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In the reaction ~ p —+ 7I+7f n, we have measured the m.+ momentum spectrum at various angles, from
which the distributions (d'o/d3fdo)e of the v. n system have been deduced. These distributions are com-
pared with those obtained from a phenomenological model. This comparison allows a determination of
the amplitude of the inelastic waves. It is found that the resonant waves D» and F» are not strongly
coupled to the channel 6 (1238)+n.

I. INTRODVCTION

'HE study of the elastic reactions sr+p —+ sr+p has
shown that the partial waves D15, F&5 are reso-

nating around an incident pion kinetic energy of 870
MeV. ' These waves are strongly absorbed and give an
important contribution to the inelastic processes

~ p~~ ~+re

—+sr sr'p
—+ m0+0e.

section d'o./dMdQ (M=invariant mass of the sub-
system sr sv) in the over-all center-of-mass (c.m.)
system.

The calculation of d'o/dMdQ takes account of (a) the
interferences due to the simultaneous presence of the
three possible modes of associating the Anal-state
particles; (b) the interference due to the two possible
total isospin values in the initial state, I=-,' and I=—,;
and (c) the interference between the various partial
waves.

The channel z x+e has a cross section of T2 mb, to be
compared with a total inelastic cross section of 22 mb.
It is thus sufficiently prolific to show the effects of the
a~5 and F15 partial waves. In order to study the con-
tribution of resonances to the inelastic channels, one
has to decompose the transition amplitude for the
reactions into partial waves' and compare the results
of the calculations with the experimental angular dis-
tributions and mass spectra. In this way, one hopes to
determine the relative weights of the inelastic partial
waves for the chosen incident energy.

Deler and Valladas' have given a partial-wave ex-
pansion of the transition amplitude for a three-body
final-state reaction like 7r+E ~ 1+2+3.They assume
that the reaction takes place as a two-body process,
producing a resonance C*, which subsequently decays:

sr+/ —& 1+C*

2+3.

A. Apyaratus

The general layout of the experiment is shown in
Fig. 1. A& and A& are two spark chambers defining the
incident pion trajectory. The spark chambers 8& and
32 detect the secondary particle after scattering in the
target and determine its entrance angle in the magnet.
The spark chamber C determines its position and angle
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II. EXPERIMENTAL EQUIPMENT

The method consists in determining the momentum

p + and the angle () + with respect to the direction of
the incident pion. Knowing the incident pion momen-
tum, one computes the mass Mx to be associated with
the "particle" X in the reaction sr +p —+ sr++X. The
momentum p + is determined by the deviation of the
z+ trajectory in a known magnetic held.

In the case of the reaction sr p~ sr sr+I, the three
ways of associating the final-state particles, m. e, ~+e,
sr 7r+, allow the resonance C* to be the isobar A(1238),
or a m-x resonance with isospin and spin zero, with a
mass and a width to be determined.

YVe have measured the momentum spectrum of the
m+ at various angles and obtained the diGerential cross
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' P. Bareyre, C. Sricman, A. V. Stirling, and G. Villet, Phys.
Letters 18, 342 (1965).

~ j3, Peler and G. Qalladas, Quovo Cimento 45, $59 (1966).
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FrG, 1. The beam is defined with the scintillation counters T.
A, 3, and C are spark chambers, The Dq @nd Dg coun&|:rs are upend
to trigger the electronics,
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at the exit of the magnet. A scintillation counter system
selects the events for which the chambers are triggered.

The triggering conditions are the incident particle is
a pion, the particle has interacted in the target, and
the scattered particle has crossed the magnet.

Two orthogonal views are taken for each chamber.
A mirror system brings all the views on a single picture.
The stand supporting the magnet and the spark
chambers B~, B2, and C can rotate about the target.
Each position of this spectrometer covers an angular
region of 12' in the laboratory.

The incident pions are momentum analyzed and
focused on the hydrogen target by a double-focusing
beam transport system. The liquid-hydrogen target
has a diameter of 10 cm and a length of 34.8 cm.

B. Electronics

In order to avoid normalization errors, the incident
pions are counted only when the apparatus is able to
accept the events. After triggering the spark chambers
and the camera, an electronic gate stops the counting
during the dead time.

C. Syark Chambers

The chambers A~ and A2, of identical construction,
are placed 50 cm apart. The same is true for the
chambers B~ and B2.The electrodes consist of aluminum
foils of 0.3 mm thickness for the chamber A and 0.5 mm
for the chambers B and C.

D. Oytics and Photograyhs

The reconstruction of the trajectories in each
chamber is obtained by projecting the sparks onto two
orthogonal fiducial planes. These planes consist of
Plexiglas plates placed on the chambers. A Qash placed
at one end of the fiducial plate allows a picture of the
fiducial lattice to be taken. A typical picture is repro-
duced on Fig. 2. Since the alms are scanned by an auto-
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I io. 3. Projection of the sparks belonging to a track, together
with the 6ducial marks. The spark positions are measured with
respect to the beginning of a line.

matized device, the 6ducial grids have to be of a
special shape; straight lines are engraved to materialize
the middle of the gaps of the chambers. The sparks sit
astride these lines. One out of three gaps is not used to
get sparks but, instead, fiducial marks are engraved
every 5 cm on the corresponding straight lines. These
marks are used for the calibration of the optical aberra-
tions of the cameras and projection apparatus.

III. RESULTS

The four-body reaction being negligible, ' Eq. (l) rep-
resents the cross section of the m e system in the reac-
tion s.—p —+s.+s. N. The angular distribution is thus
given in the over-all c. m. system, with the following
definitions in (l): S, is the number of events of the
type s p —+ s++(s ri), such that the mass of (7r rr) is
equal to M&-,'DM, and the cosine of the emission angle
cose~ —',6 cose, where 0 is the angle between the incident
pion direction and the (rr e) direction in the over-all
c.m. system. S;,is the number of incident pions; S is
the Avogadro number; p is the density of liquid hy-
drogen; jt is the target length; AQ is the solid angle of
the magnet seen from the target, transformed to the
over-all c.m. system, for the events satisfying the selec-
tion criterion (¹ ).

The following three subsections will be concerned
with the determination of the number of events, the
calculation of the solid angle, and the measurement of
the corresponding number of incident pions.

The angular distribution of the missing-mass spec-
trum is given by the expression

d'a. mb E,
X X

dMdQ sr Mev X;„,%pl AMAQ

Fzo. 2. Sample picture showing the data box and the
fii(jucig, l marks followed by the Qying spot,

A. Determination of the Number of Events

The knowledge of the type of an event requires the
determination of the x+ momentum. The position of the
sparks on a photograph is obtained by means of an
automatic scanning apparatus. 4 In order to obtain the

~ J. P. Merio and G. Valladas, Proc. Roy. Soc. (London)
A289, 489 (1966).

4 M. Goldwasser, J. C. Michau, and J. Muilie, IEEE Trans,
Nuci. Sci. NS-12, 73 (1965).
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I'n. 4. ~+ detection e%ciency of the Cerenkov counter C2 as a function of the ~+ momentum.
This Cerenkov counter is used to distinguish m+ from protons.

coordinates of a spark, it is sufficient to measure its
distance from the beginning of the fiducial line (Fig. 3).
After the scanning of a photograph, all the information
is transferred onto a magnetic tape. The data are sub-
sequently processed using an IBM 7094. The analysis
program computes the direction of the incident pion,
the direction of the scattered particle, and its momen-
tum, using the known magnetic field in the spectrometer
magnet. It also requires the interaction point to be in
the target.

B. Solid-Angle Calculation

The solid angle AQ is calculated by a Monte Carlo
method. The incident particle direction is generated
with a probability law consistent with the experimental
distribution of the beam. The interaction point in the
target is chosen at random.

C. Measurement of the Number of Incident Pions

The number of incident pions is given by the count-
ing in the telescope TiCiT,T3 (Fig. 1).At the beginning
of the experiment, the beam contamination by muons
was measured by a gas Cerenkov counter placed at the

target position.
The experimental results are corrected for the fog'ow-

i'ng sects: (a) rescattering of the x+ in the target, ('b)
interaction of the n.+ in the air and the counters, (c) m+

decay in the analyzing magnet, (d) eKciency of the
measuring apparatus, and (e) eKciency of the Cerenkov
tt,'ounter C2.

Corrections (a), (b), and (c) are computed by a

Monte Carlo method. Correction (d) is due to the fact
that the scanning apparatus may miss a track if the
sparks are not sufficiently contrasted. A manual check
allows determining the number of m+ lost in this way.
On the average, the efficiency of the apparatus varies
between 97 and 100%%u~. As far as correction (e) is con-
cerned, we remark that the counter C2 is used to dis-
tinguish the m+ from protons. About 12% of the protons
coming from the reactions m p -+ m p and ~ p ~ m s'p
are counted in the Cerenkov counter C2. On the other
hand, the eSciency of this counter for counting the
m.+'s varies with the momentum of the pions. Figure 4
shows the eKciency of the counter C~ for the m+'s as a
function of the ~+ momentuni.

D. Experimental Results

The distributions (d2~/dMdQ)* are given in Table I.
(The asterisk indicates that the over-all c.m. system
is used. ) In addition to (d'0/d3IIdQ)* and its corre-
sponding statistical error, the cosine of the emission
angle of the particle X is also given. The first line of
this table gives, for each column, the average value of
the cosines of the corresponding column. The informa-
tion contained in Table I is given in a different way in
Table II. For each measured angle, the mass spectrum
(td'0/dNdo)* (Table I) i's integrated, . with respect to
the variable 3II (mass of the system 7r e) in mass bands
of 50 MeV. One thus obtains the angular distributions,
(do/dQ)rr* for seven values of M.

The values of M are taken in the middle of the in-.
terval (E): 1.125, 1.175, 1.225, , 1.425 GeV. These,
distributions can be considered as the angular dist;ribu-.



166 STU 0 Y OF REACTION m p —+x ~x ri 1349

TABLE I. Angle-mass distributions (&I'o'/&fMdQ) of the sr ss system in the over-all c.m. system. The average value of the cosines
of the emission angle of the ~ n system is given in the first line. Each entry contains the cosine of the emission angle 0 (

—
) of the

(sr ss} system and below it the differential cross section (dso/&fM&iQ)*.

Q(COSO (7r n))av Oo92 ~Oo04 0 78 +Oo04 Oo531 +Oo025 Oo 17 +Oo05 Oo 147 ~0o04 Oo4066 ~0o06 Oo59 +Oo025 0 752 +0 02 0 843 &Oo016
M«&) (MeV)Q

1125.5

1137.5

1162.5

1187.5

1212.5

1237.5

1262.5

1287.5

1312.5

1337.5

1362.5

1387.5

1412.5

1437.5

1462.5

1487.5

—0.89
0.30+Oo12

—0.89
0.86 &0.26

—0.90
1.45 +0.30

—0.90
2.10+0.42

—0.90
3.02 &0.33

-0.90
4.10+0.55

-0.915
3.60+0.49

-0.915
3.22 ~0.49

—0.92
3.46 ~0.56

—0.92
3.81+0.50

—0.94
3.31+0.42

—0.94
3.45 &0.58

—0.937
2.36~0.58

—0.937
2.59 &0.41

—0.945
2.17&0.64

-0.977
2.20 +1.36

-0.76
0.32 +0.08

—0.76
0.64 &0.18

—0.75
1.07 +0.20

—0.75
1.71+0.20

—0.76
3.34&0.36

-0.76
3.34+0.36

—0.78
3.73 &0.40

-0.78
3.42 &0.35

—0.765
2.76 &0.31

-0.765
3.50+0.43

—0.79
3.25 +0.37

—0.79
2.46 a0.29

—0.81
2.14&0.34

—0.81
2.24 &0.30

—0.83
1.78 W0.27

—0.82
1.41 &0.28

0.29

0.433

1.07

1.83

2.22

3.09

2.81

2.98

3.24

2.44

2.28

2.02

1.97

2.10

2.10

2.70

-0.50
~0.11
—0.50
+0.09
-0.53
+0.21
—0.53
+0.21
—0.51
~0.26
-0.51
+0.30
-0.52
&0.30
—0.52
&0.30
—0.555
~0.30
—0.555
+0,25
—0.555
&0.25
—0.555
&0.36
—0.55
~0.26
—0.55
&0.30
-0.55
&0.37
-0.53
+0.70

—0.175
0.21 ~0.13

—0.175
0.29 &0.09

—0.16
0.85 ~0.20

—0.16
0.91+0.18

—0.14
1.46 &0.26

-0.14
2.01~0.29

—0,18
2.29 ~0.32

-0.18
2.10~0.32

—0.20
1.33~0.24

—0.20
1.39&0.24

—0.205
1.46 +0.26

—0.205
1.46 ~0.26

-0.194
1.48 +0.26

-0.194
1.21 ~0.25

—0.125
1.50 +0.50

—0.10
1.03 &0.51

0.14
0.21 +0.08

0.14
0.55 &0.14

0.13
1.26 +0.26

0.13
2.06 +0.40

0.13
2.06~0.40

0.13
3.07 +0.40

0.125
2.58 &0.32

0.125
1,94 &0.32

0.15
2.01&0.31

0.15
1,79 &0.34

0.15
1.89~0.34

0.15
1.07 ~0,31

0.175
2.11+0.53

0.175
1.52 ~0.37

0.205
0.28 ~0.12

0.34

0.385
0.37 %0o15

0.38S
0.63 ~0.16

0.405
1.94 +0.56

0.405
2.18~0.35

0.385
3.20 &0.41

0.385
4.07 +0.52

0.40
4.61 %0.54

0.40
2.83 ~0.43

0.40
2.22 ~0.43

0.405
2.22 &0.43

0.41
2.70 +0.49

0.41
2.78 %0.49

0.42
2.29 +0.41

0.42
2.79 &0.51

0.48
2.49 &0.40

0.51

0.57
0.33 &Oo14

0.57
1.23 +0.35

0.57
1.35 +0.31

0.57
2.73 +0.43

0.565
3.87 +0.56

0.565
4.92 +0.56

0.585
4.01+0.73

0.585
3.42 +0.44

0.575
3.48 +0.42

0.575
3.21 +0.42

0.60
2.60 +0.44

0.60
2.60+0.44

0.615
3.0 &0.44

0.615
2.56 +1

0.66
1.34~0.43

0.735
0.83+0.32

0.735
1.25 +0.50

0.75
1.26 +0.66

0.75
2.57 +0.46

0.745
4.19~1

0.745
4.36+0.60

0.75
4.68+0.60

0.75
2.86 +0.52

0.75
2.06 +0.44

0.75
2.74 +0.64

0.76
2.60 +0.50

0.76
3.36+1.60

0.775
3.36 &1.21

0.775
2.55 &0.78

0.835
0.49 &0.25

0.835
0.95 +0.47

0.850
1.25 +0.44

0.850
1.88 +0.52

0.847
2.75 +0.50

0.847
3.6S +0.64

0.845
2.34 &0.93

0.845
2.86 &0.60

0.833
3.36&1.9

0.833
2.24 +0.43

0.84
2.06 +0.63

0.84
2.06 ~0.63

0.867
1.88 &0.72

0.867

TABLE II. Angular distributions (&fo'/dQ)E r in the over-all c.m. system, for the mass value M&
—

) of the (sr se) system indicated
in the first column. These angular distributions have been obtained by integrating the distributions (d'0/dMdQ)* of Table I. The
average value of the cosine of the emission angle 8 ~

—
i is also given in each entry.

M(» rsi (MeV)

1125

1175

1225

1275

1325

1375

1425

—0.89
0.029 &0.007

—0.90
0.089 ~0.01

-0.90
0.18 ~0.07

-0.915
0.17 ~0.01

-0.92
0.182 ~0.01

—0.94
0.171&0.01

—0.937
0.124 +0.01

—0.76
0.024 &0.004

-0.75
0.07 &0.005

-0.76
0.167&0.02

-0.78
0.179&0.01

-0.765
0.16 &0.01

—0.79
0.149&0.01

—0.81
0.110+0.01

—0.50
0.018+0.003

-0.53
0.073 ~s0.007

—0.51
0.133&0.01

-0.52
0.145 &0.01

-0.535
0.142 &0.009

—O.SSS
0.109+0.009

—0.55
0.103+0.008

-0.175
0.013~0.003

-0.16
0.044 +0.007

-0.14
0.087 +0.01

-0.18
0.110&0.01

-0.20
0,068 ~0.008

-0.205
0.073 &0.009

—0.194
0.067 +0.09

0.14
0.019&0.004

0.13
0.083 +0.01

0.13
0.128+0.01

0.125
0.113+0.01

0.15
0.095 &0.01

0.15
0.074 ~0.01

0.175
0.091+0.01

0.385
0.025 +0.004

0.405
0.103+0.01

0.385
0.182 +0.01

0.4
0.186+0.01

0.405
0.111+0.01

0.41
0.137+0.01

0.42
0.127+0.01

0.5 7

0.039 &0.007
0.57

0.102 +0.01
0.565

0.22 +0.01
0.585

0.186+0.01
0.575

0.167+0.01
0.560

0.13 +0.01
0.615

0.139+0.01

0.735
0.052 +0.01

0.75
0.096 &0.01

0.745
0.214+0.02

0.75
0.189+0.02

0.75
0.12 +0.02

0.76
0.152 +0.03

0.775
0.152 +0.03

0.835
0.036&0.01

0.85
0.078 &0.01

0.847
0.160&0.04

0.845
0.13 &0.02

0.833
0.14 &0.05

0.840
0.103+0.02

0.867
0.094+0.02

TABLE III. CoeKcients AL, rc of the expansion in Legendre polynomials P&Js—&) (cos&)
&

—
)) of the angular distributions of Table II.

F=y'/number of degrees of freedom; A&& is the coefBcient corresponding to the zero-order polynomial.

M& )(MeV)—
ii25 E= 1
1175 E=2
1225 E=3
1275 E=4
1325 E=5
1375 E=6
1425 E=7

A) (mb/sr}

0.0266+0.002
0.0739+0.007
0.1489+0.007
0.1437&0.007
0.1163&0.oi2
0.1070&0.006
0.1009+0.006

As/A&

0.498+0.09
0.138+0.125
0.107~0.10—0.054+0.059—0.243+0.15—0.131~0.083
0.044a0.06

Ae/A&

0.794+0.119
0.026+0.194
0.226+0.13
0.105&0.085
0.299+0.22
0.364&0.12
0.164+0.09

A4/A,

0~0.1—0.561+0.21—0.51 &0.146—0.377&0.092—0.47 &0.23—0.460~0.14—0.430+0.1

Ae/A&

0+0.15—0.432+0.23—0,565&0.147—0.544+0.1—0.62 ~0.24—0.400~0.14—0.508&0,11

Ae/As

0~0.3
0+0.36
0+0.09
0~0.15
0~0.35
0~0.18
0~0.15

0.32
1.6
0.16
0.57
1.S
0.86
0.50
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(2) (3)

P

Fxo. 5. The scattering amplitude is the sum of three partial
amplitudes illustrated on diagrams 1, 2, and 3.

tions of the two-body reaction

where the Inass 3f of X takes on the values indicated
above.

Each box of Table II gives (da/dQ)rr* and its statis-
tical error, and the average value of the emission angle
8*of X.

The angular distributions of Table II are expanded
in terms of Legendre polynomials Pr„t (cosg*). The
coefficients Al, ,~ of the expansion

as well as the quantity F (F=X /dsegrees of freedom),
are given in Table III.

The total cross section, as deduced from our measure-
ment of the reactions

7r P~s. s.+e
~ s. s-+e+ms' (m=1, 2, 3)
~ vr-s-+n+m(s. +s.-) (m = 1, 2)

is equal to 11.1+0.6 mb.

IV. THE MODEL

The model assumed by Deler and Valladas' and by
Namyslowski et al. ' is an extension of the model pro-
posed by Lindenbaum and Sternheimer. ' As was men-
tioned in the Introduction, they assume that the reac-
tion takes place as a two-body reaction. Because there
are three possible three-body final states, (1), (2), and

(3), the amplitude describing the reaction can be
written as the sum of three partial amplitudes sche-
matized in Fig. 5.

One assumes that each diagram (i) can be written in
the form of a product of two factors, where the 6rst
factor represents the production amplitude and the
second represents the decay of the resonance considered.

angular momentum of the incident wave, L' is the rela-
tive orbital angular momentum of the pion x~ and the
subsystem x2E, l is the relative orbital angular momen-
tum of the pion, mrs and the neutron (l= 1 in the present
case), and L" is the relative orbital angular momentum
of the neutron and the subsystem x&-x2.

An inelastic partial wave is defined by the sets
(L,L',I,J) or (L,L",I,J), where J is the total angular
momentum and I is the total isospin.

For a given J, to each L' corresponds a single L".
Therefore, we shall label by a unique symbol S the
partial waves having an isobar and those having a 0.

meson in their respective intermediate states. The ex-
pansion is limited to the partial waves SD31, PP33,
DD35, PP11, DS13, DD13, DD15, and IiP15, which
correspond to the more absorbed partial waves, accord-
ing to the partial-wave analysis of the elastic scattering.
In this notation, the first letter corresponds to the
orbital angular momentum of the initial state, the
second letter corresponds to the orbital angular momen-
tum L' in the 6nal state, the first number is equal to
2I, and the second number is equal to 2J.

The inelastic partial wave PF33 is neglected in favor
of PP33 by considering the eBect of the centrifugal
barrier, and the wave IiP15 is excluded by our experi-
rnental results (see Table III), which show that the
coeKcients 3~6 are compatible with zero.

B. Transition Amylitude

Let T,(N) be the amplitude of the inelastic partial
wave S where the subscript i refers to one of the three
subsystems. One has

T,(N) 0- T;(W,W;)f,(N),

where the proportionality constant depends only on X,

T, (W, W;) =((W;—W;,)+jl',) ',

Rb, V

where 8';„is the mass and I'; is the width of the reso-
nance associated with the subsystem i; j'= —1; 8' is
the total energy in the over-all c.m. system; l, is the
relative orbital angu1. ar momentum of the particles of
subsystem i; 0;* is the angle between the direction of
either of the two particles of subsystem i and the direc-
tion of motion of subsystem i in the over-all c.m.

A. Partial-Wave Exyansion of the
Transition Amylitude

The angular-momentum states of the reaction are
defined as in Fig. 6, where L is the relative orbital

' J. M. Namyslowski, M. S. K. Razmi, and R. G. Roberts,
Phys. Rev. 157, 1328 (1967).'R. M. Sternheimer and S. J. Lindenbautn, Phys. Rev. 123,
333 (1961).

Fro. 6. DefInition of the
angular momentum states.
I.is the angular orbital mo-
mentum of the incident
wave; I' is the relative
orbital momentum betweens| and the (s2-S) system;
l is the relative orbital mo-
mentum between mg and E.
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TAsLE IV. Values of the coe%cien&s X($), where 1II is the where the coefficients Ar x (Table III) are determined

by a least-squares method.inelastic partial wave index, obtained with and without m-m.

Partial
waves

X(N) without
m.~ interaction (B=0) X(N) with B=—0.58 C. Comparison Method

PP33
SD31
DD35
PP11
DS13
DD13
DD15
FP15

( —0.3
( 0.3
( —0.3
( —0.6
( —O.2

{ 04
( OO8

( 0.03

&0.03) +z (0.08 ~0.02)
~0.03) +i (0.94 ~0.13)
&0.03) —i (0.40~0.06)
+0.06) +i (0.3 ~0.05)
%0.02) +i (0.08 &0.02)
+0.05) +i(0.3 ~0.05)
~0.01) —i(0.1 ~0.02)
~0.03) +i(0.2 ~0.03)

( —o.3 a0.04)
( —0.94 +0.10)
( 0.6 &0.06)
( —0.2 +0.04)
( o.o ~0.04)
{—0.4 &0.04)
( 0.4 &0.05)
( —o.6 ~0.06)

—Z(0.2 ~0.04)
yi(0.3 ~0.04)
—s(0.4 ao.04)
—z{0.3 ~0.03)
—z (0.2 ~0.04)
—z(0.8 ~0.09)
+i{0.14&0.05)
—z(0.04a0.04)

The aim of this experiment is to determine the value
of the complex coeKcients X(N), which are the relative
weights of the partial ~aves E contributing to the reac-
tion. These coefFicients are obtained by comparing the
calculated angular distributions (do/dQ)* to the corre-
sponding measured distributions.

A least-squares method is used for this comparison.
The function X.' is defined by

system. This angle is measured in the rest frame of sub-
system i 0, P. are the polar angles of the incident pion
direction in the reference system $g of Ref. 2.

The transition amplitude is given by

r =+st X(N)(A (N) LTr(N)+ Ts(N))+B(N) Ts(N)),

where the summation is over the partial waves, and
A(N) and B(N) are the relative contributions of the
isobar and the dipion, respectively, in the partial wave
N; iA(N)i'+ iB(N)i'=1.

X(N) is a complex number representing the relative
weight of the wave E. In order to limit the number of
parameters needed in our calculations, we shall assume
that, for the partial waves of total isospin I=—'„the
coeScients A(N) and B(N) are real and independent
of N. For the partial waves of total isospin I=—'„B(N)
must be equal to zero.

The differential cross section (d~/dQ)rc* then takes the
following form for K=1, 2 7:

(do
(computed)=g g ReLX(N)Xt(R)]

Idn rc LI N, R

XCi,x'(W, N,R)Fi, (co»- -*)-

A z„rr Cr„x'—(X(N),A iB)x'= P
LIK ~AL, K

when AAz, ,K= experimental error on AL,~.
The coeKcients A and 8 are treated as Q.xed param-

eters, whereas the X(N) are chosen by the program
MrNzUN in order to minimize the X.'.

The quantity Ii, defined by

F=x'/M,

where M is the number of degrees of freedom, is a
measure of the goodness of a solution.

Neglecting the s.-s. interaction (B=0), the smallest
value of Ii obtained is 1.7.

The value of F can be lowered by taking account of a
x-m interaction. To do this, we have tried several values
for the coeKcients A and B (B&0) and the smallest
value of F obtained was 1.18, corresponding to A =0.81
and 8= —0.58. Figure 7 shows the measured spectra
as a function of the (s. I) system mass (Table I), as
well as the calculated spectra (broken lines), at various
angles where one assumes a s.-s interaction (F= 1.18).
Table IV gives the coeflicients X(N) obtained with and
without z-x interaction.

where S and R label the inelastic partial waves. The
coeKcients Cr, ,rr'(W, N, R) are computed and do not
contain any undetermined parameters except for the
coefIicients A and B.Setting

V. DISCUSSION

From Table IV, we notice that the coefhcients of the
waves DD15 and IiI'15 are small. This indicates that
the D15 and F1~ resonances are not strongly coupled
to the channel 6(1238)+n-. Furthermore, since F is
fairly high (F= 1.7) if one considers only this channel
to describe the experimental results, one can suppose
that these resonances also decay in one or several
different channels.

The fit to the experimental angular distributions is
improved by considering a m-m interaction. In this com-
putation, the m-~ resonance has a spin J=0 and an iso-
spin I=O. The mass of this resonance is chosen to be
M=480 MeV, together with a width I' of 150 MeV.
This resonance could. be identi6ed, with great caution,
with the conjectured 0 resonance, but one could equally
well explain the data with a large x-~ scattering length.

Cr, ,x(W, Wr) = Q Re(X(N)Xt(R))CI.,rr'(W, N,R),

the differential cross section (do/dQ)x* becomes

A similar expression is used to represent the experi-
mental results;

(do'
(experimental) =P A r,,rrFz, , (cos -„*),

ada rc

(der) *
(computed) =P Cr, ,rr(W, Wr)Pr, , (cos8 *). —

kdoi rc II
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In order to connect the coeKcient X($) (in the case
BWO) to the absorption coeKcients (1—toNs)«s of the
incoming waves, it is necessary to know also the coefli-
cients X(E) connected with the reactions n- P —& sr Psro

and sr p ~ srosroN. Thus, only when measurements in
these channels become available will it be possible to

determine the absorption coef5cients by the study of the

inelastic channels.
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The differential production cross section d o/dQdP has been measured for pions, kaons, and antiprotons
produced in 12.5-GeV/c proton-proton collisions. In this experiment we studied the dependence of tf o/d&dP
on the longitudinal and transverse components of the c.m. momenta of the produced particles, P& and

PJ„,while holding all other variables 6zed in the center-of-mass system. The ranges of the components
measured were Pt=0.0-1.0 GeV/c and P s0. 1—1.5 (GeV/c)'. The 12.5-GeV/c extracted proton beam
of the Argonne ZGS impinged upon a liquid-hydrogen target. The produced particles were detected by a
spectrometer containing two bending magnets and Cerenkov counters and scintillation counters in co-
incidence. The incident proton Qux was determined by monitor scintillators calibrated during gold-foil
irradiations. The cross sections for the production of 2r+ and E+ were all found to have an unambiguous
Gaussian dependence on pt over the entire range. In the formula d'o/dQdp=B exp( —Apse), we found
A =3 5 (GeV/c) ' for n+ and E . However, for E+we found A =2 7 (GeV/c) s. In studying the dependence
of d'o/dQdP on Pt, we found that the cross section was very strongly peaked about Pt=0 SGeV/c, with.

very few particles produced near P&=0. This shows that there is no tendency for particles to be produced
at rest in the center-of-mass system. (Such production is predicted by the statistical model. ) Instead,
particles come out in two clouds or "fireballs" following the two departing baryons. These Greballs have
a mass of about 2100 MeV.

i. INTRODUCTION
'

&~URING the past few years there have been several
"beam survey" experiments' ' performed at high-

energy accelerators. In this type of experiment the

* Supported by a research grant from the U. S. Atomic Energy
Commission.
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differential, production cross section iso/dQdI' for the

production of secondary particles in high-energy proton-
nucleus or proton-proton collisions was measured.
These experiments were all done in the laboratory
system, in that a series of measurements was made with

Hl, q held fixed while Pig, was varied. The main purpose
of these experiments was to obtain information to aid

in the design of secondary particles. There were few

serious attempts to relate these experimental data to
the theory of strong interactions. The reason for the
lack of theoretical interest in experiments of this type
was that all these measurements were made in the
laboratory system while it seems likely that any
sensible theory of particle production in strong inter-

actions will be simple only in the center-of-mass system.
Menes, F. furkot, 8,. A. Carrigan, R. M. Edelstein, N. C. Bien;
T. J. McMahon, and I. Qadelhaft, Phys. Rev. Letters 16, 855
(1966); 19, 198 (1967).




