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ABSTRACT

: ‘ . .- - -+
A sample of Vv 70,000 fitted events of the reaction M p > T T T p at

25 and 40.GeV/c has been obtained with the CERN-IHEP Boson Spectrometer

A partial-wave analysis shows' that:

i) A; and A; cannot be described by a Breit-Wigner amplitude;

ii) the A, can be well described by‘a Breit-Wigner amplitude;

iii) although Ay, A3, and A; have different properties, the energy depend-

ence of their production cross—section is similar.
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INTRODUCTION

‘ e~ s :
The reaction ™ p = T T T p has been measured at 25 and 40 GeV/c with

the CERN-THEP Boson Spectrometer at the Proton Accelerator at Serpukhov,
1,2)

We discussed in previous publications how the data were obtained and

analysedsy as well as the general features of the reaction analysed by the

. 3,4 : .
partial-wave method ™’ ). Here we present results about production and

decay of the three spin-parity (JP) states which dominate the 37 system

- ——

below 2 GeV:

+

the 1 state, known as the A, system,
+ .

the 2 state, known as the A; system,

the 2~ state, known as the Aj; system.

We emphasize the fact that most of the results shown below are based

on two samples of data at Piap = 25 and 40 GeV obtained by superposing

data from runs covering different t-intervals (see Table 1 of Ref. 1).
For the study of t-dependence we use instead the result of a single run-
at 25 GeV/c [|t] = 0.10-0.22 (GeV/c)?] and a single run at 40 GeV/c
Clt] = 0.04-0.33 (Gev/c)?].

o,
THE A; SYSTEM .

.

2.1 Mass, width, and differential cross—-section

We define the A, syétemfas the 17 stafé\which'decays via S-wave into
a p meson and a T meson (1+S in.our notation), and dominates the 37 system
below 1.4 GeV., Figures la, 1lb, and lc show the 37 mass dépendence of this
state for the data measured at 25 and 40 'GeV/c as well as for the combined
data., The mass of the object is roughly 1150 MeV, its width about 300 .MeV,
In trying to get more accurate values for width and mass of the A;, one
fiﬁdé@thatj§he slope of the differential:cross-section for A}gprqductipn:

[dc/dﬁ 3 ekp;(bt)] depends strongly on 37 mass. As we see from Table:l

'vana:ﬁig.~2'itfdecreases from v IZi(GeV/c)fzvto 7.5 (GeV/c)"%.bétween%“

1.0 and 1.4 GeV. As a result, the.mass and the width of the A, system

depend on the momentum transfer:interval selected and their unique deter-

_mination isithus impossible. In-Table 'l .we also list'the irntegrated cross= -

section for the reactibn

T p+ Alp
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obtained by extrapolating the exp (bt) dependence of the differential
cross—sectlon in the 37 mass intervals 1.0-1,2 GeV and 1.2-1.4 GeV,

2.2 Interference with other partial waves
and resonance interpretation

D

The A, interferes strongly with all other partial waves of the 3
system. The partial-wave method thus allows us to determine the mass
dependence of the relative phase between A, and the other partial waves,
The phase difference between the production amplitudes for two partial
waves a,b is given by the phase of the off-diagonal element of the 37 den-

1)

sity matrix "
¢ab = arg (pab) .

Lf partial wave a corresponds to a resonance, which can be described by a
Breit—Wigner amplitude (Bwa), and b does not, the phase is expected to bel
¢, = bo + arg (BW) ,

where ¢g.1s constant or a slowly varying function of My Frou Fig. 1

one sees that the intensities of the dominant background waves (0°s, 1+P,
ZTP) are slowly varyingwover the A; peak. We therefore expect that they
provide reference phases to measure the A; phase. If the A iQ\EMESU31
Breit-Wigner resonance we expect its phase to increase by 90° over one
full width, From Flg. 1 we find that none of:.the 1nterference phases
shows this behaviour. We thus conclude that the total 1 S state cannot
be desctibed by a simple Breit-Wigner amplitude.

It may be useful to comment on the limits that our resultsxplace on

. the productlon of a real, narrow A, -resonance:. (Al, JP = 1+, decay -to poﬂ_)
in addltlon to the broad. 1 (s » pm):- effect GAl) We quote three“crtde
upper 11m1ts (V957 confidence level) on the.cross-section ﬂ P Alp(A§
g pn ) at Piap = 25-40 GeV/c, obtalned from Fig. lc under different assump-

tions regardlng the production and decay of A?.

‘a) 5A¥ ‘decays by s-wave, A? and A1 are coherently produced: 0(@%—7;
+ p%1 ) £ 0.2 ub; '

B . . R
b) A§ decays by s-wave, A% and A} are incoherently produced: oAy >

» %) S 5 ub;

%':‘L\é*t

c) 'A§ aecays by-d:ﬁave: O(A§ -> Qpﬁ—) < 0.3 ub.
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.2.3 Polarization

With the partial-wave method we also determlne the polarization den-
sity matrix of the A; system in the Gottfried- Jackson system ). Table 2
shows the results for the 25 GeV/c and 40 GeV/c data in the mass bin
1,0-1.2 GeV. The element Ppoo dominates, being about‘0.95. The element
combination (py1 + pi1-1), which correspoends fo unnatural parity excﬁangel)
is compatible with zero.. The interference element between the M = 0 and
|M| = 1 components g1 1s real, and is compatible with.the maximum value
allowed by the positivity condition of the density matrix. This implies
that the A; is produced in a pure M = 0 state, in a system which can be
reached from the Gottfried-Jackson system by a rotation of the angle S
around the normal to the production plane. Figures 3a and 3b show how 8
depends on momentum transfer and 37 mass. The value of 6 is close to
10(£3)°, which indicates a small'bgtvsignificant deviation from t-channel

helicity conservation.

THE A, SYSTEM

; . + . . .
_ We define the A, as the 2 state, which decays via d-wave into QT
(2+D'in our petation) and peaks around 1,3 GeV with a full width of rough-
ly 100 MeV. We notice that it is the only state with different natural-

ityl) [P(—l)J] from the incident T meson, which is strongly produced in.

. - - -+ " : :
the reaction ™ p > ™ T T p. Figure 4a shows the mass dependence of the

+ . e . _ . . *%k . .
2°D state. A fit of a relativistic dfwave Breit-Wigner ) without back-

ground to the data, yields the values for mass and width of the Aj:

: =1 = + -
=135 %5 MV, T, = 115 x5 MeV.

The result of the fit is drawn as a solid line' in Fig. Aa. Figure 4b

L

shows ‘the dependence of the 1nterference phase between -the 2. D state and_-

the 1 S state “(and the l P state) on 3w mass. The solid line is. the var-

1at10n we expect from the ‘phase of a Brelt—WLgner amplltude for the Azu-‘

%x) As discussed in Ref. 1, we assume the same polarlzatlon for’ both
1*S(pn) and 1*P(em) waves.

*%) We use the parametrlzatlon. o

. m=* M, °* I'(m)

2 _ 2 N2 2 n2 i
[? - 3% + Mg T2 ]

vP(m)

s
e I S I TR
T T S S A
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'assumlng constant phases for the 1" waves. The rapid increase of 90°
over one full width of the A; peak is clearly seen in the data, and we

" thus conclude that the 2 D state resonates at the A, mass, i

In Fig. 5 we show the differential cross-section for the reaction

T p *+ Azp
ol
in the mass interval between 1.2-1.4 GeV. In the 40 GeV/c data which
cover the momentum transfer interval 0.04 to 0.33 (GeV/c)2 there is a

significant dip towards small ltl values. The parametrization

do bt
o = el e
describes the data well and we obtain the parameters listed in Table 3.

Integration over the full t-range gives the total cross—section O(Az).

Table 4 lists the density matrix elements for A production. The
combination pj; + P1-1, which is the ]M‘ = 1 state produced by natural
parity exchange, dominates and is close to one. All combinations which
can be produced ny unnatural parlty exchange are zero within the statis—
tical sensitivity of the data. For comparison we also quote the matrix
elements obtained from the noﬂ- decay mode at 40 GeV/c, where the A; sig-

5)

nal appears with very little background

4, THE A; REGION

In this paragraph we discuss the partial-wave analysis in the 3T mass
intervai 1.5-2.0 GeV, We.concentrate on the 40 GeV/c data, for which the
average acceptance of the magnetlc spectrometer is 0.7 in the Aj reglon
(see Flg. 1 of Ref 2). (The acceptance for our 25 GeV data is about 0. 3
only and the statistical sensitivity of: these, data is 1ower. . Ve note,
however, that they show. within errors the same features as the 40 GeV/C

data )

A dlfflculty of the partlal-wave ana1y51s of. the A3 reglon 1s that

the number of weak but sxgnlflcant partial waves is large; it is therefore

difficult to vary them all simultaneously. Our procedure is therefare tovb

ask the following specific questlons, and to see how stable the answers

are when different sets of partial waves are chosen: v A

.Y
N o
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1) which partial wave is responsible for the A; enhancement?
ii) is the A3 a resonance?
iii) what are its production parameters (cross—section, polarization)?

iv) are there candidates for further resonances in the interval
1.5-2.0 GeV?

Y

The data have been analysed using several different sets of partial
waves. The results shown in Fig., 6 were obtained using the two sets
listed in Table 5. In both sets we restrict the polarizations to states:

o ’ '

|a%0) for 3F =07, 17, ... and 178) + |01 ) for oF =17, 2%, L

The choice is based on the results obtained in Wy = 1.0-1.4 GeV in this
experiment and- in LB 1.5-1.8 GeV in bubble chamber data (Ref. &4).

Set I is the set used in Ref. 4, Set II includes systematically all par-
t1a1 waves with & = 0, 1 2, for em and pm decay and £ = 0,1 for £7 decay.
In addition, set II includes the part1a1 wave 3 o ~» fﬂ)

A comparison of the result of‘the fit (dypothesis I) with the data

is shown in Figs. 7 and 8. We find that the fit describes the data well.
in Figé. 6 we note the following features:

- The main’partialhnaves [i.e. 0 s{em), 1+S(pﬂ), 27 S(fm), 2 P(pm), 3+D(fﬂ)]
do not significantly depend on how many additional weaker states are ad-
mitted in the analysis. From this we conclude that Hypothesis I, using

10 waves only, is as suitable as the more complete set of 15 waves of ,
Hypothesxs 11 [the additional small contributidns: such as, for ‘example,

2 D(eﬂ), 1: P(pﬂ), 3 D(fﬂ), 1 P(fﬂ), etc., seem to take their events mostly
from 1°P (em) ]

- In the 1. 4 2,0 GeV reglon a clear enhancement is seen in the 2" S(fm)
wave at a mass.M = 1,65 % 0.03, GeV ‘with a width T = 0.30 % O. OS GeV., we
1dent1fy thls with the "A3" peak. observed near 1.7 GeV in the m1551ng-
‘mass spectrum and in the 37 effectlve-mass spectrum, since no other wave

shows a peak of comparable strength in this mass region.

- In order to clarlfy the resonance nature ‘of the A; enhancement, we. have

measured its phase Wlth respect to other partial waves in the same region.
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This is possiblé as the A; interferes strongly with all other partial
waves. We show in Fig., 9 the phases of Z—S(fﬁ) relative to other states,
The phases shown have been chosen because they appear to be reasonably
well measured, In all cases the relative phase appears to be, within
errors, indepéndent of 3w mass. We conclude that the A; amplitude does

not have the behaviour expected for a Rreit- ngner resonance.

As we have done for the A; we comment on the p0331b111ty that a real
narrow 2 resonance (A3) is produced at 25-40 GeV/c. We obtain the follow-

ing upper limits:

0(A§ > foﬂ-, by s-wave) £ 0.05 ub (1.4 ub) 1if A§ is coherent (incoherent)
with the broad 2 S(fT) enhancement.

R -
- g(As > o1 , by p-wave) S 1.4 ub.
The limits refer in all cases to the final state T only.

The polarization density matrix of the Aj *) (2 S wave) has been
determined by fitting the data in the 37 mass interval 1.5-1.8 GeV with
all the spin projectibns of the 2 S state, in additioh to Hypothesis I.
The matrlx elements obtained are shown in Table 6: pgg 1s largest, close
to 1; pi11 and plqi are stil’ measurable while p2 and pz-2 are compatible
with zero, in agleement with bubble chamber data at lower energies ). The
interference term pj;o has the components Re p1o = 0.18 £ 0.02, Im p1¢ =

= 0.01 * 0.03. | |

' The slope b.of the differential eross-section dog/dt of the Ag\(zfs,
= Q) has been determined by fitting the intensity of the 2°S state
(Hypotheéis I) of the data in the momentum transfer interval 0.04 <'|t| <

< 0.30 (GeV/c)? and in the mass interval 1.5 < o, < 1.8 GeV with the

1+

expression do/dt ~ exp (bt), as shown in Fig. 10. A value of b = 9.9

+ 1,2 (GeV/c)—z'was obtained. For all-the remaining events we find.b

6 4 £ 0.6 (GeV/c) in the same inteérval. It has been checked that the. L

slope is the same for 1.50-1. 65 GeV and.. 1. 65 1.80 GeV.

We measure a cross—section of 15.6 + 1.1 ‘ub for the reaction’

1Tp > Aap

L e .

*) AS discussed in Ref. 1, we assume the same polarization for bgﬁb
S fﬂ) and 27P(pm) waves., - - : .;iy
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in the intervals 1.5 < m3TT < 1,8 GeV éna 0.04‘< Itl < 0.30 (GeV/c)? at
40 GeV/c. When integrating the differential cross—section with the above
slope over éll values of t, we obtain a cross—section of 25.1 * 1,8 ub

with an estimated systematic error of #3,0 pb. At 25 GeV/c an integrated

cross—section of 36 * 11 pb was measured (see Fig. 14).

A POSSIBLE FURTHER RESONANCE

r

Concerning the question of further resonance effects in our data, we

: . . +
note the presence of a small enhancement in the partial wave 2 P(f7m) (see

Fig. 6). The enhancement has a mass of M~V 1.75 GeV and a width I' v 0.2 GeV

The relative phases (see Fig. 11) are not inconsistent with a resonance

interpretation ). We note, however, that this is a small effect [the
ratio 2+P(fﬂ) events/total events is 320/3700 events in the bin m3W‘=

= 1.7-1.8 GeV] and that -- due to insufficient statistics in this mass
region —-- we have not been able to include higher partial waves in our
analysis. We therefore feel that a definite resonance interpretation of

the effect requires additional data.

PRODUCTION OF A,, A, AND A,
7y ,
In this section we compare the results of this experiment with data

from lower energies. We first discuss the energy dependence of A;, A,

and Aj production.

We first note that the pblarization of the A; is fairly energy-

- 1ndependent., In the momentum transfer interval 0-0.4 (GeV/c)? an analysis

-production

of bubble chamber data at 5, 7, and 7 5 GeV/c yields a)’ for 'the most

51gn1f1cant density matrix elements in the Gottfried-Jackson system,

‘poo = 0.93 £ 0.02 , Re (po1) = -0.09 £ 0,02 ,

‘which are veﬁy blose to the values found at 25 and 40 GeV/c (Téﬁle 2).

Figure 12 shous a compilation of 1ntegrated cross-sections for A; .

**) from bubble chamber data between 5 and 25 GeV/c 'é), and

the data of this experiment at525;and-40,GngcL;‘,~;,x; R T PR

%) The partial-wave analysis of Fig. 11 has been done with the 2*P(£f7)
and the2*¥D(pm) treated as separate waves, i.e, they are not.assumed
to be fully coherent (as, for ewxample, in the analysis of Fig. 6)..

*%) The A; is deflned as the 1*S state in“the 37 mass interval 1.0-1. .2 GeV.

4’»
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s . n .
 Fitting the expression O = Pine to the data we find

n = -0.40 £ 0.06 .

In the case of the A, meson, the polarization density matrix changes

with beam momentum. Whereas the analysis of bubble-chamber data at 5, 7,

and 7.5 GeV/c 3b) yields, for the most significant density matrix elements
in the Gottfried-Jackson system, in the momentum transfer interval’ » %
0-0.4 (GeV/c)?, ' o

-

poo = 0.12 + 0.04 , pi1 + P1-1 = 0.78 £ 0.0573

the analysis of this experiment at 40 GeV/c yields (see also Table 4)

pgg = 0.01 £ 0,02 , p11 + P11 = 0.93 ¢ 0.04 .

3c) *)

In Fig. 13 we therefore show the energy dependence of the cross—section
for‘the'polarizatibn states which can be produced by natural and unnatural
parity exchange (in the high-energy limit) separately. Fitting the ex—

. n .
pression 0 < P to the data we find

]
0.

natural parity%exchange: ,n=-0.51 % 0.05 , X% = 8.4/NDF

B

_unnatural parity exchange: n=-2.0

I+

]
>~
.

0.3 , Xx* = 0.9/NDF

*%)

A comparison of the cross—sections for Aj; production with lower
energy data is shown in Fig. 14. When fitting the expression 0 = P,

+  for the. data above 11 GeV/c, we obtain.

~

n = -0.57 t'o;21_.

We obtain additional 1nformatlon on the A; and A; production from the

results about 1nterference between the A, and, A, mesons. . From Fig..l5a we o .
~-see that at 40 GeV/c the intensity of interference between Ay and Ay 1s
Jclose to the maximum value allowed by the p031t1v1ty condltlon of the. ...~ .

density matrlx, suggestlng the same dependence of both processeJ on the

A . *) The Az is always deflned as the 2+D state in the 3. mass 1nterva1
- : ‘ 1.2-1.4 GeV, : o

5 L #%) The A3 is defined as the 2°S state in the mass. interval 1,5-1.8 GeV.:
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- spin variables of the proton. As the differential cross—section of A;

production does not show any indication of a dip in the forward direction,

we guess that both A,

respect to,the proton

Figure 15b shows

at the mass of the A

‘.Regge-pole model this

and A, are produced by non-flip amplitudes with

spin.

the dependence of the relative phase of A; and Ay,
meson*), as a function of momeqtum Lranafer. In the

directly measures the difference in slope of the

two Regge trajectories exchanged Within the large errors the phase is

independent of momentum transfer.

CONCLUSTONS

The partial-wave analysis of the 37 system in the reaction T p *

+> ﬂfﬂ_ﬂ+p at 25 and 40 GeV/c has yielded the following results on the A1,

A, and Aj; systems:

1) the A, can be well descrlbed by a Breit-Wigner amplitude;

ii) A and A3 cannot be described by a Brelt- Wigner amplltude,

"ii1) the energy dependence of Ay, A2, and Aj; productlon are similar, and

0 5

approx1mate1y 11ke Pinc

" %) Defined as arg (Pab), where a2 =2%D1 and b = 1+SO; the 90°;ghése ofﬁ
the A, propagator has not been subtracted. . e




1)
2)

3)

4)

5)
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Table 1

e . . b |

. Slope of the differential cross—section (do/dt «,e t:) and

integrated cross-section for production of the 1 S state.
The systematic error is given in parentheses.

25 GeV/e 40 GeV/c
Aman_ ‘ b . o(Ay) b . o(Ay)
(GeVyé | [(Gev/e) ]|, (ub) [(Gev/c)™2] (ub)
1.0-1.2 | 12.17¢ 1.1 |92 £ 10 (210) | 11.9 = 1.1 |72 £ 5 (*7)
1.2-1.4] 8.0+ 1.0 {59+ & (x6)| 6.8 % 0.8 |52 %3 (26)

b




R

A polarization (gp =1

£

v,

‘Table 2

+

= 1.0-1.2 GeV)
v : ) .

Prap = 25 GeV/c Prab = 40 GeV/c
. 000 0.94 + 0.02 1 0.95 + 0.02
P11 - P1-1 0.06 + 0.02 0.05 * 0.02
1" : " : )
Natural parity exchange Re (p10) ~0.15 + 0.02 ~0.13 * 0.02
Inm (P1o) 0.01 * 0.03 0.00 * 0.03
"Unnatural parity exchange' ' P11 *+ P1-1 0.00 + 0.02 0.00 + 0.02

- ZT.-‘~
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Table 3

Slope of the differential cross-section (do/dt « |t| ebt
and integrated cross-section for production of the A2 (21D,
- 1,2-1.4 GeV). The systematic error is indicated in paren-
- theses. The momentum transfer interval at 25 GeV/e is too
_small to determine b .from the data. For the extrapolation
a value of 8.5 (GeV/c)~™? was used.

o(A2) , b
(ub) [(GeV/c)-ZJ
25 GeV/c 15 + 3(£2)
Hé: 40 GeV/c . 18 £ 2(£2) 8.6 £ 1.2

e . ' RS /
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Table 4
L ‘P 7
A, polarization (J = 2, W = 1.2-1,4 GeV)
" 1 <:.' h- ot ’ poﬁ—?}\ . po'ﬂ"— T]OT!_'
.. Natural parity exchange Piab = 25 GeV/c Piap = 40 GeV/c Piab = 40 GeV/c
. g' ) '
P11 .+ Pr1-1 0.90 # 0.04 0.93 * 0.04 0.97 * 0.06
‘Re (p21) 0.12 * 0.04 0.10 * 0.03 0.02 * 0.07
CIm (p,,) _ 0.01 *+ 0.12 -0.03 + 0.03 - ,
Trace . 0.96 + 0.04 0.99 + 0.04 1.00 * 0.07 | ' =
. I
"Unnatural parity exchange"
R " Trace. . i 0.04 * 0.04 0.01 + 0,04 0,00 £ 0.07

ML
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Table 5

Sets of partiai waves used in the anaiysis'
of the A; region (see Fig., 6)

Decay mode em - : pm fm
e ,» C|o7s 1'p 275 |1%s o 1P 27p 1'p 2'p 3'p|27s 1™ 2 3*P 3D
M o o oflo o o 0 o0 1 o010 o0 1 o0 1
Hypothésis I (~e-) X X X x X X X X X X
Hypothesis II (-o-) X X X | x X X X X X X X X X X X

Hypothesis I coincides with the choice of Ascoli et al, given in Ref. 4.

- Q1 -




Aj polarization (JP =-2—;

Table 6

m

3

= 1,5-1.8 GeV) (40 GeV/c data)

"Natural parity exchange"

Poo 0.88 = 0.04
P11 = P1-1 0.10 + 0.02
© P22 *+ P2-2 0.01 = 0.02
P20 -0.06 + 0.02 | +i (0.0l * 0,03)
P21 -0.02 * 0.01 +i (-0.01 % 0.03)
“Hrace 0.99 = 0.02
"Unnatural parity exchange"
Trace " 0.01 = 0.02




Figure captions

Fig. 1

Fig. 2

Fig. 3

. Fig, 4

Intensities of different partial waves and intérference

phases in the A; region for the reaction T prmT il p:

a) 25 GeV/c [combination‘of runs in the momentum transfer

intervals At = 0.10-0.30 (Gev/c)2 and 0.17-0.30 (GeV/c)%];

" 'b) 40 GeV/c data [At = 0.04-0.30, 0.10-0.30 and

0.17-0.30 (GeV/c)%];

c) 25 GeV/c and 40 GeV/c data combined.

Differential cross—section for the reaction T p > AIp at 25
and 40 GeV/c in the mass intervals 1.0-1.2 GeV and
1.2-1.4 GeV.

a) and b) Polarization of ‘the A system. The dependence of
the rotation angle 8, between the Gottfried-Jackson system

and the system where the A; is in a pure M = 0 state, is

" gshown as a function of momentum transfer t. Bc is the

angle between the direction of the incident particle and the

-dlrectlon opposite to the rec011 proton in the 37 centre—of-

.o

. Table 5 and the text. TFor completeness we have aiso included

. “the 1.0+1.4 mass region for hypothesis I.. - . . ... Gy hestee

mass system (crossing angle).

a) Intensity of the 2 D wave at 40 GeV/c versus 3T mass.
+ ] :
b) Interference phase of the 2 D wave with the lf waves. ..

versus 3T mass.

Differential cross-section for A, production at 25 and

40 GeV/c iﬁAthe 3T mass interval 1,2-1.4 Gev.

: Partlal wave ana1y51s of the "A reglon" for ‘the, reactlon

£l P~ T m p at’ 40 GeV/c.f For a detailed descrlptlon of

the different sets of part1a1 waves (hypotheses). used, see

g
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,Fig. 7

Fig. 8

‘Fig. 9

Fig. 10

Fig., 11

Fig, 12 3.

© 1.6~1.7 GeV.
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Comparison of the data measured at 40 GeV/c (histogram) with

the partial wave fit (smooth curve) in the 37 mass interval
:1.6—1.7 GeV:

a) m§+ﬁ_ (2 combinations per event);

2
-b){mﬂ_w_.

Comparison of the data measured at 40 GeV/c (histogram) with
the partiai wave fit (smooth curve) in the 37 mass interval

Distribution of the Euler—angles of the 3m

system measured from the Gottfried-Jackson axes:

" a) o azimuth of the ﬂ+;
b) cos B polar angle of the ﬂ+;

c) Y, angle between the decay plane and the plane formed by
T, and T '
in out

'Intensxty of the 2 S(frm) partial wave

and interference in
thg,A3 region, measured at 40 GeV/c. '

|t|rdependence of the A; (2°S wave, M = 0).

The slope para-
meter b =

9.9 * 1.2 was determined by a fit with exp (bt).
The upper points are for all remaining events in the samé
mass interval 1.50-1,80 GeV
b=6.41%0.6.

+ They have a slope of
The, data are taken at Pinc = 40 GeV/e.

The 2+P(fﬂ) partial wave in the-reéccion T p > n—ﬂ-ﬂ+p'at

40 GeV/c and 0.04 < [t]| < 0.33 (GeV/c)?:

a): intensity as a function of 3T mass;’

‘b) ‘the phase difference of 2 P(fﬂ) relatlve to 2 P(pﬂ),

1 P(pﬂ), and 1 S(on)

Energy dependence of the integrated A, .cross-section & (A7)
fog>the 37 mass interval 1.0-1.2 GeV.

The 'solid line'ié-a
. n
fit o(A;) <« Pin

. With n = -0,40 % 0.06.
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Energy dependence of the natural UN(Az) and unnatural OU(AZ)
parity exchange contributions to the A, cross—section in
the 37 mass interval 1.2-1.4 GeV. The solid lines are fits

o(Ay) « p?nc with ng = =0.51 # 0.05 and n; = =2.0 * 0.3,

Energy dependence of the integrated A; cross-section 0(Aj)
for the 37 mass interval 1,5-1.8 GeV. The solid line is a

fit o(A3) « p?nc with n = =57 + 0.21.

Interference between A; and A, at 40 GeV/c. .
a) Coherence between A; and A; versus momentum transfer.

b) Interference phase between A; and A, at the centré”of the

A; versus momentum transfer,
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