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Abstract
A continuous set of partial wave amplitudes (in the c.m. energy range
1300 - 2000 MeV) is presented. A D13 (~ 1700) state is observed in two
channels; the existence of a P13 (~ 1800) is corroborated, but there is.
1little evidence for a P33 (i?OO). The presence of many resonances in the
‘channels Np and No are observed, supplementing the information on their nA

decays .
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1. Introduction

Elastic phase shift analysis has provided us with an impressive list of |
resonances, which is both the essence of our understanding of baryon spectro-
scopy and also the main teéting ground for many of the ideas on the dynamicsv
of hadronic processes. The agreement between the many independent groups is

. . (1,2)
very lmpressive,

and gives cohfidence in the>resulting scattering amplitudes.
Corresponding investigation of the inelastic scattering reactions has not.
kept pace with the elastie investigations. vThis defives_not only from the lack
of data (wiﬁh high statistics, and systematically spread in energy)vbut also
from the complexity of the phenomenological analysis. However, the study meritsr
the effort.: The inelastic cross section represents a Very substantial fraction
of the_tofal 7N cross section, even at 1.0 GeV/c, and it is therefore intrinsiwa
cally interesting to understand the scattering procésé. In addition, the in-,

: = :
elastic decays of N¥ are a very specific sighature of the state and its proper- -
ties, and therefore an important study in their own right. Finally, for reso-
nances with very small coupling to the elastic channel, these studies are the
pnly means of investigating the resonance in a formation experiment.

In the fesonance region the principle inelastic reaction is
N = . . : - (1)
We have therefore made a detailed study of this channei-in the c.m. energy
range 1.3 - 2.0 GeV.
In previous analyses of.reaction (1) two approaches have been taken:
(a) selection of sub samples of the data to isolate specific reactions(3)
e.g., 1N — A
(b) the use.of‘an isobar model in an‘ effort td fit the whole reaction
taking into account the effects due to strongly overlapping reso-

(4,5,6)

nances in the final state
_ . ) :
We have developed the second of these approaches by including many more



intermediate states and using the maximum likelihood technique in confronting
the data with‘theory. ‘These developments have enabléd usfto produce a'continu-
our solution from energy independent fits throughout the energy range we con-

sider.

2. The bat_-,a’

:Thé data.uséd in-this_work‘have been gathefed,frbm'severél bubble chamber
experiments listed in Table I, tbéether with ﬁhéir-statistics. - The Sample of
e§en£s ﬁﬂﬁs_obtaihed covérs the reactions: |

- o) - B, + 0 + + +
NP TR PR, P NN N, AP PN, AP 0T

at center of mass energies between 1.3 and 2 GeV. ‘The biases and inefficiencies

for theée‘fihal states have been discussed by thg authors.
are small,”we did hot correct for such losses in tﬁe subsequent analysis.

Wé show in Fig. 1 a set of Dalitz plots for thése_feactions: they all
havelétrong bands associated ﬁith.A or p.préduction,which éuggests fhé use of
an isobar.médel. -Furthermore, we see in Fig. 2 that the distribution of 6,
the sCaﬁféring'angie of the final nueleon héé“a complicaﬁgd structure, rapidiy
changing with energy.. We can therefore antiéipaté tﬁat many partial waves will
. be necessary, with fast variatidhs of their moduli and phaées.' This .observa-

tion is consistent with the presence of resonance-like structure in the inelas-

tic cross sections shown in Fig. 3.

3. The-Mpdei
| .in order to analyze the reaction we have uséd an extended isobar model.
This contains the following assumptions. |
(1) The reaction is considered as the superposition of éeveral'quasi
two body reactions. Only nA(1236), Np(760) and No are used as

intermediate states. The first two of these are clearly present

(9)

B Y



in the data and it is well known(lo) that the I=0, J=0 nx
interaction is strong in the mass regions we consider.

(2) Each intermediate state can proceed through a number of partial
.waves. We only consider waves in which the final orbital angular
momentum is less than 3. These waves are listed in Table II and
the_notation summarized in Fig. k4.

(3) The amplitude for the reaction to procéed through a particular

intermediate state O is written as

T, = Ay K(a) (o) , (1.1)
where |
K(a) contains all the kimematical information related to the

angular momentum decomposition of the production reac-
tion. In particular, it contains a centrifugal barrier
factor QL where Q is the momehfum and L the orbital angu-
lar momentum in the intermediate state.(ll)
G() represents the final state interaction and is introduced

(12)

using the Watson Final State Interaction theorem

id
d gin &
e sin o

6(@) = ——3—
a
q

Here Sa is the appropriate elastic phase shift for the
strongly interacting pair of particles (e.g., the =N in
the A(1236)).
Each Aa is then expected to be a slowly varying function of the
subsystem mass and We therefore approximate 1t by a constant at
each. individual c.m. energy. This is the partial wave amplitude.
(4) The quasi-two body amplitudes can be added, This implies some

(13)

double counting but it can be shown to be small.
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This.construction of the sdattering amplitﬁde allows easy fitﬁing to all
single ﬁion production channels and hence tqlthe isospin decomposition of the
scattering amplitude.

There are, however, some limitations which must be observed.

(i)"- The final state factors and centrifugal barriers are not uniquely
defined. They'could be multipliea by slowly varying funétions,
but we have checked that we are_largeiy.insensitive to such
changes.

(ii) We do not allow for nN% intermediate stateé but these do not seem

 to be important in the channels Qe analyze.

(iii) No direct 3 particle decays are considered. The slowly varying

'c' may, however, partially represent such a process.

4. The Likelihood Fitting

The definition of ai Nﬂn_éﬁent at a given energy requires L
quantities. .In order to exploit all of the correlations between these'quénti-
ties we have used the maximum likelihood method in fitting the data.

Let pc(i, K) be the probability density for event i in channel c as a
function of the partial wave amplitudes A [eq. (1.1) of the previous seetion}.
P, is normalized so that the integration over phase space gives unity. For
one channel c, the likelihood Lc is given by

N .

c 3
log (L ) =2 [log p (i, A%
c . (o4

i=1
where the summation runs over all events in that channel. When dealing with
‘several channels the probability density for an event is the product of the
probability for it being found in channel ¢ and the probability for it having a-‘

particular kinematical configufation_within that channel.
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Furthermore, we use data in which the no. of events/ub is not always the

same in each channel (the data come from many experiments).' If we define
N

quantitiesrch = Eg(obs) then we can write the prdbability that an event is
c

found in a particular channel as
B
A
Gc( )Lc

N
o,

and the resulting likelihood function becomes

Nc OC(K)LC -
log L =2 I log || —= pc(i, A)
e i=1 so_(A)L
, X X
X /
-
cc(A)L Nc N
=2 N, log ——l—)+= T log p (i, 3)
c To_ (AL c i=1
: % X X

LN ' .
where cc(A) is the calculated channel cross section. The contribution of the
first term to the likelihood is & maximum when the calculated channel cross
4 .
sections correspond to the observed cross sections.(l ) The fitting program

was capable of using as many as 60 partial waves.(15)

5 TherFitting Procedure

The number of events used in the anaiysis are given in Table III. They
were binned into energy intervals of 30 to 40 MeV, the central value varying by B
steps of 30 to 40 MeV also, except between 1540 and 1650 MeV, where no data
‘were available. | |

In this section, we now give an outline of the procedure we have followed
in arriving at our final solution. This procedure involves a number of dis-

tinct stages.



(1)

(i1)

(ii1)

Generaﬁion of Starting Values and Initial Maximization at Fach

Energy (SEEK)
(a) Initially we begin with our complete set of 60 partfal waves
given in Table T.
(b) We generate ~ 2000 random sets of partial-wave amplitudes, calcu-
' late a likelihood for each, and retain the 6 highest.
(c) These 6 sets are then used as initial values in the maximization
 program leading to 1-6 final maxima (some of the initial solutions
converge to the same final solution).

Removal of Unnecessary Waves

(a) We look at all solutions at all energies and remove waves (from
all amplitude sets) which are "small" (within 2 standard devia-

~ tions of zero) at 3 or more energies.

(v) .ﬁe-maximize at each energy with this smaller set of amplitudes
starting from the final parameter values of (ic) (or of (iib) v
in the iteration procedure). |

(q) Tterate (iia) and (iib) until we obtain a final-irreducible set
of waves.

Atvthis stége, usually‘about 3 solutions remain af each energy
(for E < iShO, we have only one).

Consistency with Elastic Phase Shift Analyses (EPSA)

There is a danger in (iia) that we will remove waves which become

' neceésary at our highest energies (e.g., F37 anes). In order to

identify this we compare our cross section.predictions_with those of
EPSA. Wherever there is disagreement in é”particular incoming paftial

wave we add appropriate amplitudes to the final set of (iie) énd re-

maximize. In this manner we reintroduce necessary waves which have

been lost in Stage (ii).

T
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(iv) Continuity
(a) From the solutions we have attempted to define continuous chains.
This has been done in two ways

(i) The parameter values of each solution at a given energy
were used as starting values (for the maximization pro-
cess) at the adjacent energy points. In the majority
(~ 75%) of cases these starting values 1ed to already
existing solutions.

(ii) Among solutions which were qualitatively similar, we kept
the one that was most satisfactory with respect to criteria
of continuity ahd 1ike1ihood.

(v) When we obtained continuous chains in most waves, some waves (e.g., .
p3 DD15, nA DD35) were observed to possess discontinuous behavior |
in the Argand diagram, i.e., they showed 180O phase changes be-
tween adjacent energies. We first examined these cases to see
if the discontinuities could be attributed to local maxima.
We did not find this to be the case and these waves were re-
moved andtall the solutions remaximized.

(v) Final Solution

In summary we find one final solution which possesses all the follow-

ing properties:

(i) At each energy the solution parameters correspond to a maximum
| in the likelihood function and have a high likelihood (usudlly
~ the highest of the competing solutions).

(1i)  The solution at each energy propagates to the solution at the

adjacent energies above and below.

(iii) _Qﬁalitatively it has no discontinuous motion between adjacent

 _energies.
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(iv) | It possesses good agreement with the EPSA predictions for

| inelastic cross sections. '- |
Thé:ihitiai sét of wavés used is given in Table II'tbgether
with the final 24 remaiﬁing at our highest energy (only 10 waves are

needed around 1400 Mev).

(vi) Uniqueness and Stability of the Solutions
| The crucial step was the selection of a good subsét of waves.
- For this subset, we have found only one solution which satisfies
all the requirements iisted in (v), and we thﬁg believe that the
largef waves aré uniquely determined. We attempted fits where one
of these waves was replaced'by another one with the samé Jp, but
the 1ikelihood dropped dramatically; We canﬁot be as certain in
thé caée of smaller waves, the amplitudes of which are never more
thah‘2 or 3:standard deviations from zero. Furthermore, as we have
rathef large energy steps, our emphasis ontcontinuity clearly biases

us against very narrow resonances.

6. Quality of the Fits

In 6rder to evaluate the quality of the fits we have studied the
following:

(a) Description of the date using the partial wave amplitudes

In Figs. 1 and 2 we presented the data at 1.7 GeV together with the

results of the fit. Thevagreement is excellent, the majtr correla=

tions being well reproduced. However, at 6ur'highér energies two |

-effects are noticeable. |

(i) the p and A mass peaks are slightly shifted (Fig. 1). This may
be a result of aséuming that the partial wave amplitudes Ad are

independent of subsystem masses.




(i1) the nucleon scattering angle (Fig. 2) demonstrates the onset of. -
peripherality which has not been entirely reproduced by the p
and 0 partial waves allowed within the model at present.

(b) Agreement with Elastic Phase Shift Analyses

Elastic'phase shift analyses (EPSA) provide an‘upper’bound
for the inelastic cfoss section in each incoming partial wave
(iJP). ‘Our results, as shown in Fig. 5, always satisfy this
_requirement within errors, While at low energies we saturate
the EPSA bound as expected.

(¢) Cross Section for n p — nr’n°

This channel is not included in the fitting process as no
bubble chamber events are available. Howéver, we cah compare our
predicted cross section for this process with the observed values

and we do indeed find good agreement as shown in Fig. 6.

7. The Partial Wave Amplitudes

At each energy the- solution of.any fits to inelastic reactions are only
defined up to an arbitrary phase; Thus in order to give Argand diagrams of
fhe partial wave émplitudes we must determine the»absolute_bhase of the set
of amplitudes at each energy. This has been done:by performing a multi-
QhannellK-matrix fit both to the published elastic and to our inelastic
transition amplitudes in specific partial wavés at energies where a promi-

nent resonance dominates. These fits are described in Section 8.

The Argand diagrams for both elastic and inelastic scattering amplitudes
.are displayed in Fig. 5. In Table Iv we give a summary of the major charac-

teristics of each partial wave together with the comments oh' the resonance
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interpretations that occur. We leave a discussion of the implications until

the next section.

8. Discussion of Results

The agreement with the data and EPSA together with the continuity of

the solution are impressive even though there are some discrepancies at the

higher energies. Resonant structure is a strong feature of all 3 channels,

1A, Np, No. - We can make the following points concerning our results:

(a) Resonances

(i)

(i1)

We observe unambiguously a D13 resonance in the region of 1700

MeV, a state prédicted by the L excitation symmetric quark mbdel(l7)
There is no evidence for a strong P33 resonance at ~ 1700 MeV even -

though the nA cross section is large in this wave. This is remini- ,

scent of the behavior of the PP13 KA wave in K+p scattering.(lS) .

This observation also casts doubt on the identification .of the P11l

(1470) and a P33 (1700) with the first radial excitation of the

(iii)
(iv)~»

(v)

(vi)

P11 (930) and P33 (1236) in the symmetric quark model.(:T)

The existence of a P13 (1860) is strengthened by our analysis,

the Np channel being the dominant decay mode.

The Np system is a major decay channel for the D13 (1520), F15
(1680), P13 (1860), F35 (1890), and F32 (1950).

The nA decay amplitudes of the F15 (1680) and D15'(1670) are in
close agreement with Solution A of our previous analysis,(B) where
we made a A cut and fit to the reaction np— A:n+.

It ié possible to extract individual channel cross séctions into
A, Np, and No. Fig. 6 contains these partial cross sectioﬁs. At
low energies the sum is much larger than the totalvineiastic cross

section due to the presence of strong destructive interferences.




@

(b) Discrepancies

9.
(a)

(1)

(11)

(iii)

Unfortunately our fits do not give very satisfae%ory predictions
+ + ) '
for the n n n cross sections at higher energies, falling short

by approximately 3 mb. This problem, or shortcoming of thé model,

- may be attributed to the fact that we include only I = 3/2

iso?ar formation, whereas the data (for this channel only) show
very clear evidence of I = 1/2 isobar formation. (éoth ﬁ*(1530)
and N*(1690) are observed in nx mass spectra). The Ng isobars

do not seem to be present in the other channels.

Oﬁr solutions do not require any waveslderived from an incident D35
state and we thus fall dramatically short of the EPSA predictions.
We also observe that the F37 inelastic cross section is not satu-
rated. Howévér, it is interesting to note that the sum of these
discrepancies corresponds approximately to the ﬁ+ﬁ+n-p (~ 5 mb

at 1925 MeV) and unaccounted xrin (~ 3 mb) cross sections.

The observation of the excess of events for small ﬁucleon
scattering anglés suggests, as an improvement, the inclusion of

the high angular momentum waves derived from =m exchange.

The K-Matrix Parameterization

Formalism

As mentioned earlier, our inelastic amplitudes found at each

energy are known only up to an overall phase, so that we cannot even

check continuity in energy. We next want to tie them all together in a

smooth, energy-dependent fit, and at the same time relate them to the

"known elastic amplitudes. To do this we use a K-matrix, so that the

resulting T-Matrix will automatically satisfy unitarity.

o p

Our K-matrix is a sum of factorizable poles - for up to two

S_-8
r
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_resonances (r = 1, 2) plus a constant background kgﬁ. We use a

reduced k-matrix:

. 2 B
B 22 B,
, 8 =S o)
r=1 "r

Such a form, factorizable at each pole, guarantées that for each K-matrix
pole we shall find one nearby T-matrix pole.

op

vaTo express the T matrix in terms of k™ we first define a reduced

T-matrix tQB given by

1% <% 2(0) £°(p)

where £(Q) are the kinematic factors of Eq. (1.1). We then have the

standard relation between t- and k- matrices

t[1-2itQk] =k

*
where Q is a nearly-diagonal momentum matrix

: =0
QQB _ 0B Q
B IS

For a two particle state, Q. is the center of mass momentum, and for a =

0
threé-paftidle state
(0}
Qy = Jf(a)f*(a)q 75, %o
is the average momentum of the subsystem prodﬁced in wave C.
(v) Fits
. r 11 \ o,
We fit k_ and 7, to t’ (known from EPSA)_and t*" (given by our
analysis). In each IJP subspace, our k matrik‘couples up to 7 channels,

namely. 1 elastic and 6 inelastic states nA and Np3 (each with possibly

*More precisely, Q is not a diagonal matrix when proper account is taken of
the interferences between the different pairs ofvparticles in the final state.
This effect was included in our treatment, and will be described in the thesis

(21)

of Ronald Longacre.




two waves like DS13 and DD13), Np1, No. As an example, we detail the
. parameters involved for D13: we have 5 channels:

1: =N (D13)

2: nA (DS13) which implies 15 parameters for k°,
3: A (DD13). 5 coupling<con3tants for each of 2
4 Np3(D813) resqnance, and twp corresponding
5: No (p513) pole positions.

i.e., a'total_of 27 parameters. The fit is perfqrmed over an energy
range of 1310 to 1816 MeV where 150 data points_are available.
Wherever we ha&e ﬁade these fits tﬁe reéults are included in the
-Argand diagrams in Fig. 5. The qualitative agreemént is excellent,
particularly as we have used a réthef modest number of parameters. In
Table V we summarize the pole positions of the”K-matrix although these
will differ from the real part of the pole in the T-matrix. The inter-
pretétion of the coupling constants is nof clear and we postpone a

discussion of this point until later publications.

10. Conclusions
The elastic phase shift analyses only relgte to one aspect of the =N
interaction and the analysis desecribed here represents .a substantial progress

in prbviding complimentary information on the inelastic channels.
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*We have strong evidence for the existence of a resonance in D13 at 1700
MeV. While,this has been suggested in previous EPSA and photoproduction experi-
(20) ,

ments he most recent EPSA(2) finds no evidence for it at current sensitivity.

Such a staﬁe‘has long beén>required by the quark mddel(l7). Furthermore, we
have strengthened the interpretation of many other resonances while casting
serious doubt_on the existence of a P33 statevat ~ 1700 MeV. |

The first reliable‘determination of oN and pN parfial wave amplitudes
has indicated the;appearance of many resonances in this chénnel.. These to;
gether with ourvimprovéd knowledge of the nA.systeﬁ.Begin to allow a complete
picture of'the ﬁNvinelastickreactions, |

Finally,.wevare_at-preéent«using these amplitudes to study resonance

-parameters and coupling and their relation to other theories of hadron inter-

~actions. -
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Table T

Number‘df Events .

o - e -.0
Laboratory Energy Range TN TR P
(Reference) - V'S (GeV)

SLA((:-I),BL 1.47 - 1.50 1010 648
7 : ‘ :
1.65 - 1.97 41175 27946
- oxford 1.31 > 1.54 118502 5892
-~ (6) o
Saclay 1.39 - 1.53 13340 731k
(4)’ { S
Total 131 1.97 Tho27 41800
Laboratory Eﬁergy Range n+nop n+n+n
(Reference) :
-0xford 1.3 5 1.56 7262 137k
(5) '
RiVeI('sj).de-LBL ©1.82 - 2.09 k1li2 17255
8 : _
Saclay 1.64 » 1.97 11522 3382
(&)
Total 1.43 5 2.09 60196 22011
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Table IT e

_ The 60 waves possible with angulaf momenta L, L', 4 each < 3. Thefe are two
nucleon-rho terms in the isobar model; indicatéd‘by p3 and Pys where’the sub-~
scrip% indicates the 'coupling between the spin,of_{;hé: o ( = 1) and the spin

of the outgoing nucleon. The boxes indicate the final subset of waves used

. -in our fits.

Incident Wave - nA _Np3 1 No
s11 SD11 ©osp11 [es1T sPLL
P11 | PP11 PPl “PPI1 |1

[DDT i DD13 'DD13 CL™>3
P13 PP13 PP13 PP13 PDL3
| (PF13 PF13 e
D15 frouvm| D15 DDL5  DF15 .
F15 STt FD15
FF15 FF15 FF15 ———
F17 FF17 FF17 COFFIT (1'>3)
s31 SD31 - [ss3n
P31 ' PP31 . IPP31 l
S DS O
D33 33 33 _
DD33 DD33 DD33
: PP PP’ PP
P33 | 3 33 33
PF33 . PF33 -
D35 . DD35 DD35 'DD35 .
FP FP 2 S
F35 : 235 35 |
» ws

rr ) [mIr) FF37
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Table ITI

S

Number of Events for the Energy Bins Used in the Fits_

C.0.M. Energy ‘Range «ponxn 1 p = xp 'p - 2 x%p
: : (MeV) '
1310 1300 - 13%0 1069 5L
2] 1330 -- 1360 1664 11
. 1370 1360 - 1380 2471 2
1400 11380 - 1410 5049 | %6l 8
Cluko 1430 - 1460 4918 1802 359
1k70 1460 ih8o 3252 1629 175
1490 1480 - 1510 5555 597 1585
1520 1510 - 1530 3241 2588 16
'15uo 1530 - 1560 3905 3285 111k
1650 1650 - 1670 6061 3757 26T
1690 L1670 - 1710 5901 3689 1159
1730 1710 - 1750 3455, 2630 L4061
1770 <1750 - 1790 321k 2352 2853
1810 1790 - 1830 2hly7 1541 3855
1850 1380 - 1870 3931 3185 6372
1890 1870 - 1910 5072 3170 12690
1930 1910 - 1%0 | 5817 4080 4208
1970 1950 - 1990 5277 3544 T4k
Total 1300 - 1990 usTs 49523

. 72299
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resonance with and nA.
M ~ 1750 MeV.

No information

on inelasticity.

Table IV.

' Partial . EPSA _ . S ' Decay channels and
Wave - Results Discussion of cm results general comments
o : ' ‘ ' : on our results
S11 M= 1535 Not observed in our data; this is nN, 7N

' o consistent with a large branching
Ty ¥ O o O e e
M = 1700 Resonant loops are clearly present 7N, oN, pN
.-+ 1in the oN and pN channels. No evi-
amey ¥ O demee T g N A e
M ~ 2100 Not sensitive to this state, since N
it is at the edge of our energy .
Finey ~ 05 rense
P11 M ~ 1470 Clear resonance behavior in mA’ aN, na, oN
‘ ) and No channels '
X, ., ~ 0.k
il e e e
M ~ 1780 Again both nA and No channels 7N, nh, oN
: ) exhibit resonant loops ‘
inel ~ 0.7
P13 M = 1860 Clear resonant behavior is 7N, pN
o observed in the pN channel Strengthens the ob-
.~ 0.75 servation in EPSA
inel

. -D13 ' M~ 1520 Strong resonant behavior in the %N, pN, nA

. : Np and nA channels (even thou

X, ~ 0.4 Np is 300 MeV below threshold).

ABeL e ————————
Suggestion of Clear resonant motion in oN . nN, oN, nA

" First unambiguous

observation of reso-
nant behavior in
this region.

D15 ‘M = 1670 The nA channels show strong reso-

P nant behavior, saturating the .
Xinei o 0.58 unitary bound near the accepted

resonant mass

nN, kA

F15 M = 1688 This resonance is observed in oN,
' .. . .pN, and A with comparable strength.
. Xinel'~ 0.38

nN, oN, pN, nA

SR WS

D
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Decay channels and

Partial Discussion -of cm results general comments
Wave Results on our results
S31 = 1650 We unfortunately lack the experi= nN, nA

‘ ' mental data which would reveal the
behavior of this wave in the reso-
nance region. The present points
above 1650 show a smooth behavior -
- ‘ which is compatible with the accepted
X, ~ 0.72 resonance mass.
inel .
P31 Suggestion of Weak evidence for resonant behav1or in aN, A
resonance with the nA channel
M ~ 1910 MeV.
Xiner ¥ 0T
(poorly deter-
mined) -
P33 Suggestion of No evidence for resonant behavior in N
resonance with any channel '~ Resonance existence
M ~ 1670 MeV. is unlikely
x1nel O 90
époorly deter-
mined)
‘D33 . M ~ 1670. Our analysis is consisteht with a nlN, %A
resonance interpretation for the
Xlnel ~ 0.85  nA channel
F35 . M ~ 1890 Strong resonance behavior seen in nN, pN
X, . ~0.83 N channel
inel
F37 _ M = 1950 Clear resonance behav1or is appar- N, pN, nA
- X, ~ .55

inel

ent in pN and nA channels
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TABLE V

Resonance Pole Ppsitions in K-matrix Fits

Wave

“P-13

D 13

F 15

F 35

F 37

Pole
Position
MeV

1497 1801

175k

1520 1733

1685

1682

1933

1930
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‘Figure Captions

Fig. 1:

Fig. 2:

Fig. 3:

Fig. b4s

Fig. 5:

Délitz plots for the 3 final states «'x n (1.1), = =°p (1.2),

2 s°p (1.3) at four center of mass ehergies: 1490, 1650, 1770,
1930 MeV. The side of the little squares is proportional to the
predicted density‘of'our fits. On the projected distributions,

the dotted line is the experimental data, while the solid histo-

gram is the result of the fit.

. Distribution of the angle of the final nucleon with respect to the

incident pion in the center of mass. The histograms are given at

‘four center of mass energies: 1490, 1650, 1770, 1930 MeV' for the

same channels as in Fig. 1. The dotted line is the data, the solid
histbgram the result of the fit.

Cross sections as 5 function of center of mass energy for the four
channels ﬁonon, ﬁ+n-n, n-nop, R+n°p. Thé dots f+ are the experi-
mental values with their error bars. Tﬁe crosses correspond to the
numbers found in the fif.

Schematic representation of the isobar model and definition of the
partial wave notation.

Aigand diagrams and partial wéve cross sections for the elastic and

inelastic channels. The smooth curve on the Argand diagrams is

'the amplitude obtained from the K matrix when the description was

" possible. Cross hatched marks on the curve correspond to the

energies D, E, F etc. The arrows indicate the known resonances of
Table V. The total inelastic contribution in each elastic wave +

is compared with the sum of the inelastic contributions we observe.

~

' Facing each inelastic Argand diagram, we give the variation with

energy of the square modulus of the wave.
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Fig. 6: Cross sections for nN — Aw, pN, oN as a fﬁhctipn of the center of

mass energy. The statistical error bars are given at 3 energies.
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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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