed errors. We again obtain an S* pole on the second Riemann
sheet at 975+ 6 - i(39+8). But instead of the € pole this solution has
a pole on the IV sheet at 650 -1i 150 and another on the I sheet at
680 - i 300. In addition there is another pole on the II sheet at
387 + 140 and the behavior of the phase shi‘ft below 450 MeV is clearly
patholog;i’cal; it goes counterclockwise, being 180° at threshold in-
stead of 0° .k Both solutions are plotted from threshold to 1150 MeV
in Fig. 13. Clearly case 2 is not an acceptable solution. However,
it illustrates that one can obtain fits with almost identical phase shifts
in the 550- to 1150-MeV region and strikingly different behaviour out-
side the fitted region, and that accurate data below 550 MeV are in-
dispensable to determine whether a faraway pole like the € exists.
Using the same parametrization as case 1 but only four param-

eters for the s wave instead of seven, we were able to obtain a solu-

0

tion (case 3) for which 60

lies outside the computed error bars in the
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region 650 to 850 MeV. It can therefore be considere-d a different
solution quantitatively although the general variation of 58 with ww
mass is not very different. ' The other phase shifts have changed less
than one standard deviations. The XZ for this fit is 163.0 for 150 de-
grees of freedom, which is somewhat worse than case 1 (X2= 149.5
for 147 degrees of freedom) but cannot be ruled out. In Table VIII we

give 58 for this solution, and Fig. 14 contrasts it with 82 for case 1.

0
This solution is of interest because it does not have an € pole, and the
phase shift‘is. closer to the elastic down solution of Baton et al.14 be -

low 900 MeV. Even more than ca.se 2, this solution indicates clearly
that our data are not sufﬁciéntly accurate to determine whether a
broad € exists. The S° pole for this solution is at 980 - 140 on the
second sheet. The M-matrix parameters for cases 2 and 3 are given
in Table IX.

How unique is our solution? We believe that the general fea-
tures are unique: all the fits that we found with reasonable _XZ gave
very similar phase shifts and inelasticies in the fitted region. In par-
ticular, we feel that the evidence for the S pble is conclusive. '

An € pole may be needed to explain the s-wave phase shift below 900
MeV, but without more accurate data (especially below 600 MeV) it is
difficult to prove its existence. There is also some uncertainty con-
cerning the inelasticities of the higher waves. In order to fit the mo-
ments we need substantial inelasticity in the d and f waves, much less
in the p wave, although solutions with smaller n: than given by the
selected fit could be obtained. Without more detailed information on
the other channels one cannot choose among the various possibilities.
In addition the amount of inelasticity needed in these waves is incon-

sistent with the number of events observed in the 47 channels. A



-29-
possible explanation is that above 1 GeV the moments obtained by a
linear extrapolation tend to be systematically higher than the true phys-
ical moments, perhaps because of absorption effects (see Sec. VII-B).
Another possibility, although this seems less likely, is that thé ex-
trapolated wr cross section is much larger than the one observed in
TT+p - wn® A++ and the small inelasticities actually reflect very strong
couplings for the reaction Tr+‘"-—.> wn’. Because of this complication
and the lack of clear structure in the moments beyond 1150 MeV, we

don't feel that the extrapolated data are sufficiently sensitive to war-

rant extending the analysis beyond this point.
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VI. ENERGY-INDEPENDENT ANALYSIS

From the data and analysis presented in the previous sections
it is clear that up to about 930 MeV, 7w scattering is dominated by
only s and p waves. The small number of events in the 47 channels
(Figs. 3 and 4) also indicate that one can assume those waves to be
elastic up to 930 MeV, so an energy-independent analysis is relatively
simple and straightforward. It is of interest then to do a point-by-
point-analysis and see how well one can eliminate ambiguities without
imposing continuity.

In order t.o reduce the errol;s the mass bins used to extrapolate

Y(I)_, moments and o are two times larger for this analysis than

TOT
they are for the energy-dependent analysis (Fig. 10). Although a
linear extrapolation for the cross section seems to work well, the
need to include DP form factors makes the re suits somewhat model
dependent. On the other hand, (Y(;) and (Yg) have a smooth linear
dependence on t in the physical region, so the extrapolated values are.
likely to be more reliable. In addition, absorption-model calculations
by Williams33 indicate that for these moments linear extrapolation in
t should be adequate (within 10%). Therefore we will try to extract as

much information as possible, using only the moments, and will point

out explicitly when the cross-section information is used.

We define
2 2 4mx?
s~ = percentage of s wave = ’S‘ e
o (VI1.1)
2 2 4mx
p = percentage of p wave = ’P‘ et

where S and P are the s and p wave amplitudes respectively. Since

we assume only these waves are important we have
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<Y({)l> ='\f% sp cosa,

(¥p) =Nz p° (v1.2)

5w
s2 + p2 =1,
a = relative phase between s and p waves.

From above equations we can determine sz, pz, and @: The results
'are given in Table X.

‘Next we want to determine the phase shifts (I = 4 p wave, 61;
I1=0s wave, 68) for which we need the cross section. Clearly, since
“the p wave dominates we can obtain reasonable ‘\?alues for 61

1
the relation UPE p20' =127 kz sin 61, which determines 61 {modulo w/2,

by using

but the ambiguity in this case is trivial). We should note that if 61 is

éhanged by more than 1 standard deviation from the value obtained

with the cross section, usually no solutions can be found for 68.
We define now

1

55:61

+ . (VI1.3)

If the I = 2 s-wave phase shift (53) is 0° then 5s= 58. One obtains
then two values for 68, but note that this ambiguity is different from

the one obtained solving for:

o O _ 2 [T . :0 . 1 1 50
;{2—— (Y1> =3 - 51n60 su’US1 cos(51 50), (VI.4)
(assuming 58 =0)
t .
where the equation is also satisfied for 68 = -121 - (61 - 58). This is the

usual up-down ambiguity pointed out by Gutay et al., 34 which we will
discuss later on.

We now compute 62

0 from the two values of 55. It is trivial to

show that
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%— sin2 68 +% sin2 ég
tand = , ~(VI.5)
s 2 0580 5in 60 + 2 cos 82 sin 62 ’
3 0 S0 3 0 0
from which follows, after some algebra:
0 1 1 2
tan50 =[—2-tanﬁsi 'Ztan 55- B(1+B)} /(1+p), (V1.6)

where f = %(sinzﬁg -sinﬁg tan 65) and the sign should be chosen such

that tan 60 =tand® when 52
‘ 0 s 0

solution if ‘canzﬁs < 4 (1 +B); this indeed happens at some energies for

2
0

shifts as in Sec. IV. The effect of 6(2) is small, and even large errors

= 0. Note that Eq. (VI.6) may not have a
one of the two possible solutions. For &

we use the same phase

on 6(2) will change 5(0) by very little.

We define
2 _,.214..20.4 . 0 . ;2 0 g2y, 1 .22
0.=s 0'~4n'k. [9 sin 60+951n60 sm60 cos(60 60)+951n 60]. (VIL.7)
Clearly,
s2 =¢ [flc_+0). . (VI.8)
s’ Vs P » :

We now compute s2 and o from our phase shifts (58 and 6:),
and compare them to the ones obtained directly from the Y(Z) moment
énd the cross section. This will tell us if one solution can be favored
over the other and whether our extrapolated cross section is consis-
tent with the extrapolated moments. The fesults are tabulated in
Table XI. Excepting for the two points below 600 MeV,- it is quite
apparent that 6{16 of the two solutions at each energy is in very good
agreement with 52 anci p2 computed directly, while the other is not.
No solution can be obtained between 770 and 820 MeV; the Yo

1

moments are inconsistent with each other, giving either p2 >1 or

and YZO

cosa >1. We believe that the main reason is p - W interference, which
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we shall discuss in more detail in Sec. VII. It is clear that the ambi-

guity given by Eq.(VI.3) is easily resolved, at leastabove 600 MeV. Can

0

we resolve the usualup-down ambiguity? With our values for 61 and 60

0
0

new 58 phase shift. We couldtrytodistinguish betweenthe two by using the

we can compute 68'= /2 -8+ 61 and recompute ( YZ) and <Y(2)> with the
cross section, but this depends on how well we know our normaliza-
tion and on the reliability of using DP form factors. We will there-
fore limit ourselves to the moments. In Table XII we give how many
standard deviations <Y2) and (Yg) (computed from the phase shifts)
are from the extrapolated values, both for the energy-independent and
energy-dependent solutions. Clearly, between 700 and 880 MeV, one
cannot separate the two ambiguous solutions on a point-by-point basis
by using only the moments. Between 900 and 960 MeV the "up'' solu-
tion’ (58z 140°) is 3.7 standard deviations away from the extrapolated
moments; a value for 60

0

However, we must point out that because of the uncertainties in ex-

closer to 90° seems to be strongly favored.

trapolation procedures, the separation between the two solution should
be considered less significant than what the errors indicate.

With the energy-independent analysis we can reach the firm
conclusion that 58 is between 60° and 70° near 700 MeV, in agreement
with the unique results of Baton et al. 14 and Baillon et al. 21 The
structure in our data in the region between 950 and 1000 MeV indicates
without doubt that the s wave is varying rapidly in that region. In par-
‘ticular, the rapid drop in the cross section between 950 and 980 MeV
indicates that the s-wave amplitude must be large (i.e., 68 = 90°)
before 950 MeV. 3 It is this observation that permits us to obtain a

unique solution for .58. With our energy-dependent analysis we have

found a parametrization for the s wave that connects smoothly the
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unique values below 700 MeV with those above 950 MeV. Barring any
fine structure, it is unlikely that a continuous solution would go
through points corresponding to the '"up'' solution between 780 and 900
MeV. Noté from Fig. 411 that the ''up'' and ""down'' solutions are well
separated. For the '"'up' branch to join the observed value at 900 MeV,
58 would have to decrease by about 40° within 20 MeV. From the
Wigner condition of causality, 35 d8/dq>- R, this would imply a radius
of interaction of at least 15 fermi, which is unreasonable. The other
possibility is that the phase shift goes through 180° before 900 MeV,
implying that (Yci)) is zero somewhere in that region, which is cer-
tainly not the case within our resolution (5 MeV in the p region).. We
feel therefore that our energy-dependent solution for 68 gives the cor-
rect qualitative behavior of the s-wave amplitudes as a function of 7w
mass. The actual quantitative values may have systematic deviations
because of the effects non-m-exchange background and absorption have

on the extrapolation.
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VIi. SOURCES OF UNCERTAINTY IN THE EXTRAPOLATION
- TO THE n» POLE

A. Three-Body Resonances

Although in principle extrapolating to the m pole should elim-
inate the background contribution of 1T+1T_p and rirfr re sonances, in
practice significant three-body resonance production is likely to affect
the results because of finite statistics. In Figs. 15 and 16 we show

. the 1T+’n'-p and wintn mass distributions for all the events and with
various cuts in 7 " mass for the events used in the extrapolation.
When all the events are considered there are clear Ai’ AZ’ and A3
signals in the wtete systems, and also a strong N*(1680) signal in
T n p and some indications of lower-mass N's. But once events with
a A++ and ltpA|< 0.4 GeV2 are selected, the A2 and N*(1680) signals
disappear for all S masses up to 1.4 GeV. How much of the en-
hancements (especially at low mass) are due to three-body resonances
{or diffraction) and how much to reflections of the 1'r+'rr' system (or 11'+p
system) is probably impossible to ascertain without a detailed produc-
tion model. To establish such a model, data at many different inci-
dent beam momenta are required. However, there is no obvious
three-body resonance production that would contribute significantly
to non-m-exchange background. The most noticeable candidate for a
three-body resonance is in Fig. 16(d) around 1600 MeV, which could

at most contribute a 2% background.

B. Absorption Effects

Many years ago Gottfried and Jackson pointed out that initial
and final state interactions should modify the one-pion exchange

3
model. 6 Essentially, instead of the simple diagram in Fig. 417(a),
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one should consider the diagram of Fig. 17(b). Because the lower
partial waves of the initial 1r+p system (or final p N system} have
higher probability of contributing to other channels, these waves are
said to be absorbed. This is an alternative explanation to Dirr-Pilkuhn
form factors for the fact that the tpA

peaked in the forward direction than what one would expect from a

distribution is more sharply

naive one-pion exchange model. -

Williams has done model calculations which show how aBsorp—

3
tion may modify the simple linear extrapolations of Y(I)_, moments. 3
His calculations indicate that a linear extrapolation of the Y(i)’ Y(Z)' and

Y(3) moments may miss the true value at the 7 pole by 10% or less,
which is within our errors. However, the Yg moment has a rapid
turnover in the unphysical region, and a linear extrapolation is likely
to overestimate the value at the w pole by 25% or more. Although he
has not done the.calculation for the higher moments, the same kind of
effect is probably to be expected. We have therefore redone our fit
assuming that the <Y(I)_,> (L=4) are 30% smaller than those used in
Sec. VI. These corrections only affect the phase shifts above 900 MeW.
The XZ for this fit is 148.0 for 147 degrees of freedom. 1In Table XIII
we show the ﬁew phase shifts and in Table XIV the new M-matrix
parameters. We must emphasize that the corrections are quite un-
certain and model dependent. The main effect is to give more reason-
able d and f waves. In particular the f wave is much less inelastic,
although the inelasticity is still a bit too small to be consistent with
other channels. The s-wave phase shift is now somewhat larger above
1.0 GeV. The € pole is hardly affected, being at 604 - 1260 MeV

(I1 sheet), while the S* has become narrower, 986 - i28 MeV. Com-

puted errors are of the same size as previously quoted. See AppendixA,
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Table XV, for the effect of absorption corrections on the case 3 fit.

C. Effect of p-w Interference

As indicated in Sec. VI, the extrapolated cross section has a
dip and (Yg) a spike not predicted by our fit, in the region 760 to 800
MeV. In Fig. 18 we show the mass distribution and N (Yg) vs ww
mass for various t' cuts. We chose to plot N <Y(2)> in this case be-
cause it depends only on the p-wave amplitude (assuming higher waves
give a negligible contribution) and shows clearly that the effect near
the w mass is indeed a p-wave effect. It would be beyond the scope of
this article to discuss p-w interference in detail. One needs to deter-
mine first the production amplitude for the reaction 1T+p—>A++ w ata
given beam momentum and use that as an input to the reaction
-rr+p —>TI'+1T—A++ at the same momentum. That will be the subject of a
future article. We will:limit ourselves to discussing why the extrap-
olation to the m pole is unable to remove the effect.

Ratcliff et al. 37 have observed a striking effect in the reaction

T p— 7tn 0 at 15 GeV/c near the w mass for 0.1< ‘t‘ <0.3 GeVZ,

which is not visible for |t| <0.1 GeVZ. They also show that the w
must be produced mostly with m =+4. If this were the case for our
reaction no trace of p-w interference should be present in our extrap-
olated data. It is evident from Fig. 18 that in our case an effect is
noticeable only at small t', for ‘t' |<0.03 CreV2 and 0.03<‘t' t< 0.1
GeVZ, while it is not significant for 0.1 <|t' | <0.3GeV®. This indi-
cates that the w must be produced with significant amounts of m = 0
components in the reaction 'rr+p - w A++ at 7.1 GeV/c (especially at

small t), which is consistent with preliminary studies of that reac-

tion.
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In conclusion then, because p-w interference in our case
seems to be most significant at small t, the extrapolation to the m pole
tends to enhance the effect instead of removing it as one would nor-
mally expect. A possible explanation for the enhancement of the ei-
fect at low t being as rapid as anything produced by 7 exchange -and
we emphasize that this is only a speculation at this point—is that the
m =+1 and m =0 amplitudes interfere with nearly opposite signs, can-
celling each other when they are of comparable magnitude, but at
small t the m =+1 amplitudes vanish rapidly while the m =0 w ampli-

tude is still appreciable.
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VIII. CONCLUSIONS

A coupled channel analysis {m7 and KK) with a 2X2 M-matrix
has yielded fruitful results on the I =0 wm — 77 s-wave scattering am-
plitude. The very marked structure of our data puts sufficient con-
straints to eliminate the "up-down'' ambiguity, leaving the ''down"
solution as the only viable one between 550 and 950 MeV. There are
still quantitative uncertainties, in particular regarding how close to
90° the I =0 s-wave phase shift ( 58) may be in the p region, but the
possibility of a narrow € resonance is definitely ruled out by our
solutions. Searching for poles in the complex energy plane, we found
two of interest. One (S*) is very close to the KK threshold on the sec-
ond Riemann Sheet, at 980+7 - i (37%8). The other (€) is far from the
physical region, at 600%100 - i(250 £70) MeV on the second Riemann
Sheet. The S pole was present in all the fits we obtained with rea-
sonable XZ, and we feel the evidence for its existence is conclusive.
Whether one could find an € on the second sheet depended on param-
etrization, and it is clear that much more accurate data are neéded to
either rule it out or prove it exists. In addition the 4w cut, which we
neglect, might have to be taken into account. We feel our solutions
are qualitatively correct, but the actual quantitative values may have
systematic deviations because of uncertainties in the extrapolation.
The actual mass and width of the p resonance are probably affected by
p-w interference, while the d and f waves are likely to be modified
because of absorption corrections. Unfortunately, all these correc-
tions are model dependent and a solid, reliable production model is

needed before one can take them into account properly.
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APPENDIX A

With our M-matrix parametrization for the I =6 s wave, we
find in additic;n to the second sheet pole (980,35) a third sheet pole at
(960,.15) which can be said to be just as close to the physical region.
This pole is present in both case 1 and case 2 fits. More than one
pole in that region was also found in fits done to our previously pub-
lished unextrapolated data by Kato and Fujii38 with a quite different
parametrization.

When more than one channel is taken into account and one finds
a pole, one can expect by analytic continuation of the S matrix to find
additional poles (''shadow'' poles) on other unphysical sheets. 39 Is it
then possible to unambiguously assign one pole to an observed res-
onance ? Usually the ofher poles are far from the physical region and
only the nearest one can be said to be well determined from the data.
But when the pole is very close to a threshold, as is the case for the

S*, "shadow'' poles may be just as close and it is no longer clear
whether a single pole is sufficient to describe the observed phenom-
ena. In particular it becomes problematical what values for the mass
and width should be used for comparison with other members of an

SU3 multiplet. In our case the third sheet pole residues R,, and R'12

11
(see Table VII for definition) are half as big as for the second pole,

22
really needed we fitted the restricted region 935-1040 MeV with three

while R, is comparable. To determine whether the two poles are

parameters for the s wave (keeping all other waves fixed) and the re-
gion 935-1100 MeV with four parameters. Choosing different param-
eters each time, the striking feature was that we always found a sec-

ond sheet pole. Whether another pole was also present depended on
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the fit: there could be an additional nearby pole on either the third or
fourth sheet. The parameters for some of these fits are given in
Table XV, For all these fits the higher moments (L. >4) have a 30%
absorption correction. If this correction is not made, XZ tend to be
worse but the pole structure is not affected. We believe our data re-
quire a second sheet pole, but are clearly not sufficiently sensitive
to be able to tell whether nearby ''shadow'' poles are also present.

A more conclusive answer to this question will have to awa_it higher-
statistics data on the KK channel. The fact that we have much more
information in the wr channel may bias our results somewhat; since
the additional poles observed couple weakly to ww channel, establish-

ing their existence (or nonexistence) requires better KK data.

APPENDIX B

To facilitate any quantitative fits to our extrapolated data we
: 0 =
include here tables of our cross section and (YL) up to L = 6 be-

tween threshold and 1.4 GeV. (Tables XVI, XVII, XVII).
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Table I. Scanning and measuring efficiencies.
Event type No. of events Scanning efficiency Measuring efficiency
(%) (%)

2-prongs 415 600 93.9+0.5 (Note a)
4-prongs 421 650 98+ 1 95 =1
6-prongs 107 170 96.8+0.5 95 %1
Others® 70 200 952 ---

+ - 44+ b
TTA 32000 98 + 1 90 £1

+o- ++C
KK A 682 98 £1 90 £ 1

a’Mea.suring efficiency has not been determined yet for these events. v

b’I‘hese are the events used for extrapolation to the w pole

(toa < 0.4 Gev?).

CThese are events used for computing the aTn” > KK cross se ction.
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Parametrization of partial waves.

Partial wave

Parametrization

Number of
free parameters

I=0 s wave
I=1 pwavea

I=0d wave?

I=4f Wavea

I=2 s wave

I=2d wave

2 X2 M-matrix coupling mm and KK
channels

p resonance + background, both
be come inelastic at 900 MeV

f. resonance coupled to wm and KK
+ background which becomes
inelastic at 900 MeV

Elastic g resonance + background

which becomes inelastic at 900
MeV

5
0 _ 0 _ 2n
1’12 - 17 62 - q Z qu

7

a'Parau:netrizaﬂcion for this wave is similar to ong used by Roper,
Wright, and Feld to calculate 7N phase shifts. 1




Table III. Properties

of two different fits.>

Degrees 2 =
Case Description of freedom X S pole € pole
Background phase for £ #0 waves given by:
N
)/ 24+1 ) n
653) =q Z ar(l ) q
n=0
980 =6 600 =100
1 147 149.5 -i(37x8) -i(250 = 70)
. :
- Z M -matrix elements: II sheet II sheet
. 1
. 0 1 2 2
S = - -
_ Mij Mij + Mij(s .SO) + Mij(s sO)
i See text for complete description
~ Background phase for £# 0 waves given by:
: _ N
@ (£). 24+t -1 v F (&) n
. S 8=a™T D N ) alla
3 n=0
975+ 6 See text
STy 2 147 153.6 -i{39+8) See text
oy ~ M-matrix elements:
. 0 1, 2 3
s M..=M.+M.(E-E )+ M. . (E-E)) II sheet See text
: ij ij ij 0 1j 0
3 Otherwise same as case 1.
980 £ 7 No
3 Same as case 1 but only 4 parameters 150 163.0 - -i(40£38) € pole

for s wave

2In all 3 fits Eq. V.1 was used for n%.
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Table IV. Parameters obtained from fit (case 1). a

o . 1
M), =33 %22 M), =-0.45 20.33
1=0 Mgz = 2.66 +0.42 Miz =10.569+0.24 Miz = 0.0023+0.0007
S wave
0o 1 ;
M), = 0.03420.06 M, =-0.475%0.25
Eg) = 0.78 +0.004 GeV 1“;1) = 047 £0.01GeV = 1.1%0.9 Gev 1
1=1 ) 248 10.25 21 = _0.02240.064
p wave 0 _ 1
béi) =0.14243.0 b(11) =-0.215%0.7
Lo a?) =-0.1420.09 al?) = 0.07820.05 al?)-0.010+0.008
d wave b(()z) =18.1 4.8 b(iz) =_4.5 1.2
a(()3) =-0.01120.006 a(f) =0.00570.003 a(23)=-0.0007:!:0.0004
=1 . .
f wave bé3) = 2.45 £0.27 b(f) =-5.53 +1.83
I=2 a = -100 Gev™>
d wave (fixed)
e =-2.2% 1072 c =-4.17+10"% ¢, =1.48X10"%  ¢.=-2.49%10°°
0 1 2 3
I=2
s wave cy = 1.76X 1074 cg=-4.24X 10”0
(fixed)

dCorrelations between parameters are large; for any computation using these param-
eters the full error matrix should be used (Table V). Unless otherwise indicated,
units are in appropriate powers of p (T-mass). :
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Table V.

Normalized error matrix (Eij

(6x; 8x.)

)

N (ﬁxiz) (6xj2)

. R N N
M‘;i 1.00 -.85 1.00 -.99 .95 93 -.19 .06 -.04 .06 16 -.05 -.14 .43 -.12 -.04 .03 .04 .05 -.02 .40 -.09 .07 -.15%
M?z -.85 1.00 -.84 .87 .91¢ -81 -.06 _ g .07 -.05 -.08 .03 .16 -.47 47 -.02 .04 -.02 .02 -.05 -.04 .04 .04 -.00
M’“ i.00 -.84 1.00 4.00 95 92 -7 .07 -.04 .06 A6 -.05 -.44 .14 -42  -.05 .03 -.03 .05 -.02 .40 -.40 .07  -.15
M, 99 87 4.00 1.00 -.97 -.92 .7 .07 .05 -.05 -.45 .04 .45 -.45 .44 04 -03 .02 -.03 .04 -.09 .09 -.06 .13
Mizz .95 -.91 .95 -.97 1.00 .89 -.17 .07 -.06 .04 A1 -.01 -.47 47 .47 -.02 .04 01 -.04 .0t .06 -.05 .01 -.06
Mi, .93 -84 .92 -92 .89 1.00 -28 .05 -.04 .02 .05 -.02 -.09 09 -09 -05 .04 -.04 .02 -03 08 -08 .04 11
M3, -9 -.06 -47 47 -47 -28 1.00 .08 -.08 .03 -.03 -,07 -.07 .09 .41 .03 -.04 .05 -05 .05 .07 -.07 -.02 .06
s 06 -08 07 07 07 05 08 1.00 -98 75 41 _6 -26 .25 -.24 43 -45 33 .24 46 27 -.26 -30 .28
al’ _os 07 -04 05 -.06 _04 -.08 -98 1.00 -.64 .06 .52 .27 -27 .27 -1 A3 -39 .31 -4 -20 .49 .28 -.25
Q) .06 .05 .06 -.05 .04 0z .03 .75 -.64 1.00 .58 .86 -9 .47 45 .42 -44 .03 .03 44 .28 -28 -49 .49
) " 46 —08 46 -5 41 05 .03 .41 06 58  1.00 _34 -45 .44 -.07 06 -.07 -49 .20 .07 .28 -.28 -.09 .10
v .05 03 -.05 .04 -.01 .02 -.07 -.66 .52 -.56  -.38 100 -.01 .02 -.04 -47 A9 -.20 A1 -.20 -.44 .43 .41 -.39
a® 44 a6 -aa a5 a7 .09 -.07 -.26 .27 -.49 -.45 _01 1.00 -99 .98 -.46 .46 -.33 .33 -47 -.19 49 40 -4
a2 4y a7 a4 a5 47 g9 09 .25 ~27 AT 1 gz =99 1.00 -.99 A5 -6 37 -37 .16 49 A9 41 A7
A 42 47 a2 M4 47 o9 41 -24 .27 A5 .07 _04 .98 -.99 1.00 -44 5 -40 .41 -46 -48 49 .43 .20
a8 04 02 -05 - .04 -02 g5 .03 A3 -.11 A2 .06 .47 -6 45 -.44 1.00 4.00 42 -.44 .99 .08 -.07 -5 .13
s 03 04 .03 -.03 .01 04 -.04 -45 43 -44 -.07 .49 .16 _46 45 -1.00 1.00 -3 .41 -1.00 -.09 .08 .49  -.ih
bS” 204 -.02 -03 .02 .04 00 .05 .33 -39 .03 49 .20 -33 .37 -.40 42 -43 1.00 -.99 43 .07 -.07 -47 .29
o) 05 02 05 .03 -04 .02 -.05 -24 34 .03 20 41 .33 -37 .41 -4t A1 -99 4.00 -42 -.03 .03 .14 .28
o2 _o -05 02 .01 01 -03 .05 .46 -44 .44 .07 -.20 -AT .46 46 99 4.00 .43 -.42 1.00 .40 -.09 -.21 .18
b‘f’ 40 -.04 40 09 .06 .08 .07 27 -20 28 28 -44 -19 19 -48 .09 -.09 .07 .03 .10 4.00 .00 .27 .42
) 09 04 40 09 -05 -08 -07 -26 19 .28 -28 .43 .19 -49 .49 .07 .08 -.07 .03 -.09 .00 1.00 .26 -.f
b 07 04 07 -.06 .01 .04 -02 -30 28 -49 -09 .41 .40 -Af 43  -45 .49 -.17 .14 .‘.uv -27 26 1.00 -.90
b 45 -00 -45 43 -.06 41 .06 28 -25 49 40 -.39 -.44 47 -20 43 -46 29 .28 48 .42  -.41 -.90 4.00




Table VI. Phases and inelasticities (case 1).

.150

1997

Mass 0 0 1 1 0 0 1 1
(GeV) % Mo % 4 % M2 53 N3
0.55 44 +£2 . 9,4+0.7 0+0.5 0+0.1

0.625 57+3 19+0.8 0+0.5 -0.4+0.2

0.665 64 +4 301 0+0.5 -0.5%+0.2

0.690 68+4 39+1 0+0.5 -0.6+0.3

0.74 T71+4 48+ 1 0+0.5 -0.8+0.4

0.73 74+4 60 £1.5 0+0.5 -0.8+0.4

0.745 76+4 71+1.5 0+0.5 -0.9+0.4

0.755 T77+4 78 +1.6 0+0.5 -0.9+0.4

0.765 78+4 85+1.6 0+0.5 -0.9x0.4

0.775 79+4 92 1.6 0+0.5 -1.0+0.4

0.785 804 99 +1.5 0+0.5 -1.0+0.4

0.795 814 105+ 1.5 0+0.5 -1.0+0.4

0.810 82 +4 114+ 1.4 1+1 -1.1£0.5

0.83 84 +4 123 +1.2 1.5+0.9 - -41.1+0.5

0.85 86+3. 130+1.1 2.0+1 -1.1+0.5

0.87 88 +4 136 £1 2.7+1 -41.1+£0.5

0.89 91+4 1441 +0.8 3.5+1 -1.1£0.5

0.91 96+4 145 +£0.8 4,431 -1.0+0.5 0.96+0.02
0.935 107+5 149+0.9 0.99+0.04 5.8%1.2 0.99%0.01 -0.8%x0.5 0.85+£0.05
0.965 134 £ 5, 153+ 1 0.99+0.014 7.8%1.4 0.99+0.01 -0.5+0.6 0.78+0.05
1.0 189%9 0.62+0.08 156%+1.2 0.98+0.01 11+£2 0.95+0.03 0.1+0.8 0.74 +£0.05
1.04 202 +9 0.54+£0.04 458+1.6 0.96%0.03 16+£2.5 0.88+0.06 1.3+£0.7 0.72+0.05
1.075 202+8 0.58+0.04 458+2.5 0.94x0.05 22+4 0.85+0.08 2.3+0.8 0.72 £0.05
1.105 2028 0.63+£0.04 157+3.4 0.92+0.06 274 0.89 £0.06 3.1+4.1 0.74£0.06
1.135 2008 0.69x£0.04 155+4 0.92+0.06 32%5 0.96+0.04 3.9+ 1.8 0.76 £0.07
1 0.70+0.04 1536 0.92+0.07 367 - 0.96+0.04 4,5+2.0 0.78+0.1

—Zg—
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- Table VII. Pole parameters for case 1.

22

Poie pbsition a : "~ . Re sig.i.uesa _
(MeV) L (units of m mass) wm scattering length
| 9805 ’ 'R“,=>0.05_2,--.i0.062
-i(37%8) S ‘R.nzz 0.087+i 0,035
I sheet Ry, = o‘.oo;z+i'0‘._1.10
€
600 Ry, ~ -01.4'7 +1.0.38 0.27£0.18
i(25070) - . - ‘Riz"z 0.36+10.27 |
R, z -0;.28_}.-1_ 0.21

II sheet

‘ R .. 8<% L ‘
3Residues defined as R,. =———-Q— .T.,.(so), where, 8= 8 at pole
| R A ,T-—_kikj, e S

. position.




Table VIII. Phase shifts for case 3.

~54-

<

©C O O O O O O O O o o o o ©o

Ny

.55
625
665
.69
11
.73
.745
.755
765
775
.85
.795
.810
.83

"
47+3
54 +3
58+4
60 x4
62+4
64 +4
664
67+4
684
69+4
71+4
73+4
75+4
18 +4

Mpr 0
0.85 82 %5
0.87 87+5
0.89 935
0.91 1015
0.935 118+ 6
0.965 142 £ 7
1.0 181+9
1.04 198 %9
1.075 207+9
1.105 2129
1.435 216 +9
1.150 2189
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Table IX. M-matrix parameters for cases 2 and 3.

0 0 0 1 1 1 2

Case My, My, M, My My, M,, My,
2 20.295  2.75 -0.018 -0.68 3.41  -3.73  -0.241
3 2.67 2.94  0.204 0 0 _0.137 0




Table X. Energy-independent analysis

0 0 2 2
:<Y1>,<Y2>, o, p s S, Q.

Mass bin 0 0 2 2

(GeV) <Y,1 ) <Y2 N o p s o
0.50-0.60 0.4164+0.015 0.090%0.045 18.9+2.5 0.36+0.06 0.64+0.06 53+4
0.55-0.63 0.164+0.015 0.4417+£0.045 23.5+3.0 0.4620.06 0.54+0.06 54 +4
0.60-0.65 0.170+0.017 0.156+0.016 40.2+2.0 0.62%0.06 0.38+0.06 515
0.63-0.68 0,187+0.014 0.174+0.013 56.2%x2.3 0.69+0.05 0.30 £0.05 44 £ 5
0.65-0.70 0.495+0.013 0.181+0.012 64.2+2.5 0.72+0.05 0.28+0.05 40+ 6
0.68-0.72 0.191+0.013 0.492+0.012 78.9+3.0 0.76+0.05 0.24 £0.05 377
0.70-0.74 0.195%*0.041 0.197+0.010 104.2+3.3 0.78=+0.04 0.22+£0.04 347
0.72-0.75 0.202+0.012 0.204=+0.011 122 +4.0 -0.81+0.04 0.19+0.04 24 £13
0.74-0.76 0.188+0.044 0.204+0.012 1433+£5.0 0.81£0.05 0.49£0.05 32 +11
0.75-0.77 0.153+0.044 0.198+0.012 134+5.0 0.79+0.05 0.21+£0.05 49+ 6
0.77-0.79 0.4196+0.014 0.261+0.043 121 £5.0 No solution
0.79-0.83 0.485%+0.043 0.227+0.011 113 +4.0 No solution
0.82-0.86 0.486+0.013 0.204+0.042 75.2+2.8 0.81%+0.05 0.19£0.05 33+£140
0.84-0.88 0.180+0.015 0.209+0.044 58.9+2.4 0.83+0.06 0.47+£0.06 32 +14
0.86-0.90 0.165+0.016 0.204+0.015 49.5+2.3 0.80+0.06 0.20£0.06 43 +9
0.88-0.92 0.458+0.017 0.196+0.016 44.3+2.1 0.78+0.06 0.22£0.06 47+8
0.90-0.96 0.174+£0.015 0.171+£0.045 35.2+1.5 0.68+0.06 0.32+£0.06 48 £5

_99—
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Table XI. Energy-independent analysis: 611, (600)1, (600)2, Sy szz, osi, SZ.
1st solution 2nd solution
Mass bin 1 a 0 b 0 b
(GeV) 51 s2 s 60 sz Tg 60 s2 T

0.50-0.60 9.2+2.0 0.64+0.06 122 58+5 0.78+0.05 26+3 134<+5 0.77+0.05 224
0.55-0.63 13 %2 0.54+0.06 13+2 63+£6 0.69+£0.05 252 1366 0.62+0.06 18%+3
0.60-0.65 21+3 0.38+0.06 15+3 69+6 0.48+0.05 23+3 147+5 0.29£0.06 10+£3
0.63-0.68 29+3 0.34+£0.05 17%3 68+6 0.35+0.04 21+2 163+6 0.08+0.04 3x2
0.65-0.70 323 0.28+0.05 4173 67+6 0.30%£0.04 19+2 174+6 0.02 £0.02 1+1
0.68-0.72 40+4  0.24+0.05 19=4 72+8 0.24+0.02 19%*2 - - ---
0.72-0.75 62 +7 0.19+0.04 235 80+15 0.16+0.02 419+2 29+15 0.03+£0.03 3+£3
0.74-0.76 70+11 0.49£0.05 25«7 97+16 0.15+0.02 17=+3 28+16 0.03+0.03 3+2
0.75-0.77 72+42 0.24+0.05 297 444+14 0.14+0.04 175 - .- -
0.77-0.83 ——— -——- - -— --- .- - -—— -———
0.82-0.86 1265 0.19+0.05 14 +4 8611 0.20+0.02 15+3 158+41 0.06x0.04 4+3
0.84-0.88 1325 0.47+0.05 40+3 92 +15 0.23+0.03 15+2 165=%15 0.04+0.04 2%2
0.96-0.90 137+5  0.20+0.06 410+£3 85+10 0.26+0.03 44 +2 480+10 0+£0.014 0%2
0.88-0.92 1415 0.22+£0.06 9+3 84+9 0.29+0.02 43%1 --- - ---
0.90-0.96 146+4 0.32+0.06 112 886 0.34+£0.02 412=+1 - --- ---
a

s2 obtained from Eq. (VI. 2).

s2 obtained from Eqgs. (VI. 7) and (VI. 8).




Table XII. Comparison of experimental moments with those computed from ''up' and ""down'' solutions.

! .
Energy-independent solution 5° =n/2 - N 1

—89—

0 o t 61 Energy-dependent solution
1 0 0* 0* [P 0! 0? 0* =P 1 0 0® 0?
M-rm (GeV) 61 50 AYZ AYZ '\/x 50 AY‘l AYZ «/x 61 60 AY1 AYZ J):z
0.50-0.60 9.2%2 585 1.7 2.6 3.1 415 3.2 0.7 3.3 9.8+7 442 -41.9 1.4 2.4
0.55-0.62 12.9£2.3 634 0.82 2.6 2.7 40+5 -~5.1 -0.4 5.1 13.8+1.0 51+3 -2.4 1.4 2.6
0.60-0.65 21.4x2.6 685 -0.3 1.6 1.66 43+5 -3.8 -1.1 4.0 20.2+1.0 57+3 -1.8 1.5 2.3
0.63-0.68 28.8+x2.7 68+6 -0.4 0.74 0.8 506 -2.3 -1.0 2.5 27.4+£1.0 634 -0.79 '0.95 1.2
0.65-0.70 3243 67+6.4 -0.28 0.36 0.5 55+7 -1.4 -0.7 1.6 33.0+1.0 66+4 -0.05 0.47 0.18
0.68-0.72 40.5%£3.5 73+x8 -0.03 0.044 0.04 58+8 -1.02 -1.05 1.5 ©43.9+£1.0 704 -0.16 -6.54 C.56
0.70-0.74 54.3+£4.3 798 0.85 -0.72 1.1 628 0.03 -1.7 1.7 54.2+1.5 72.5+4 0.3 -1.2 1.3
0.72-0.75 626 80+12 1.15 -0.76 1.4 71+12 0.90 -1.08 1.4 64.8+1.5 74.5%4 1.0 -1.0 1.4
0.74-0.76 70.2+7 97+15 1.2 -0.85 1.5 63+16 0.67 -1.63 1.8 75.3+1.6 76.4x4 -0.03 -1.2 i.2
0.75-0.77 717 115+14 1.82 -1.68 2.48 46+15 1.13 -3.0 3.3 84.1+x1.6 77.3+4 -2.4 -1.8 3.0
0.82-0.86 12625 8610 -0.14 -0.09 0.2 130 10 -0.97 -0.92 1.3 126 +1.2 85+x4 0.39 0.10 0.4
0.84-0.88 132 %5 93+140 -1.4 1.09 1.8 129 +14 -2.3 0.13 2.3 133+1.4 87+4 0.09 1.1 1.1
0.86-0.90 1375 85+9 -0.86 0.87 1.2 142 £ 10 -2.33 -0.80 2.5 138 £1.0 89+4 -0.76 1.2 1.4
0.88-0.92 14415 849 -0.86 1.04 1.3 146+ 140 -2.7 -0.98 2.9 143+1.0 944 -1.1 1.6 1.9
0.90-0.96 145+ 4 88+6 -0.22 0.41 0.5 1476 -3.0 -2.2 3.7 449 +1.0 1045 --0.97 1.6 1.5
a, -0 _ . 0 0
Yy = (<.YL )calculated ~ ( YL >exp)/aexp'
b _ 0 0
L =1av)? v ax, 21V2
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Table XIII.

Phases and inelasticities after modifying higher moments.

0 0 1 1 0 0 1 1
Mass 9 Mo °1 M % "2 °3 n3
0.91 94 +4 145+ 8 3.5+1 -1+0.5 0.96+0.02
0.935 104 £5 150+ 9 0.99+0.04 4.6+1 -0.5+0.6 0.89+0.05
0.965 133+ 6 153 +1 0.99+0.04 6.0+1.2 0.99+0.04 -0.3+0.7 0.83+0.05
1.0 192 =+ 9 0.61+0.08 4155+1.2 0.97+0.014 8.8+1.4 0.96+0.03 0.1+0.8 0.80%0.05
1.04 - 2410 0.54+0.04 155=%1.6 0.93+£0.03 13 +2 0.90+0.06 1+£0.7 0.79+0.05
1.075 212 =8 0.59+0.,04 154 +£2.5 0.89x0.05 18+3 0.86+0.08 2+0.8 0.80+0.05
1.405 210+ 8 0.63+£0.04 152 +3.4 0.87+£0.06 23x4 0.87+0.06 3+1.4 0.81+0.06
1.135 2078 0.68+0.04 4150+4 0.86+0.06 28=%5 0.93+0.04 4+1.8 0.84+0.07
1.4150 2057 0.70 £0.04 1506 0.85x0.07 337 0.94 +0.04 4.5+2,0 0.88+0.40
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Table XIV. M-matrix parameters after modifying higher

moments.

MO = -3.03£2.2 MO = 2.68+0.45 MY, =0.028+0.4
11 ' 12 = % 22 = 0 '
MY = _0.44420.70 ML -o0.62220.67 MY = 0.6220.50
9 . . 1, = 0. . 1, =o. 50
MZ%. = 0.0023 £0.0007




Table XV. M-matrix elements and pole structure for various fits in
restricted mass intervals.?

Mass No. of
_interval 2 0 0 1 1 1 0 N
) (GeV) No'. of X Poles M,11 M'12 M1'1 M,12 M22 M22 variable
‘ points parameters
0.935-1.04 33 22.0 II 4.6 2.24 0 O 0 -0.188 3
. (967,40)
0.935-104 33 25.4 ,1V 1.1 2.6 0 0.2245 O 0.02 3
(960,39)(960,67) (fixed)
i
~ o 0.935-1.04 33 20.3 11 3.04 2.599 0 O -0.107  0.02 3
R (978,46) (fixed)
N 0.935-1.1 40 30.6 ILIV 0.64 2.37 0 0.242 0 -0.18 4
(960,34)(962.56)
0.935-1.1 40 22.0 II 2.62 2.354 0 0 -0.102 -0.109 4
(980,41)
- 0.55 -1.45 171  4131.5 11,1 2.45  2.65 0 0 -0.128  0.038 21
o (980,40)(730,390) . 4 for s wave

s .
5o r
ALY

2Al1 fits except number 6 keep the parameters of L #0 waves fixed at the values obtained for our case 1
fit.. : : ST :

4
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Extrapolated cross section and moments (L =1—L =2).

Table XVI.

Mass bin (GeV) T
0.28-0.49 6.5+2.3
0.45-0.55 15.8+2.6
0.50-0.60 18.9£2.5
0.60-0.65 40.3+2.8
0.65-0.68 60.7+3.1
0.68-0.70 62.2+3.9
0.70-0.72 94.0%4.5
0.72-0.74 113.5+4.9
0.74-0.75 132.8+ 7.3
0.75-0.76 132.3+7.4
0.76-0.77 128.3 7.5
0.77-0.78 108.2 £ 6.1
0.78-0.79 125.5+ 6.6
0.79-0.80 123.8+ 7.1
0.80-0.82 104.7+4.5
0.82-0.84 81.4+4.1
0.84-0.86 65.7+3.6
0.86-0.88 58.3+3.3
0.88-0.90 46.3+3.1
0.90-0.92 35.8+2.8
0.92-0.95 34.2+2.2
0.93-0.98 23.8+£2.0
0.98-1.02 13.6+1.3
1.02-1.06 14.3 £ 1.3
1.06-1.09 17.6+1.6
1.09-1.12 15.8%+ 1.6
1.12-1.15 19.0 £ 1.7
1.42-1.17 19.3+1.2
1.15-1.20 241.9+14.3
1.18-1.22 . 24.2+1.6
1.20-1.24 26.4+1.8
1.22-1.26 28.3+£1.9
1.24-1.28 30.4%2.0
1.26-1.30 34.2+2.0
1.28-1.33 29.4+1.8
1.30-1.35 22.7+14.7
1.33-1.37 17.2+1.8
1.35-1.40 16.4+1.6

(v,%

(,%)

[=i=i=iejelelololololoNololoNoNeoNoNoNoNoNeoNoNoNloloNoRoNololoRoRoloRe o Ro Re Ro)

.076%0.015
.149+0.016
.164 +0.015
.1470+0.017
.203+£0.017
.187+0.020
.199+£0.017
.191x0.015
.224+0.019
.452+£0.020
.153%£0.020
.207£0.021
.200+0.020
.171+0.020
.199+0.016
.189+0.018
.186+£0.020
.174+£0.024
.160+£0.022
.157+£0.026
.195+£0.022
.175+£0.024
.036+0.033
.029+0.034
.017+£0.040
.010 £0.041
.024+£0.,042
.035+0.03 -
.075+0.032
.092 £0.035
.084+£0.033
.077+£0.034
.084+£0.033
.067+0.035
.115+0.032
.156+0.037
169 +£0.047
.198 £0.048

0.076+0
0.041+0
0.090+0
0.156 0
0.167x0
0.202+0
0.189%0
0.203 %0
0.225+0
0.180 %0
0.2416%0
0.261%0
0.273 %0
234 0
234 +0
2070
212 +0
2040
1950
1990
1660
200 +£0
.325+0
2710
3050
2980
.326%0
267£0
265%0
.332 %0
314 %0
.353+0
.369x0
406£0
403 +0
4000
3850
.389.£0

[=NeloNoNoRoloNoloNololololoNoNloNoNoNoNoloNoRoRoNo)

.015
016
.015
016
.016
.018
.015
.013
017
.017
.017
.019
.018
.018
.014
.015
.018
.022
.021
.024
.021
.025
.026
.026
.031
.033
.035
.024
.025
.027
.026
.026
.025
.026
.023
027
.035
.034
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Table XVII. Extrapolated moments (L =3—1L =6).

Mass bin 0 0 0 0
Y Y Y Y
) (Y5) (Y4) (¥5) (Ye)

0.28-0.49 0.000+0.045 0.008+0.015 0.006+0.015 0.006+0,015
0.45-0.55 0.007+0.046 -0.043%+0,047 -0.002+0.0147 -0.005%0.016
0.50-0.60 -0.008+0.046 -0.038+0.046 -0.019%+0.016 -0.017+0.016
0.60-0.65 -0.009+0.047 -0.045+0.047 -0.014%0.017 -0.016+0.017
0.65-0.68 0.043+£0.047 -0.021+£0.047 0.0410+0.017 0.0041%+0.017
0.68-0.70 -0,002+0.042 0.018+0.020 0.009+0.02 0.020+0.020
0.70-0.72 0.031+0.047 -0.040+0.016 0.009+0,046 0.002+0.016
0.72-0.74 0.008+0.015 -0.004+0.045 0.040+0.015 0.003+0.015
0.74-0.75 0.0141+£0.020 -0.003+0.024 0.021+0.021 -0.007+0.021
0.75-0.76 -0.027+0.020 -0.021+0.021 -0.046+0.020 -0.028+0.020
0.76-0.77 -0.019+0.020 -0.005+0.020 0.000+£0.020 0.0147#£0.019
0.77-0.78 -0.013+0.020 0.036+0.022 0.010%0.022 0.022+0.022
0.78-0.79 0.015+0.,024 0.020+0.020 0.007+0.020 0.009%+0.020
0.79-0.80 0.009+0.022 0.020+0.022 -0.008+0.022 -0.006%+0.022
0.80-0.82 0.000+0.0416 -0.007+0.016 -0.005+0.047 0.009+0.017
0.82-0.84 0.028+0.018 0.002+0.017 0.014+0.047 -0.001+0.017
0.84-0.86 0.043%+0.021 0.0041%£0.02414 0.043£0.020 0.001%0.025
0.86-0.88 0.0144£0.025 0.004+0.025 -0.008%0.025 -0.011+0.025
0.88-0.90 -0.007%£0.025 0.024+0.024 0.030%x0.024 0.018+0,024
0.90~-0.92 0.027+0.027 0.0241+£0.026 0.010+0.026 0.001%*0.027
0.92-0.95 0.000%0.024 0.033+0.023 0.010%0023 0.031%£0.023
0.95-0.98 -0.040£0.026 0.065+0.026 0.038*0.026 0.006%+0.026
0.98-1.02 ‘-0.020+0.033 0.076+0.032 0.044+0.033 0.039+0.032
1.02-1.06 0.005+0.032 0.085+0.032 0.047+0.032 0.0148+0.032
1.06-1.09 0.017+0.037 0.092+0.036 0.044+0.037 0.036%0.,037
1.09-1.12 0.055+0.042 0.424+0.039 0.090£0.040 0.043+0.039
1.42-4.15 0.044 0,042 0.441+0.041 0.064+0.042 0.024+0.044
1.12-1.47 0.017+£0.030 0.400+£0.029 0.077+0.029 0.004+0.030
1.15-4.20 0.027+0.034 0.087+0.034 0.048+0.0341 0.003+0.030
1.18-1.22 0.056+0.036 0.152+0.034 0.079+0.036 -0.005+0.030
1.20-1.24 0.055+0.033 0.4109+0.031 0.084+0.032 -0.0941+0.031
1.22-1.26 0.1417+0.034 0.452+0.034 0.129+0.032 -0.054+0.032
1.24-1.28 0.144£0.034 0.198%x0.032 0.4163+0.034 0.019%£0.033
1.26-1.30 0.104+£0.036 0.193+£0.034 0,079+0.039 0.023£0.037
1.28-1.33 0.437+0.033 0.244+0.034 0.073+0.033 0.076+0,033
1.30-1.35 0.472+0.037 0.,247+0.035 0.4141+0.038 0.043+0.038
1.33-1.37 0.189+0.049 0.186+0.046 0.132+0.049 0.002+0.050
1.35-1.40 0.191+0.052 0.257+0.049 0.108+0.053 0.122+0.053




Table XVIII. KK cross section.
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Mass bin
(GeV)
0.988-1.02
1.02 -1.06
- 1.06 -1.10
1.10 -1.14
1.14 -1.418
1.18 -1.22
1.22 -1.26
1.26 -1.30
1.30 -41.34
1.36 -1.40

KK
{mb)

N DN AN NN NNDNW N W

.78::0.53
.90 +£0.40
.55 +0.47
.80 +0.40
.22 +0.37
.44 £0.39
.66 :0.41
.4 x0.52
.85 x:0.42
.85 +£0.42
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FIGURE CAPTIONS

Fig. 1. Mass distributions for 1r+1r—-rr+p events (reaction 1) in 20-MeV
bins. (a) 1T+p mass distribution, all events double counted; (b) 't
mass distribution, all vevents double counted; (c) Tr+17- mass distribution
with A" selected and ItpA]< 0.4 GeV%; (d) same as (c) but ltoal <0.1

G‘eV2 .

Fig. 2. Mass distribution for KK 'n'+p events (reaction 2) in 30 MeV
bins. (a) ‘ﬂ'+p mass distribution, all events; (b) K+K- mass distribution,

all events; (c) K'K™ mass distribution with At selected and It"pA|<0.'1

GeV2 .

Fig. 3. Mass distribution for 1'r+1r-1'r+'rr-1r+p events (reaction 3) in 20-
MeV bins. (a) 1r+p mass distribution, all events triple counted; (b)
+

o r nT®T mass distribution, all events triple counted; (c) rte e

mass distribution with AT selected and lt'.pAl<0-1 Gev?.

Fig. 4. Mass distribution for 1r+p rTrT MM (mis singv mass 22n°)
(reaction 4) in 20-MeV bins. (a) ‘rr+p mass distribution, all events double
counted; (b) 'n'+-rr— MM mass distribution, A++ selected and It,pAl <0.1

GeVZ; (c) 1r+1r_ MM mass distribution, all events double counted.

Fig. 5. Mass distribution for n+pK°(f<-°) (reaction 5) in 30-MeV bins.
(a) 1r+p mass distribution, all events; (b) KO(KO) mass distribution, all
events; (c) K° (Ko) mass distribution with A++ selection and It'pA!<0.1

GeVZ .

Fig. 6. Mass distribution for 'rr+p K°R® events (reaction 6) in 30-MeV
bins. (a) 1T+p mass distribution, all events; (b) K°K® mass distribu-

tion, ail events; .(c) K°R° n_d'ass distribution with A++ selected and

It'pA|<'0.1 GeVZ,
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Fig. 7. -t distribution for 0.76 <m__ < 0.78 GeV, for reaction

1r+p—> 2 A"t Curve corre sponds to a fit. with Diirr-Pilkuhn form

factors.

Fig. 8. Extrapolated <Y(‘)1> moments for 1r+p vertex. Curves corre-

spond to physical 1r+p scattering.

Fig. 9. Extrapolated (Yg) moments for 1r+p vertex. Curves corre-

- spond to physical 'rr+p scattering.

Fig. 10. Cross section (a) and (YE) [(b), (c), (d)] for extrapolated data
and lt'pAI <0.1 GeVZ. The curves on the extrapolated data and on the
KK cross section for |1:'pA | <0.1 CreV2 (a) are those corresponding to

the case 1 fit (see Sec. VI and Table V).

Fig. 11. Phases and inelasticities of I =0 s wave and I = 1 p wave.
The crosses are the points calculated from our data. The horizontal
bars of the crosses give size of bins used in the fit to the moments and
cross section. The vertical bars indicaté the calculated error at a
given mass. These errors are purely statistical and do not reflect
possible systematic effects intr‘oduced by extrapolation procedure. The
dots correspond to the elastic '""down'' and '"up' solutions of Baton,

Laurens, and Reignier. 26 The open éircles are the results of Baillon

et al. 217

Fig. 12. Phases and inelasticities of I = 0 d wave and I = 1 f wave.

Fig. 13. Case 1 (solid line) and case 2 (dashed line) solutions for 68

(see Sec. VI). The vertical lines indicate the limits of the fitted region.

| Fig. 14. The vertical lines give computed errors and horizontal lines
the mass bins for case 1 solution for 68. The solid line is case 3 solu-

tion (four parameters for the I =0 s wavé).
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Fig. 15. Mass distributions of TT+TT+TT_ events for reaction 'rr+p—>-rr+'rr_A++
and various et mass cuts, with ltpA|<0'4 GeVZ, except for Fig. 15a
which contains all the events.

Fig. 16. Mass distributions of 7-a"F event for reaction 1'r+p—>-rr_+-rr—A++

and various m'm" mass cuts; with ItpA| <0.4 GeV', except for Fig. 16a

which contains all the events.

Fig. 17. (a) One-pion exchange diagram.

(b) One-pion exchange diagram with absorption.

Fig. 18. atn mass distributions and N (Yg) in 10-MeV bins for

various t' cuts. The arrow indicates the w mass (783 MeV).
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Events / 10 MeV
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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