
I 

SLAC-Pm- 470 
JUIY 1968 
(mp) 

Compilation of n-p Data at 4 GeV/c: Backward Resonance 

Production and TTTT Scattering+ 

NOTRE DAME-PURDUE-SLAG Collaboration 

P. B. Johnson, J. A. Poirier, N. N. Biswas, N. M. Cason, 

T. H. Groves, V. P. Kenney, J. T. McGahan, and W. D, Shephard, 

Department of Physics, University of Notre Dame, Notre Dame, Indiana 

and 

L. J. Gutay, J. H. Campbell, R. L. Eisner, F. J. Loeffler, 

R. E. Peters, R. J. Sahni, and W. L. Yen 

. 

Department of Physics, Purdue University, Lafayette, Indiana 

and 

I. ‘Derado and 2. G. T. Guiragoeeia/n 

Stanford Linear Accelerator Center, Stanford University, Stanford, CIalifornia 

(Submitted to Physical Review) 

t Work supported in part by the Atomic Energy Commireion 

and the National Science Foundation. 

-l- 



-2- 

Abstract 

In n-p single-pion-production reactions near 4 GeVBc 

we observe several interesting features. Backward o” pro- 

duction is seen to occur with dfl’/du = 63k 21 pb/(GeV/c)2 at 

180’. Backward p- p roducti.on is less prominent. We see 

evidence for production at small u of N *O (plv- near 1700 MeV), 

A- (nr- at 1236 MeV) and possible evidence for other nrTT- 

structure at about 1800 MeV. The density-matrix elements 

for peripheral p” production are presented in the Jackson and 

in the helicity frames. The lr+n- elastic cross section is ob- 

tained by extrapolation of the data to the mass shell. The 

S-wave OTT phase shifts are calculated by two methods and 

compared with previous results. We find evidence in the 

dipion decay angular distribution for the lr%- decay mode of 

the S*( 1070). 
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1. INTRODUCTION 

The results presented here are obtained from a study of 

single pion production in n-p interactions at incident momenta of 

3. 65, 3. 90, 4.0, and 4. 16 GeV/c. 1 The weighted average inci- 

dent momentum is 4. 0 GeV/c. We have 7916 events of the type 

t - TT p+rn n (1) 

and 4978 events of the type 

n-p-Tr”lr p. 

The weighted total cross sections are 3. 12 f .05 mb for reaction 

(1) and 2. 10 f . 04 mb for reaction (2). Reactions (1) and (2) at 

these energies are dominated by peripheral p”, f”, and p- pro- 

duction. Isobar production has been observed to occur about 8% 

of the time in reaction ( 1) and 2070 in reaction (2). 1 

We examine the following three important characteristics 

of the above reactions: backward resonance production, p pro- 

duction and decay, and TTTT scattering. In section II we discuss 

u channel production of resonances. In section III p’and f” pro- 

duction and decay are discussed. The p-decay density-matrix 

elements are given in both the Jackson frame, in which the 

quantization axis is the incident TT- direction, and the helicity 

frame , in which the quantization axis is the p line of flight. In 

section IV we analyze the peripherally produced dipion events 
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in terms of TTT scattering. In discussing angular distributions 

8 
we will use the convention that 8 

ab 
refers to the angle between 

incoming particle a and outgoing particle b in the overall 

center -of -mass system and cab refers to the angle between in- 

coming particle a and outgoing particle b in the appropriate 

two -particle rest system. 

II. U-CHANNEL RESONANCE PRODUCTION 

Figure 1 shows the lr+lr- effective mass distributions for 

events in which the dipion system is produced in the backward 

hemisphere, i. e., cos 8* ~0. 
P” 

The shaded histogram is the 

subsample with cos 8 
rp 

< -0.6. We see a clear p” signal ’ 
P” 

above background for both selection criteria; in contrasf, we see 

no significant evidence for f” or any other structure for 

* 
COB 8 < -0.6. 

P” 
Using a smooth background for this mass spec- 

trum and correcting for losses in the tails of a Rreit-Wigner 

curve for the p” intensity, we estimate the p” production cross 

section to be 87 f 15pb for backward production (coa 8 
* 

< 0). 
Pn 

From the mass spectra shown in Fig. I., we estimate 

that about 50% of the events in the p” region are background; 

within statietics, this fraction is independent of coo 
* 

8 
P” 

in the 

interval -0. 35 co8 8 
* 

Pn 
c - 1.0. Thus, we have calculated ,the 

differential cross section for the backward region ueing the 

number of events in the p” region and the total cross section 
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of 87 pb as ,mentioned before. Figure 2 shows the center-of- 

0 mass p angular distribution. The differential cross section 

seems to rise in the backward direction although the hypothe- 

sis of constant cross section is consistent with the data (at the 

2070 confidence level). We estimate the po differential cross 

section near 180° to be 63* 21 pb/(GeV/c)‘. 

The production mechanism for p” in the backward di- 

rection is a topic of some interest. In Fig. 3 we have plotted 

the dipion decay angular distribution for three different pro- . 

due tion regions. In the forward region, cos 0&, > 0.6, the 

distribution in 8 Show6 the cos 2 6 contribution from 
Tr -ll - lT -?T - 

one -pion-exchange and a strong forward asymmetry. In 

* 
contrast the decay distribution6 for co8 9 ~0.6 show no 

P” 

asymmetry and are consistent with isotropy. If baryon ex- 

change contributes to backward production, the p is produced 

at the proton vertex; in this case the quantization axis becomes 

the incident proton direction. The resulting distributions in 

CO6 6 
PT - 

and 4 _ for CO6 e* 
P” 

< -0.6 are shown in Fig. 4. 
Pm 

Both of these distributions are consistent with isotropy. To 

examine effects on these distributions due to background 

present under the p peak, we have looked at the corresponding 

distributions for events on both sides of the p. The distribu- 

tions of Fig. 4(a) and 4(b) are not altered after subtraction of 
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these background distributions. These result6 are consistent 

with predictions for exchange of an unpolarized nucleon. 

In reactions (1) and (2)) if backward p production is inter- 

preted in terms of a Reggeized baryon-exchange model, the No, 

N 
Y’ 

and A trajectories can all contribute to po production 

whereas only A exchange can contribute to p- production. In 

Fig. 5 we show the TTOTT- effective mass distribution for events 

* 
with cos 8 < -0. 6. 

PP 
We estimate the p- signal to be 18* 5 

events; this corresponds to about l/4 the p” signal seen in the 

shaded distribution of Fig. 1. This suggests that A exchange 

is weaker than nucleon exchange for backward p production. 

When we look at the production angular distribution for the 

- 0 
TTn system in Fig. 6, we observe a sharp increase in the 

differential cross section at the last bin (co6 0* < -0.9,6) which 
PP 

6UggeSt6 A++ exchange. However, we are not able to asso - 

ciate this peaking with resonance production in the dipion 

system. 

Figure ?(a) bhows the neutron TT- effective mass 

rot 
spectrum for events which have co6 0,,*< -0.6 and which lie 

outside the p ’ band (0.70 to 0.85 GeV). We observe a strong 

A- 
1236 

signal and possible evidence for other structure at 1. 80 

and 1.96 GeV. Both of these latter enhancements are two- to 

three -standard deviation effects. The steeply rising 
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background in Fig. 7(a) comes from events in which the dipion 

system is peripherally produced. We can effectively suppress 

* 
this background by making cuts in cos 8 ; the shaded events 

P” 
in Fig. 7(a) are removed when cos 0 

* 
< 0.9. (The two enhance- 

P” 

ments remain significant even when we make the more stringent 

* 
Cut CO6 8 < 0. 8. ) In Fig. 

P” 
7(b) the corresponding spectrum is 

* 
shown for the middle region -0.6 < cos 8 

lT-lT 
$0.6. We note that 

the A- 
1236’ 

the 1.80, and 1. 96 GeV enhancement6 are not 

present. We suggest that these enhancements are‘not due to any 

known background effects and that they may be interpreted as 

I-spin 3/2 isobars. Studies of the decay distributions are not 

statistically significant. Phase-shift analyses’ have reported 

evidence for several new I = 3/2 isobars not previously seen, 

including a P 
31 

resonance at 1.934 and a D 
35 

at 1.954 GeV. 

However, there is no reported structure at 1.80 GeV in the 

phase -shift analyses. 

The other system for which nucleon exchange is allowed 

is the pv- combination. The pn”- effective mass is plotted in 

Fig. 8 for cos etmnD< -0.6. We observe a signal near 1.68 GeV 

where. several I = l/2 isobar6 have been reported. There is no 

evidence for a 1.80 or 1.96 GeV enhancement, but this is not 

unexpected since the Clebsch-Gordan coefficient is unfavorable 

for producing I = 312 systems. In contrast to the above, the 

backward nnt and pn” systems require doubly charged isobar 
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exchange in the u channel. The mass spectra for these systems, 

Figs. 9 and 10, show no interesting structure. Thus we conclude 

that within the limits of our statistics isobar production, like 

boson production, proceeds predominantly via nucleon exchange. 

III. ITT RESONANCES 

Figure 11 show6 the invariant mass spectrum for reaction 

(1) for all the data; the shaded histogram shows events with co6 

* 
e 

P” 
~0. 94, a cut which, for a dipion mass of 0.775 GeV, 

corresponds to I I t < 0.2 (GeV/c)2. The p” and f” resonances 

are prominent: about 40% of the events correspond to P 
0 

pro- 

duction and 14% to f” production. The solid curve in Fig. 11 is 

a fit to the data assuming two constant-width Breit-Wigner 

Shape6 for the P 
0 

and the f” plus phase space for the background. 

More detail6 of the fitting procedure and the values of the fitted 

parameter6 are diSCUSSed below. 

Figures 12(a) and 12(b) show two Dalitz plots for reaction 

(1); two plots are shown since the third two-particle effective 

mass for a point is dependent on the incident momentum. 

Figure 13 is a Chew-Low scatter plot of M(rr+r-) versus d -t/p 2 

for reaction (1) where P is the pion mass. There is a strong 

concentration of events near the minimum allowable momentum 

transfer. There is also some increase in the density of events 

near the maximum allowable momentum transfer; these event6 
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have been disc:ussed in section II. 

Figure 14 is a scatter plot of co6 8 
lr-lT - 

versus the ~T$T- 

invariant mass. The strong forward-backward asymmetry for 

the p 
0 

region is apparent; the distribution is rather symmetrical 

in the f” region but becomes quite sharply peaked near 

0 
cos 8 = t 1.0 for masses above the f . The cluster of events 

near co6 0 = 
lr-lr- 

f 1 at 1. 0 GeV will be discussed in section 

IV. 

Table I summarizes various maximum likelihood fits to 

the mass spectrum in Fig. 11. We have used various forms of 

the expected Breit-Wigner shapes:3 

BW=A$ F/((M-MO)’ t (~7/2)~) (3) 

and 

BW= AyF/((M’-M 2)2 +M2 r2) (4) 
0 

where A is the intensity, F is a function defined in Table I, MO 

is the resonance mass, and r is the full width at half maximum 

for the resonance. The overall fit function is 

dN/dM = PS (1.0 t BWp+ BWf) (5) 

where PS is three-body phase space. Fit errors are shown for 

fit number 4; the other fits have comparable errors. Note that 

the fraction of p” varies from 0. 340 to 0. 404 depending on.the 

function used. 
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If one takes the average (PO/total = 0. 377) the total PO 

production cross section at 4 GeV/c falls in the range 1.06 to 

1.26 mb based on the fits in Table I. Figure 15 shows the t- 

distribution for p” production scaled so that the total cross 

section is 1. 15 mb; the shape of the distribution is obtained 

from all events with effective dipion mass in the interval 0. 70- 

0.85 GeV. From the fits we estimate that this mass interval 

contains 18% non-rho background. 

In Fig. 16 we show a scatter plot of cos 8 - - versus Trll 

the Treiman-Yang angle together with the projections on the 

axes. The non-uniform distribution of events on this scatter 

plot has been fitted with a function parameterized by density 

matrix elements p which includes possible S- and P-wave 
mn 

interference effects. 4 The t-dependence of these matrix 

elements is presented in Figs. 17 and 18. 

Interest in the vector dominance model has focused 

attention to the density matrix eiements in the dipion helicity 

frame. We have evaluated the density-matrix elements in the 

helicity frame as a function of t; the results of the fits are 

shown in Figs. 19 and 20. 

IV. TFTT SCATTERING 

It has been observed previouslyl that p” production and 

decay can be fairly well explained for small values of 1 t 1 by 
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models based on one-pion-exchange, e. g., the absorption model 5 

(c.f. Figs. 17 and 18). We have also seen in Fig. 13 that reac - 

0 tion (1) is peripheral not only in the p and f” resonance bands 

but across the entire dipion mass spectrum. Similar observa- 

tions have been made in other experiments. 6 Thus there is 

considerable evidence suggesting that for small ItI the dipion 

decay angular distributions from reaction (1) contain information 

related to *‘r elastic scattering. The question of obtaining the 

S-wave ~TTT phase shifts from data on reactions (1) and (2) is a 

topic of current concern. 

Gutay et al. 7 -- observed that the t dependence of the dipion 

decay distribution was fitted rather well by an absorption model 

calculation which included S-wave amplitudes. Applying this 

model to data from’reaction (1) at 2. 7 GeV/c they obtained two 

sets of I = 0 S-wave phase shifts. The same model was applied 

to slightly more than half the data in the present collaboration 

and the results were in quite good agreement with those obtained 

previously. 4 
It should be pointed out that in the calculation of 

the TTTT S-wave phase shifts one encounters two types of ambigui- 

ties. An unavoidable ambiguity results from the invariance of 

the scattering amplitude (Cc e16 sin 6) under the transformation 

6 4 6 fnn. The second ambiguity,in analyses based on S- and 

P-wave interference, arises from the invariance of the 

interference term under the transformation 6, 0 -~/2- 
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7 
(6 

0 
O-bll). . Here 6 

J 
1 denotes the phase shift for isospin I and 

angular momentum J. 

In the present collaboration, we have calculated the iso- 

scalar S-wave TTTT phase shifts from the asymmetry parameter 

F-B 
g =FtB (6) 

where F is the number of events with cos 8 >OandBisthe lTlr 

number of events with cos 9 mr < O* When the dipion angular 

distribution was fitted to the form 

U(0, m, t) = a(m, t) t b(m, t) co6 8 t c(m, t) cos 
2 

8 (7) 

it was observed 4, 7 that the ratio b/c was effectively independent 

of t and a/c was strongly dependent on t. In terms of (7) the 

asymmetry is 

g= b/c 
213 t 2 a/c * 

In Fig. 21 we show g as a function of rnnfl for Itl<O. 2 (GeV/c)2. 

We have assumed b/c to be independent of t consistent with the 

results of Refs. 4 and 7. 

0 
The phase shifts 6 

0 
are obtained by solving the equations 

- 

1 
tan 6. = 

0 
sin 26, 

(9) 
1 

3g 
a(do f O 602) 

p booI do21 
-2 sin’ *oo 
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where 

a= l+k 

0 
+ 

sin’ 2 0 2 0 2 
6 t 4 cos (a -6 ) sin &j sin 6 

0 0 0 0 0 0 

27 sin2 6 1 
(10) 

1 J 

and 

(11) 

i 

cos bo2 
1 

p = 1-t 
-c?~ ) sin 602 

2 cos (6 O 
, 0 

-611) sin 6 O 
0 

The values of 6 1 used in (9) are from a relativistic calculation. 
8 

1 

The values of 6 2 were taken from Baton et al. 9 
0 -- The parameter k 

in (10) is the correction introduced by the t dependence of a/c and 

was varied between 1.0 and 0.25; these limits were suggested by. 
7 

the results cited above based on an absorption model. The de- 

pendence of the solution 6 o on k was treated as part of the 
0 

0 
uncertainty in 6 . 

0 

In Fig. 22 we show the calculated 6 o as a function of 
0 

M(n, TT) together with some results reported by other groups. The 

sets labeled I and II are related to each other by the interference 

term ambiguity. Set III is shifted by 180° from Set I. The results 

of Walker et al. 10 
-- were obtained by a method similar to that of 

Ref. 7 except that a constant correction factor was applied to the 

data to account for absorption effects. The set of do0 preferred 

by Walker et al. -- is seen to be in qualitative agreement with Set II. 

Malamud and Schlein 
11 

fitted the dipion-decay angular distribution 
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in the p helicity frame to obtain the S-wave phase shifts. We see 

that the set of 6 
o” p 

referred by Malamud and Schlein is in good 

agreement with Set I in Fig. 22. A recent determination of 6 o 
0 

at low M(n,n) from interference between Coulomb and strong inter- 

acti 
12 

on amplitudes is consistent with Sets I and III. 

It is of interest to apply the Bander, Shaw, and Fulco 

mod lel, 
13 

which includes one-pion-exchange with absorption in 

the initial and final states to our data for reaction (1). Figure 23 

shows the result of such an analysis based on scattering length, 

effective range, and resonance width parameters suggested by 

14 2 
Bander. The I = 2 S-wave phase shift 6 has been obtained 

0 

from Ref. 9. It is found that this evaluation of TUT phase shifts 

is primarily sensitive to variations in the value of the p meson 

0 
width. The S-wave I= 0 phase shift 6 solution thus obtained is 

0 

found to be in qualitative agreement with that of Set II of Fig. 22. 

In Fig. 24 we show the forward-backward T~TT asymmetry ratio 

for t 
min 

< ItI < 0. 06 (GeV/c)2 and for O.O6<(t/< 0. 2 (GeV/c)‘, 

together with the predictions of this phase-shift analysis. The 

agreement is found to be adequate. 

In principle, the em elastic cross section and phase shifts 

can be determined from a Chew-Low extrapolation. 15 Such a 

procedure has been used recently by Baton et al. to obtain the -- 

p- parameters and the I = 2 S-wave phase shift. 9 We have 

performed the extrapolation to obtain the tr%r- cross section; the 
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results are presented in Fig. 25. The cross section passes 

2 2 
through the limits 12n~ for P-wave and (80/9)srh for D-wave 

0 0 

scattering near 0.77 and 1.25 GeV as expected for the p and f 

resonances. Our statistics, however, do not permit an accurate 

determination of the S-wave phase shifts from such an extrapo- 

lation. 

t - Therr-rr and TTOTT decay angular distributions have been 

fitted to a Legendre polynomial expansion of the form 

3 
10 

1-F l/A0 b 1 C Aj (mna) P. (cos 6 ) . (12) ll?l ._ 
J- 1 J Trll 

The first four terms of these expansions are shown in Fig. 26 for 

reaction (1) and Fig. 27 for reaction (2). In almost all cases 

higher order terms were consistent with zero. For reaction (1) 

only events with It I< 0. 2 (GeV/c)2 were included in the fits; the 

cutoff for reaction (2) was (t 1 < 0. 4 (GeV/c)2. Notice that for 

the n’lr- data the Al/A0 term in Fig. 26 is large and positive 

throughout the p” region, goes through a maximum at about 

0.92 GeV, and falls off to a minimum close to zero near 1.07 GeV. 

In the TTOIT- final state the Al/A0 term is small and negative from 

0.5 to 0.8 GeV and increases rapidly with dipion energy above 

0.8 GeV. The energy dependence of AZ/A0 for the n+lr- final 

state shows a peak near 1.03 GeV. This structure (- three 

standard deviations) is not seen in the TT’W- data. This structure 
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in AZ/A near 1. 03 GeV is ;iisv visible in the scat.ter plot of 
0 

M(&r-) vs. dos 8 TrTi ’ as seen in Fig. 14. The peaking of A2/A c, 

together with an increasing Al /A for m b 1. 0 GcV is consis - 0 TrTT 

tent with constructive interfcrc>ncc between a rapidly increasing 

0 
d o and an increasing D-wave phase shift, 6 althotlgh we arc 

0 2 ’ 

not able to rule out the possibility that the effect is due to D or 

higher partial wa1.e~. This is compatible with the suggestion of 

16 
a resonance ‘near 1.05 GeV such as the S* reported in the KK 

system. 

A quantitative interpretation of the coefficients in Figs. 26 

and 27 should be approached with some caution. Near the p” mass 

A2/Ao has a maximum value of 1. 3 instead of 2.0 as expected for 

1-i 
pure P-wave scattering. This indicates the importance of 

absorption effects. Furthermore, in the same mass region 

AZ/A0 for TTOTT- is roughly a factor of two smaller than for nt, . 

This discrepancy seems to be due to vector exchange in p- pro- 
18 

duction which is significant near 4 GeV/c. It was pointed out 

above that an expansion of the angular distribution in powers of 

cos 0 , Eq. (7), proved particularly useful for phase shift 
iTlT 

calculations because the ratio b/c was found to be independent of 

t. The terms in expression (12) are found to be strongly t- 

dependent. In Fig. 28 we show the results of extrapolating the 

Legendre coefficients Al/A, and A2fAo to the pion pole. The 
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curves are least-squares fits to a quadratic form in t. Both 

coefficients are seen to depend strongly on t and the values at 

the pole have large errors associated with them. 

We suggest that it is highly desirable to extend S-wave 

T~TT phase-shift calculations to dipion masses greater than 

900 MeV. A phase-shift anaiysis offers the best rneans of 

0 settling questions about possible resonances between the p and 

fO. Also, it would help determine which of Sets I and II is the 

0 
correct set for 6 since Set I approaches 180° and Set II is 

0 
0 

near 90 at 900 MeV. 
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FIGURE CAPTIONS 

Fig. 1 The rtn- effective mass spectrum for events with 

* * 
cos 8 < -0.6 

P” 
< 0. 0 (full histogram), cos 0 

P” 

(shaded histogram). 

Fig. Z Number of events in the po band (0.70 - 0.85 GeV) 
d, 1. 

as a function of cos 0 , the cosine of the center of 
P” 

mas s scattering angle. 

Fig. 3 The TIDE- decay angular distribution in the p band 

(0.70 - 0. 85 GeV) for three intervals in the center 

Fig. 4 

Fig. 5 

Fig. 6 

of mass angle 8 
* 

P”’ 

Decay angular distributions for events in the po 

band (0.70 - 0.85 GeV) with cos O* < -0.6. 
P” 

The TTOTT- effective mass spectrum for events with ’ 

* 
CO6 0 -c-0.6. 

PP 

Number of events in the p- band (0.70 - 0.85 GeV) 

* 
as a function of cos 8 

PP’ 
the cosine of the center of 

mass scattering angle. 

Fig. 7 The nr- effective mass spectrum. All events for 

which the $lr- effective mas8 is in the p band 

(0. 70--0..85 GeV) have been excluded. (a) 

* 
CO8 0 < -0.6. The shaded events are those for 

-t lTll 
which cos 8 * 

P” 
> 0.9. (b) -0.6< COB e* < 0.0. 

-t lrlr 
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Fig. 8 

Fig. (1 

The prTT- effective mass spectrum for events with 

* 
cos 8 < -0.6. Ail events for which the ~OTT- 

- 0 lTTf 
effective mass is in the ,-, band (0.70-o. 85 GeV) 

have been excluded. 

The nrrC effective mass spectrum for events with 

:;: 
cos 0 < -0. 6. All events for which the ~T’T- 

r-m- 

effective mass is in the p band (0.70-o. 85 GeV) 

have been excluded. 

Fig. 10 The PTO effective mass spectrum for events with 

:k 
CO6 8 < -0. 6. All events for which the TTOIT’ 

Pn- 
effective mass is in the p band (0. 70-O. 85 GeV) 

have been excluded. 

Fig. 11 The ,‘n- effective mass spectrum. The shaded 
:k 

events are those with cos 8 20.94. The fitted 
P” 

curve is obtained assuming constant width reson- 

antes And phase space. 

Fig. 12 Dalitz plots for the reaction r-p--non-p. 

(a) nri- effective mass squared vs. rrth- effective 

mass squared. (b) n77- effective mass squared vs. 

f nrr effective mass squared. 
-1 

Fig. 13 Scatter plot of d -t/p 
2 

vs. the ~r$r- effective 

mass. 

Fig. 14 Scatter plot of cos 0 
T -iT 

_ vs. the JT’IT- effective 

11-l ;i s 58 . 
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0 
Fig. 15 dcJ-/dt for p p reduction normalized to a total p” 

cross section of 1. 15 mb. 

Fig. 16 Cos 8 _ _ vs. + for nf- effective mass in the 

P o banl(:. 75-O. 85 GeV) and 1 t 1 < 0. 2 (GeV/c)2. 

Fig. 17 The t dependctncc of the density-matrix elements 

for events in the p” band (0.70 - 0. 85 GeV). The 

curves are taken from an absorption model calcu- 

lation which includes S-P-wave interference 

(Ref. 4). 

Fig. 18 The t dependence of the S-P-wave interference 

density-matrix elements for events in the p ’ band 

(0.70 - 0.85 GeV). The curves are taken from 

Ref. 4. 

Fig. 19 The t dependence of the density-matrix elements 

in the p helicity frame for events in the p o band 

(0.70 - 0.85 GeV). 

Fig. 20 The t dependence of the S-P-wave interference 

density-matrix elements for events in the ,-,O band 

(0.70 - 0.85 GeV). 

Fig. 21 Forward backward asymmetry g as a function of 

t - TTr effective mass for I I t < 0.2 (GeV/c)2. 

Fig. 22 The I = 0, S-wave ~l~l phase shift as a function of 

the dipion effective mass. The various results 

are taken from the following references: 
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J. P. Baton and J. Heignier, Nuovo Cimento 36 , - 

1149 (1965); L. W. Jones, D. 0. Caldwell, 

B. Zacharov, D. Harting, E. Bleuler, W. C. 

Middlckoop, and B. Elsner, Phys. Letters 21 , 590 - 

(1966), and Refs. 4, 7, 10, 11, and 12 in the text. 

0 2 1 
Fig. 23 The6 96 ,d TITT phase shifts as functions of 

0 0 1 
0 

the dipion effective mass. 6 is calculated from 
0 

scattering length parameters suggested by Bander 

(see text). 6 o2 is taken from Ref. 9. 

Fig. 24 The forward-backward asymmetry as a function of 

l&l - effective mass for I I t < 3 p2 and for 3~ < 2 

2 \ t\< lop . The curves are calculated from the 

phase shifts in Fig. 23 and the model in Ref. 13. 

Fig. 25 The elastic IT’IT- cross section obtained from an 

extrapolation to the pole as a function of the t - IT TT 

effective mass. The curves are the unitary limits 

for spin 1 and spin 2 particles. 

Fig. 26 Legendre coefficients from fits to the ~r*lr- decay 

angular distributions for events with 

I I t ~0.2 (GeV/c)‘. 

Fig. 27 Legendre coefficients from fits to the non decay 

angular distribution for event6 with 

I I t < 0.4 (GeV/c)2. 
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Fig. 28 The t dependence of Al/A0 and AL/A0 in the ntv - 

decay angular distribution. 
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