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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.’ ‘
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x'p 4-PRONG INTERACTIONS
BETVEEN 3 AND b GeV/c

David Gordon Brown

Lawrence,Radiation'Laboratory
University of California
Berkeley, California

May 1968
ABSTRACT,
The Lawrence Radiation Laboratory‘?é—inch hydrogen bubble chamber
vas exposed to a beam of % mesons at incident moments ranging from 2.95

to -4.08 GeV/c. The resulting film yielded 39 000 4-prong interactions

which were processed using the FSD device aﬁdﬁthe*Fog-Cloﬁdy-Fair data

reduction system.

Formation of N (2850) and production of the dominant quasi-two-body
final states-were investigated. .In'particular‘the-double resonance

Kt o ¥t

* R '
+p°, N f°, N w°, and N ++n° wvere sufficiently free from

channels N*f
background to a;low copsidération‘of their-prodﬁctioﬁ mechanismé as seen
in their cross-sections and angular distribhtions,'AOné-mésén;exphahge
models were fbund to accouﬁt corfectly for’thé génefal features éf the
first reaction althoughrbéing ihadequaﬁe to expléih tﬁe finé structufe

of the experimental distributions.
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.. I. INTRODUCTION

In an effort to further the understanding of the processes involved

"in multi-pion production in n+p interactions, lU-prong events of the

followingvthree'types have been studied at the five incident n+ momenta

2.95, 3.19; '3.53, 3.74 and 4.08 GeV/c:

+ 4 -
T p - n+p - (1)

+ + - :
TP mDp o n® _ - (2)
o+ + o+t -

TP KN X n , (3)

Theée éré the Oniy.feaétions aécounting for any sizeable portion of the
total h—préng cfosé;section.which may be kinématically constrained. The
intefmediateAénérgy region'was thought to be adyantageous Because: a)
The h—proné'crdés-section is large, b) The ﬁomentum imparted to the
finai—stafe particles is sufficiently low that ionization information

ié very uséful,'c) One should be-ﬁithin'fhe.range of validity of
t¥channel-éxchénge models but with s-channel resonance effects still in

evidence. The analysis was performéd onAsamples.of 7300, 9300, and

- 2100 events of- the feSpective reactions.

These were obtained in a run at the Bevatron in the spring of 1966.

The 72-inch hydrogen bubble chamber was exposed to a separated n+ beam

-to obtain'.29pb/event of pion path'length. The event sample was culled

from a sample of 39 000 L4-prongs measured by.the'FSD device and processed
by the.Fog-ClOudy—Fair system. | |
.The analysis of_fhe events had two distinct«goals:-
1. The 1=3/2 N*++(2856) lies within the energy range of the
expefimenf. An éttempt was to be made to determine the

cross-sections for the decay of this resonance into the
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channels considered here.
2. Iﬁ was known that reactions (1) and (2) were dominated
by déuble resonance production - e.g. N*++p° and N*++w°
respeétively, and the.cross-sections and angular
distributions of these processes were to be studied.

In Section (IT) the e#perimental procedure is outlined, i.e. the
method bvahich the event sampie and mb/eyent normalization were made.
In the following section the total cross-sections and fundamental
experimental disfributions for the three reactions are describedl In
the last section double resonance production is investigaféd and the

success with which these processes are described by one-meson-exchange.

models is examined.
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II. EXPERIMENTAL PROCEDURE

The experiment was performed to obtain two things: an event sample,

or "library"™ of processed events, and the mb/evenf ratio for events of

that sample. In this section the methods used ‘and problems encountered

in carryirig out this task are described in detail.:

A. The Beam
The beam layout is shown in Fig. (1). It delivered a separated
Beam of n+ mesons to the 72—inéh hydrogen bubble chamber, momentum

analyzed to *1%. -The beam line does not merit further attention except

to comment that a) the mOmenfum bite was larger than expected because

of the.relatively poor operating characteristics of the quadrﬁpoies, and
b) proton.contaﬁination was fairly severe at the higher energies and
will be discussed at length in Section (C). Runs were made at 2.95,
3.19, 3.53, 3;74, and 4.08 Gev/c incident ' momentum. Wo un-due

difficulﬁy was exﬁerienced with.any of the apparatus during the running

" of the experiment.

B. Data Processing

All of the film was scanned for L4-prong 1nteract10ns between rakes
1l and 13 in the T72-in¢h bubble chamber.39 These events were measured on
the Flying Spot Dlgltlzer (FSD) automatlc measurlng machine. If an event |
failed to pass through the reconstructlon programs it was remeasured on
either the Franckenstein device or (for one momentum--4.08 GeV/c ) again
oﬁ the'FSD. | |

The fog—ClQudy-Faif system ef computer_prograﬁs was used to
reconstruct the events from the measuring machine information, to
constrain the events to those reactions of interest, and to output the

data in a useful form.uo Since in reactions (1) and (2) any of three



The Beam Line -

$
N
1
1
.
i
1 . 1
| Bevatron |
1 [
I o '
: Target cl c2 . 8.C. 1'
' f—14.51 m—efe—29. 4dmlw—11.6 6 m—>| ) !
,' e §6.06 m N |
1 = L ascay /4 i
- .
1
! )
1 '
t i
1 L
! )
|
i ) i
. . . . : )
LAJ . l At 4 l ] '. 1 1 l A 11 l il i i l .43 1 I A 12 1 l Al L l . . ‘ 111 3 I VI § ‘!l
10 20 - 30 4 - - 50

v Metgrs

XBL 684-687

fFig.vl. The beam.line-used in this experiment.

~



bl

3

..5..
positive outgoing tracks could be the proton, there were a total of

seven hypothetical sets of mass aésignments to be tried for each event.

'Also, as detailed in the next section, the events were constrained to

the cbrresponding pp reactions in order to determine the proton
contamination.

Evenfs wére lost at each stage of processing because of scanning,
measurement, and tape;handlihg errors.. Thesé errors consist of such
things as measuring the tracké of an event in a different ordef in two
views or of punching in the ﬁrong roll or frame number for an event or
even of loosing the tapes'from an evening's FSD run. Over 90% (92.3%)
of the evehts survived prdcessing.(including events saved by remeasﬁre-
ment). No evidence.was found that the missing events were a biased

sample except for containing the "non-events" (such as & 2-prong event

with crossing beam tracks at the origih.makihg a fake "b-prong" event)

for which a correction was made in the efficiency calculations.

C. . Beam Contamination

The n+ beam had fairly severe contamination préblems, the principal

contaminants being protons and p mesons. In particular, the proton

contamination was a source of concern because of the possibility of

‘constraining pp 4-prong events to the np interactions considered. The

extent of proton contamination will be discussed beldw, and the'p-meson
contamination will be mentioned in Section (D).'

Two velocity separators and an accombanying mass-reéolution slit.
we;é used to extract the n+ compdnent of the'beam for this experimentf
Fig. (2) shows separation Cufves taken at the highest momentum with 1)

"B" a narrow solid-state counter placed just above the slit, and 2)

"cFG" and "CF", Cerenkov and paddle counters respectively, in series
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Fig. 2. Separation and Cerenkov curve:z used in estimating
the proton contamination.
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after the slit--all normalized by T the target monitor. At this
momentum the prbton and pion peaks are seen to be in the ratio of
’nearly 150 to 1 with the two peaks not being very well resolved. Of
qdurse, because of the l/p3 behavior of the separation distance, munh
better resolution was obtained at the lower momenta. The Cerenkov counter

was adjusted so as not to count the (relatively) slow protons; and hence

(CF - CFC)/CF is the percentage of protons in the beam after separation -

has occurred--i.e. roughly 30%.

In order to get_a-better"Quantitative; understanding of the proton
contamination. The measured h-prpng events were constrained to the

following reactions:

+ - o
PP = Pp T x R (&)
+ - o
pp = Pp T x X o (5)
pp = P it n A o (6)

The ratio of the number of events constraining to these‘reactions; to
those constraining to the corresponding pion'beam hypdtheses, when
compared to the ratio of the respective cross-sections, was'used'to '
determine the fraction of protons in the pion+proton.beam. That;is,
ifN, N and o ., © are.the'reSpective numbers of -events (excluding
w’ 7p np’ "pp . B . ' .
events constraining to both pp and n+p hypotheses) and cross-sections

for these reactions and O the fraction of'protnné, then:

N = Cc(l<t)g , N =.COhao_ -
I np P PP
o ’Npcnp
1@ - No -
T pp

_ Also, using the number of events constraining to both pion and proton

hypotheses and the ratio_Np/Nn, an éstimate of the proton-event



Table I. Proton contamination of the n+, p beam. and good-event sample '

(G.E.S.) and muon contamination of the nf, p+ beam.

Momentum
GeV/c
2.95 -
3.19
3.53
3.7h
4.08

Using only the 4C fits
% P beam % P G.E.S.

2;7‘¢:.7 .032 ¢
5.4+ .8  .070 % .017'
5.7 .9 L1k o+ .03

'9.1 £ 1.2 ;29 + .05

25.0+.2.4 1.9 = .2

1+

.013

Using all of reactions 1-6 -

g PBesm . %PG.E.S..

3.0 £ .8 ’ ;030 +

£
6.0 % 1.1 .10 £

8.1 % 1.4 .19 %
>lO.7'i 1.7 .usl +
.22.i + 3.0 2.6 %

008
.01
.02
.04

1

d-ray results

% p beam

I+

5.7

I+

5.3
| 4.8 =+
L5
b1

I+

I+

2.6
2.4
2.2
2.1

1.9
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ccontamination of the final event sample may be obtained.

The fesults of this analysis are exhibited in Table I, the proton
contamination having been found to vary from 3% at the lovest to 2hd at
the highest momentum. Note that by this method the proton contamination
of the "good" beam, as‘defined;by.criteria detailed . in Part (E),.is
determined. Off-momentum protons (e.g. degraded at the mass slit) are
rejected by the momentum-cut; so, their contamination is not relevant
to the expe:iment. This accounts for the higher value given by thev

Cerenkov counter at L.08 Gev/c.

D. Beam Normalization

Because of the beam contamination it was not sufficient merely to
meke a beam count in order to obtain the total pion path length. In
particulér.if'was felt desirable that a method be used which was

independent of measurement of the proton contamination. This could be

-

aCCOmplished by nofmélizihg to the d-ray cross-section siﬁce large B-rays

30

are only'produced by beam n's or p's; A scan for B-rays with momenta

greater than 18 MeV/c (i.e. sufficiently large that the delta-ray -
cross-section for productibn by a beam proton was negligible), and strong

interactions on beam tracks with these 8-rays was made over about 20%

of ‘the film with the &-ray initial momentum being measured (actually

the cut was made on the initial radius of curvature and corresponds

only'approximately to,i8 MEV/C). From the known cross-section for these
B-rayé the total n,+p+ track length éould.be'obtained:-and from the
number of sprong interactions occurring on these tracks.and the total
n+p interaction cross—éection, the mu-ﬁeson'contaﬁinafidn could be
estimated. Because of the paucity of data, tﬁis_latter was done for

the entirebexperiment, rather than for each momentum separately, with
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Table II. Beam Normalization

mb/event ratios

Momentum .
Gev/c 8-ray normalization
2.95 _ (2.é9 + .10) x 1073
3.19 1.19 + .0k |
3.53 . ' '1.26 + .05
3.74 1.5h_i .05
4.08 : - 1.32 + .0k

GT normalization

(2.48
1.07
1.15
1.45

'l.lS

+

t

I+

I+

.13). x 1073
05
.06
.09
.09
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an assumed l/p (Lifetime effect) dependence upon incident momentum.

Muon contamination is givén in Table I, and Table II éhows the figure

obtained for the number éf millibérns pér event at each energy.
Since.this was not.the conventional way to determine ﬁhe path

lengﬁh, an independent means was soughﬁ to confirm the delta-ray results.

A scan was made‘for.all strong interactions in a sample of the!film,

Which, in édnjﬁﬁétibn ﬁith'knowledge of the proton coﬁtémipation, was
used to normalize to the knoWn.n+p total cross—secfion. The results

from this’methddrére shown in Table II and are seen to agrée, within

errors, with thoéerobtained by thie 5-ray method.

In both of the above methods the error quoted is not purely

'statistical-Fi.e. from the numbef of d-rays or strong interactions

discovered,-iIt'also stems from the uncertainty in the cross-sections
used, in the necessary corrections for efficiencies and p_or'proton
contamination, and in the correction of these samples to the good-beam

criteria detailed in Section (E).

E. The Event Sample

The "good—eveﬁtﬁ saﬁﬁle (G.E.S.) for reactions 1-3 was culled from
the e§ents which survived pfoéeésing by'the Fog-Cloudy-Fair Systém.
The basic réquiremeﬁts deterﬁining the éelection cfiféria were that the
sample be as free from'coﬁtamination, as unbiased, and as large
(statiéﬁically significant) as possible. The eﬁents were screened in
the following ways:
a. Good beam requirement: The beam momentum;'entranée angles_and_
éntraﬁce‘positién were required to saﬁisfy conditions ensuring
that oﬁly good beam events would be'éonsidered. Also, events

were required to lie within certain limits, in the beam



. Table III. Cuts in the event "sample. .

Momentum (GeV/c) 2.95 C3.19 - 3.53.. 3.74 k.08
Events processed 3% 1004 8179 1004 8261 1004 .6758  100% 9524 1009
~12<XVTX<108 cm. b5 1.39 104  1.27 72 .87 77T 1.1k 100 1.05
PE > ;9 P, | 89. 2.75 450  5.50 _l 41k 5.01 . L55 . 6.73 1160  12.18
| BETE-B, | < 3° 10 .31 39 --{u8 | 7 .21 2 .30 25 .26
|ALFE-| < 2° b 1.2 65 .79 55 .6h 57 .8l .78
35<YEND<61.5 cam. 155 h.79 -uu75' 5.47 328  3.97 2307 3.40 228 2.39
42<ZEND<58 cm. Ny 1 .1 |
TDAV < 60 - 137 4;23 - 319  3.90- 339  4:10 184 2.72 324 3.40
ITER < 8 ‘ 1 ‘.Ol _

M < 8, 15 (1c, kc) . '473, 14.62 1533 18.7h4 - 1630 19.73 : - 1350 19.98 2112 22.18
M < 7 473 1462 851 10.k 27 8.80 64 8.35 1283 13.47
Good event 56.5k4 | 4218 ‘uu.ég

1814 6.06 4370 53.43 4680 6.65 3821

<«

- a"[-
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direction, in the chambef..
,b’ Good»measure reguirement: The parametér Tdav, which is é
measure of the gbodnéss of it of é track ﬁhfough the digitized
points aldng ifQ vas ﬁsed to'remove eyéntsvwith poorly méaspred
~ tracks. |
c. Good.fit fequirement: Cuﬁs vere made on the Fair quantities
Iter,“M* and QM*_which measure the ease with whiéh the programs
kinematically constrained an event, %he goqdness of the kinematic
fit of qonstrainea eveﬁts;'and_the agfeementlof the measured
and Calculaﬁed.iénization.fdr the (FSD) measured tracks of an
. event. -
TaBlevIIi.shows the precise'upper and lover bounds ofveach cut and
the percentage of eyenté eliminated‘by'each>éut applied in suécession.
Some of the evéntévcénstrained td mofe.fhan one hypothesis. These
ambiguous eventé,»amounfing to ll% of.the good event sémple, Qere examined

or the scan table. _Roughly 30% of these could not bte resolved by

‘ionization  information and were assigned on the basis of the lower M

value, with the greatér reliébility of 4C tha ic'fits being taken into
consideration. | |

The_valué of the ioniiationvcriteria (G cut) may 53 seen in the
fact that the number of ambiguous eveﬁts.wouid have_been ddﬁbled without
its use. Also, it provided a mééns for ridding the sample of events
which constfained.incorrgétly;—e.gQ ﬁUlti—pi~zefo évents, which could
fake a neutron event (reaétion (3)) kiﬁematicélly;-ﬁouldyhavé a
disidentified protdn, and hence‘shoula_fail the ionization test.
Figure (3) shows the GM¥ distributions for one experiment (3.53 GéV/c)

for the LC fits which were (4) ambiguous, with the largest GM¥ and
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Fig. 3. GM¥ distributions for the ambiguous 4C - fit
events for the permutation with (A) the highest and
(B) the lowest GM*, and (C) for the unambiguous LC
fits. =~ '
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Fig. 4. OM* distributions for the events constraining to a
permitation of both reactions (1) and (2) for (A) the best

(lowest GM¥) reaction (2) permutation which constrained and
(B) the best reaction (1) permutation.



L =16-

(B) ambiguous with the smallesﬁ GM¥, and (C)'which vere unémbiguous.'_
This shows the extent to-which GM¥ could be used to differentiétenbetween
the different hypotheses. Further, Fig. (ﬁ) shows. the GM¥ distributions
for the 4C-n° (reactioné (1 and 2)) overlap events for (A) the best |
(by GM*) x° hypotheéis which fit and (B) for the best L hypothesis
fitting. Only those cases (9%69) for which different trécks were fit as
the protonvundef the two hypotheses were -used. Cléarly GM* offers = |
good method for choosing the correct hypothesis, and also; as expected,
he fits are more reliébie than 1C fits. |

The ionizationkinférmation waé furnished By the FSD'as,the fraction .
" (HM) of the scans of a‘gi%en trackrfof?whichﬁé bubble'ﬁasvencounterea.3l
Since the theoretical dependencé‘of this.Gpon a partigie's velocity.ié
well known, a similar number (HC).could be computed‘from‘the partiéle‘s
known moﬁehtﬁm and assumed nmass, and normalized usiﬁgvthe’minimally-
ioniiing-beam-tracks; Corrections are of course made for the inentation
Qf the track relative to the plane of the camera, and of the projection:
.of the.tr;ckvrelative to the scan direction. It.wés found thét the
measuredvionization was also dependeht upon position in the‘chamben_sd
correétionévwéfe nede for'this effect as well. Gm*lwas then deﬁined’to
be'thé-aﬁerage, fdr aliAof the tracks for which ionizaﬁion'information 
was recéived,‘of the guaﬁtity (HC-HM)E/DHQ,.where Dﬁ wéé the estimated

error on the ionization measurement.

F. The mb/event Ratios

The remaining task is to adjust the previously found mb/évent',
figures to the pariicular event sample chosen in Section (E). That is
accompliskhed as follows: .

oo , _ Jije . event on film
(event in sample) —  (event on film)  (event in sample)




-17-

Cor?ections for the physical cuts (1-6) have already been made; however,
important corrections for inefficiencies in scanning and in the processing
system and for the tails of the TDAV, M¥, and GM¥ distributions remain.

Scanning efficiency was measured by comparing the results of the
original scan with those of a rescan of a quarter of the rolls. Lists
of the events found in the two scans were compared and eﬁents not on
both ef'the lists segregated. These events were scanned ence again and
classified as (1) bad, (2) non~vbeam or (3) good>events (typical examples
of the first two classes of events would ﬁe a two prongkevent and an
event from a'low—momentum beem traék). Events of the firstvtype‘would
not be processed by the eystem; s0 their fraction was subracted from
the total humber scanned. Likewise, events ef the second type would
fail the good beam requirement and were irreleVentvto‘the efficiency
calculation. The usuai efficieﬁcy calculatien was then made on the good
events. There wes; of course, some difficﬁlty in(deciding whether an
‘event should be aesigned to type (2) of (3); however, this>resu1£s in
only avslight increase in the error on the calculatedvefficiency.

The efficiency of the'systemlwas eimply the’percentage of the
events scanned fqr which Fair output wasvreceiVed. In view of the previous
ﬁaragraph, however, the fraction of "bad" events was first subtracted

from the "events scanned" catagory. The Tdav cut was similarly treated--

3

i.e. the events eliminated were those improperly treated (poorly measured)
by the system. The measurement errors fof'those events within the generous
Tdav cuts, should éimple result in a iarger tail to the M* distribution
(chi-square, for events which constrain) which is evaluated below.

The effects of the eonetraint criferia are somewhat more difficult

to evaluate. The effects of the M* and GM¥ cuts would be easy to
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4

calculate if‘these measures of the kinematic and ionization fits were

in reality chi-square distributed. The relevant errors are not gausian

distributed; honever, but have proportionately greater taile to their

distribntions than expected, so that the related "chi-square"kdistributions'
{

also have exessive values for large chi-sqnares. Further; the distributions

for different hypotheses overlap, and this effect--of "backgreund" events

also constraining to the reactions of intereste—increases'considerably |

nith enefgy nitn the increaeerf the proton contamination and of.the

multiple-neutral production cross-sections.

A determination of the fraction of good events lost in the cut on
the ienizetion meaeure, GM*, was made in a,fairiy straight-forward wey.
Samples of the etente feiling only the GM* test were scanned at each
energy to check the'ionization; and the percentage of geoauevents
estimated.' This was not a completely unambiguous procedure because the
FSD ionization measurenent should be more reiiable than that of a
scanner, eSpecielly in the 1.2 to 1.5 GeV/c momentum ranée.v'Only a
fairly smeli percentage of events fell within this ambiguons'catagory”
however. |

The effect_of the M* cut was examined in tne following ways:

1. The M* distributions at each energy wvere fit to chiQeqdare +v.
constant background distributiene, to obtain estimates of.the
excess of events in the tails of tne distributions. J
2. The effects of the following abnormal conditions‘in artificaliy_'
worsening the~M* distribution were studied: a) high TDAV--poorly
measnred events, b).off—momentum bean--since”the beam momentum
was edited in the constraint progrems, and ¢) XVTX near the end

of the chamber--where measurements were less reliable.:
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Table IV. mb/event normalization and cross-sections

for reactions 1-3 (4C, #°, n).

Momentum Reaction mb/event : G.E.S. g fmb)  '

v 2.95 4e (3.67 + .28)x1073 798 .93 + .25
n° 3.50 £ .35 850 .98 + .31

n 3.37 & .3k 15y .53 = .07

| | - 1805 6.4 £ .61

3.19: ke 1.73 = .12 | } 1683 2.91 + .21

n° 1.5% + .14 2195 .38 £ .31

n 1.%0 £ .13 ' Lol .59 = .06

L299 6.88 + .56

3.53 L 1.71 + .11 - 19k3 .33 £ .2k
7 1.60 £ .15 2280 - 3.64 + .34

n 1.4 + .13 : . 433 b3+ .06

' - h656 7.60 + .63

3,74 e} 2.96 + .15 1498 3.39 + .2k

7° 2.06 + .18 ’ 1851 3.79 + .35

n 11.88 =+ .17 ' - 488 B+ .09

| 3797 8.03 + .66

4.08 LC 2.05 + .1k 1383. -~ 2.83 % .21

| x° 1.78 .16 .. 2125 78+ .36

n 1.57 « .15 613 .97 + .10

' hio1 7.58 = .65

Combined “heo (h.22 ;1,3)x10'h ' 7305 3.09 + .10

) ° 3.84% .16 9301 3.57 + .15
‘n 3.48'¢ .15 - 2072 .72 + .03

N ' ‘ T.37 £ .26

18678
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3. A sample of film was completely remeasured so that.the effects
of measurement errors could be better evaluated.
From these, a figure for the percentage of éood events lost minus bogus
. events retained wéé determined ét egch energy for each of the three .
reactions. A -
The final values for ﬁhe mb/event ratios are given .in Table IV;

along with the cross-sections which these imply for reactions (1-3).
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IIT. EXPERIMENTAL RESULTS

The event samples and mb/event ratios having been obtained for the
three reactions of intérest, their cross—sections and invariant mass and
moﬁéntﬁm transfer distributions will be shown before proceediﬁg to a
more detailéd.analysié of the data. For the sake of completeness, these
disﬁributions are presented for.all incident momenta and for all possible
COmbinatiéns of.finél;state particles. " Invariant mass and momentum

transfer distribufions of course do not begin to exhaust the possible

,displays of the data which could'be made,bthe associated triangle plots

and Chew-Low plbts in particular might be of interest. Further expansion
of this section was not deemed prééticable; however, and a fgw of the
"most important"” triangle and Chew-Low scatter pldtslgppear'in Section
(V).

The cross-sections for reactions (1-3) are shown in Figs..(S and 7).
Values from other expefimehts are inclu@ed in order to give a better
undérsianding'of the eﬁérgy‘dependence of the crbss—sections.'rThose

found in this experimeht are seen to agree fairly well with earlier

work, at leastrto'withih the rather substantial errors involved.

In particular, previous results indicated the possibility of a

‘broad enhancement in the cross-section for reaction (1) in the region

L * _ : :
of the N (2850). This was supported both by the general trend of the

experimentai cross-sections aqd by sfrﬁctufevin thevM(ﬁ+p ﬂ+ﬂ-) invariant
masé distribution of 8 Gev/c ' p 6-prong events (Bardadin-Otwinowska

et al.gu). Quite striking confirmation of this has been'obtained,
although the‘eviaence is not co@pletely conclusive beéauseAOf thé large

experimental errors. Despite the evident arbitrariness of any attempt

to put a smooth curve thrdugh the experimental points and the difficulty
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in drawing a suitable background, this hés been done and is shown in
Fig. (6). Thé_resulting very crude estimate of the cross-section for
formationvof N*(2850) with subseqﬁent decay into n+p ﬁ+n- is exhibited
in the inset to'the figure. The resonance mass and width are seen to be
roughly 2800 and 200 MeV'reépectively, which are not unreasonably faf,
from the "8030" values of 2850 and 400 MeV. The height; howéver, is
surpri;ingly'large. It has.béen'estimated as about .65 mb, which is 84%

‘of the .77 £+ .06 mb figure of Citron et a1.33

for the N (2850) contribu-
tion to the total cross-section. Fﬁrther evidence for the N*(2850) decay
intd'ﬁ+p an” will'be seen in Section (B) in the n+p x'x” invariant mass
distributidnvbf the n+p % x® events.

The invariant mass and'momentum transfer distributions are exhibited
for each reacﬁioﬁ ih'turn in the sections which follow together with some
domments on théir general features. The five distributions corresponding
to the five incident momenta are aiSpiayed in perspective for every

~variable, with the number of events iﬁ the highest bin displayed fbr éach
histogram. Their sum is presented separately, ﬁith phase spacé curves
(éméll triaﬁgles) included to giVe some idea of what a "backgroﬁnd" might

resemble. Alsd, for reactions (1) and (2) an effort has been made to

o *Ho‘ . . ) .
and N ' w® production respectively (dots, with

. take into accéunt N*++p
interpoiated'solid curve ). 'Sinée there are substantial différences
- between the kinematic limiﬁs at the lowést and highest incident,ﬁomenta,
the background curves are not drawn for.somé average momentum but are the'
weighted sums of tﬁose generated at thevfive'momenta. |
No differentiation is made between (aﬁong) the two (three) outgoing
positive pions éo that for some distributions more than éﬁe combinétionv

must be histogrammed. For uniformity in normalization this is done for

all the distributions. That is, in reactions (1) and (2) the curves
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are normalized to twice the number of events and in (3) to three times
the number of actual events. Hence for an event contraining té

reaction (3), invariant masses of tﬁe three distinct ' n combinations
are histogrammed in one distribution, and in another the unigue value

of M(x n) is histogrammed three times.

+ + o+
A mp2 nupnx

Reaction (1) is the lone four-constraint (bCc) fit reaction of the
three (having no missing neutfal); and as such its event sample isvmost
" to be trusted as free from spurious events. There are 7305 events in
the entire sample divided 798, 1683, 1943, 1498, 1383 at each of the fivé

ihcident momenta_respectively. Its invariant-mass and momentum-transfer
distributions aré shown in Figs. (8-15). There are four 2-body and
three 3-body combinations possible, notvdifferentiating between the

tﬁo n+'mesons; and hence five momentum-transfer distributions.

The dotted curve is tﬁe phase space prediction, and the so0lid line
ié.a combination of 40% N*++p° with 60% phase space. The N%++p°
contribution is obtained from 100 000 events Monte-Carloed_éccofding
to;hése sbéce'ﬁimes e8tP:N* and weighted by 1\1*4"+ and p° Breit-Wigners, -
with the p° decay cosine (helicity frame) further weighted as 1/2
(1+.6 cosb + .25(3 cosge-l)) to take into partial account the observed

. % ,
p° decay anisotropy and asymmetry. The N T and p° parameters are

D

N

N = |

given in Section (IV), their masses and widths being based on the . - .

: *
UCRL-8030 values--i.e. N (1236, 120), p° (770, 130).
e ° : R + F - i .
N ' (1236) and p°(770) production in the n.p and n n distributions
respectively are the most dramatic features of the invariant mass

distributions. Aside from an £°(1260) peak in the x'n” aistribution at

the higher incident momenta and a rather striking peak at about 1700 MeV
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Fig. 8. Invariant mass and momentum transfer distributions of
reaction (1) for the five momenta, in events/10 MeV((MEV/c)Q),
with the number of events in the highest bin being given for

- each histogram.
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Fig. 9. Invariant mass and moméntum traﬁsfer distributions of
reaction (1) for the five momenta, in events/10 MeV ((MEV/C)E),
~ with the number of events in the highest bin being given for
each histogram. ' :
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Fig. 12. Invariant mass and momentum transfer distributions of
reaction (1) for the five momenta, in events/10 MeV .((MeV/c)?),
with the numbér of events in the hlghest bin being given. for
each histogram.
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_ in the x'x p distribution there is little other structure unambiguously
rassociated with khownlresonances. In particular the three pion
invariant masé distribution gives a rather confused, albeit enhanced,
signal in thé "A" region. Whén viewed against the "background" curve
a shoulder in the Al region and a broad A2 stand out prominently but
certainly not with the narrow widths credited to them in the "8030"--
i.e. of 80 and 90 MeV resﬁgctively.
| The véry peripheral nature of the procésses involved in this
reaction is evident from the momentum transfer distributions. Low
values of the momentum transfer to the ﬂ+p énd ﬂ+ﬂ+ﬂ- systems are
especially févored, but in all cases the disiribution of momentum
transfer between initial andlfinal'iarticles" of like Baryon number is
sharpiy peaked. Of course, these distribuﬁionsare not independent.
Because the proton is so much more massive than the pion, forward peaking
‘in one disﬂribution automatically requires a certain émount of forward
.peaking in the others. For exaﬁple,-the propagation 6f peaking in the .
tp,ﬁ+p distribution to. the other momentum transfer distributions is
clearly seen in the N*p° contribution to the baékérouﬁd'curves of
Figs. (11 and l5)f’i'é' in the différence betweén the dottgd (phase

‘ e v
space) and solid (phase space + peripheral N-p) background curves.

+ + - o
B. np= npnmna’’

Reaction (2) has the largest cross-section of the three reaétions.
The event samplé was composed of 9301 évents; divided 850, 2195, 2280,
1851 and 2125 respectiVely at the five incident moménta. Theré are
seven 2-body and 3-body combinations, and four h-body:combinations
possible and hence eleveg momentﬁm transfer distributions. The invariant

mass and momentum transfer distributions are shown in Figs. (16-34).
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Again, phase Space is 1ndicated with 8 dotted line, and a solid line is Q»;"'

drawn representing 80d phase space and 20 N production (with an
3t ‘
e P'p dependence).
¥t - o o . ' 4+ e S
N ' (1236) and w°(783) production. in the n p.and n x x° invariant -
mass distributions are the moSt striking features of the data. Other
structure is present in the invariant mass distributions,_however. In?lﬁs
particular production of n(549) is a well differentiated, if small,;
effect in the n'n x° distribution. All of the two pion distributiqns,:r
- except M(ﬂ+ﬁ+), show a pronounced hump at about 770 MeV indicating‘the?
presence of substantial p(770) production. ‘There is also some evidencej
of the B(1220) in the four-pion distribution. Some work on the B mesons
has already been published,3h as well as & brief paper on the H |
enhancement,35
A further interesting feature of the mass histograms is the small
‘:"blip" at the upper end of the M(n p - 7) aistribution mentioned

previously. Unless &ttributable to some possible contamination effect,

this seems to give further evidence for the decay of N (2850) into the;¢

The peripheral character of the reaction is egain attested to by

f‘{the sharp forward pesking in the momentum transfer distributions. It

is very noticeably.less marked, however, than for the distributions of gﬁlﬁif
" reaction (1). The maximum peaking, in terms of an equnential SIOpe,::{if'

; t
corresponds to less than an e3 dependence.

+ + + + - ' BN
C. np2 xxxmnn N _ v

Reaction (3) 1is distingnished by having three %" mesons among the
five final state particles, so that for distributions involving one or

two n+, three combinations are possible for each event. This would tend
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to smear out any structure which might be present, as would the présence
of a considerable éontamination (~10%) of mis-constraining events.
There are 2072 events in the entire event sample with 157, 421, k433,
Lh8, 613 atvﬁhe“five incident %' momenta respectively. There are foﬁr
é-body and‘3—body, and three 4-body combinations possible, and hence :
eleven invariant mass and seven momentum transfer distributions. They -
are displayed in Figs. (35-46).

, N*—(l236) production in fhe % n invariant mass distribution gives -
‘the onlylvery noticeable mass peak, accqunting for about 40 * 8% of
the events. Otherwise the distribufions seem to.follow_phase space‘rathér
closel&. To estimate the percentage of the reaction associated with
N*i productién, the n_h invarignt mass distribution was fit to (Breit-
Wignér.+ coﬂsfant) X phase space. (The fdrm of Breit-Wigner used is

detailed in Appendix B). Not too surprisingly the results were some-

what unsatisfactory:
%o .

1) M, T free--Mo=l.238i.008 GeV, I _=2.50t.0M6 GeV, %N =45t3%,CL~=k0% . -

. . v ¥ - . .
2) I =-120 GeV--M =1.215t.003 GeV, N =35£2%, CI~1.4%

Different conventioqal forms of the energy dependent width -of the.B.W.

wefe uéed and gave similar results, none simultaneously yielaing values

near-those expeéted for poth M end T --i.e. Mo=l.2hh GeV,'Fof;lEO GeV..
Forward péaking in the f distributions is less pfominent'than'for

the other two reactions. Only the -tp - and -t distributions are

v s N p,n ]
appréciably different from phase space; and their peaking is not much
greater than that given by phase space weighted: by et. Of course

peripheralism in most of the other -t distributions would be obscured

because of the identical-n+ ambiguity, as mentioned above.
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IV. DOUBLE RESONANCE PRODUCTION

As noted in the previous section, reactions (1) and (2) are
dominated by double resonance channels, in particular by N*++p° and
N*++w° production respectively. These processes are of special interest
because they are relatively free from background, and being quasi-two-
body final states are subject to the traditional, fairly straight-forward
methods of analysis. The additional final states of N '£° and N ' n°
share these qualifications, although they are produced less copiously,
and will also be considered in this section. The relevant triangle and
Chew-Low plots for reactions (1) and (2) are shown in Fig. (47) and give
an indication of the prominence of these double resonance channels?8

The analysis of these reactions divides naturally into three levels
of sophistication. Treated as strictly two body channels the relevant
variables are the masses of the two systems, the momentum transfer from
the incident to the outgoing B = O (or equivalently, B = 1) "particle",
and the total c.m. energy. In this regard, the various momentum transfer
distributions will be studied at some length and they and the respective
cross-sections examined as a function of c.m. energy. Next, recognizing
that the final state particles are unstable, the decay angular
distributions in the appropriate rest frames are of interest. The
particular parameters singled out in the following are the decay density
matrix elements, in the helicity frame (shown in Fig. (48)). Finally,
the possibility of correlations between the two decays is considered
and the joint-density matrix elements examined.

Aside from presenting the experimental distributions there will be

some comparison made of these with the theoretical predictions of certain

one-meson-exchange models. In particular the one-meson exchange model
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Fig. 47. Triangle and Chew-Low plots for the di-particle
systems of reactions (1) and (2) corresponding to the
double resonance channels being studied. All events
are plotted twice.
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with absorption (OMEA) of Jackson and a form factor approach suggested
by G. Wolf (OMEW) are used. The OMEA is especially useful because it
may be used to predict the density matrix elements as well as the
momentum transfer distributions. Following a suggestion of Jackson,25
it has been altered slightly to take into account the effects of the
finite widths of the resonances concerned. A brief description of
these models and of the extraction of the parameters used with them
is presented in Appendix (D).

It should be noted that t%e reference frame used here in the
description of the decay distributions is not that commonly employed.

It is customary to take the z-axis along the direction of the respective
incident particle in the decay particlets rest frame. However, the
helicity states (which constitute the basis used for the density matrix
elements) are most easily described using axes with z along the direction
of the transformation from the c.m. to the decay c.m. frame. The
transformation which customarily is then used to rotate the density
matrix into the canonical system is dependent upon the values of the
masses of the final state particles, and is hence the source of some
inconvenience and confusion when the finite widths of the resonances

are taken into account. TFor ease in comparing the density matrices of
this with other experiments, the experimental values are given for

both systems.

One complicating aspect of these double resonance channels is the
presence of the two positive pions, with one being assigned to each of
the two final-state systems. This is a complication in two respects:

1) It introduces an ambiguity when both combinations lie within the

Kot
(

chosen mass bands--e.g. M(x "p) and M(x +p both "make" an N 1236)
1P 2
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and M(H2+ﬂ—) and M(ﬁl+n_) a p° meson. 2) It increases the difficulty
of estimating background when the reflection as well as the tails of
the process enhance the neighboring region of the triangle plot.
Fortunately, the peripheral nature of these reactions enables one to
differentiate between the positive pions in a fairly reasonable manner.
In this analysis the '"correct" combination for the small percentage of
ambiguous events has been chosen on the basis of the smaller momentum
transfer.

Evidence that this is a reasonable procedure is presented in Fig.
(49): Choosing the combination with the smaller momentum transfer is
seen to enhance the N*p and N*w signals. These problems are discussed
further with reference to the individual reactions in what follows.

+ e+
A, np-> N p°

N*p production accounts for roughly 40% of reaction (1). Its
magnitude is seen in the g = ﬂ+p triangle plots of Fig. (50) and
its highly peripheral character is obvious from the Chew-Low plots of
Figs. (51 and 52). It is thought to proceed primarily via a pion-exchange
mechanism, and detailed comparisons will be made between the experimental
results and predictions of the one-pion-exchange-with-absorption (OPEA)
model of Jackson (as described in Appendix (D)). As will be seen, the
model describes most aspects of the data fairly well.

The N*p cross-sections were estimated from fits to the triangle
plots of Fig. (50), with an attempt being made to represent the back-
ground with something slightly more realistic than pure phase space. A
Monte Carlo program (Appendix (C)) was used to generate events according

to six possible final states:

= *
1) n+p > xp 2 (phase space) 2) n+p O (e8t)
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Fig. 50. 'rr+p %% triangle plots for reaction (1) for the
individual momenta and their sum. Both combinations
are plotted for each event.
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*t++ o (e7t)

3) a'po N TE (%)

L) ﬂ+p - p Al
o

+
TP

5) n'p > pA2 ) 6) x'p o n+N*+(17ggz (5%
np° N

The resonance parameters used are based on those in the January 1968
UCRL—8O3O27 and are listed in Appendix (B). The events were generated
having the exponential momentum-transfer dependence shown in parenthesis
(in the momentum transfer variable appropriate for each reaction) and
then weighted according to resonance Breit-Wigners. The ﬂ+ﬂ_-—ﬂ+p
scatter plots of these events were used in fitting the corresponding
data distribution at each energy.

In interpreting the results of this analysis one must note the
following: 1) Only the w n --n p distribution was fit, so that the
resonance parameters and relative fractions of the latter three reactions
are not to be taken seriously. They are only included in order to
better parameterize the background. 2) The weighting of the (100 000)
Monte Carlo events of the respective reactions resulted in the effective
number of events in each fitting distribution being comparable to the
number in the data distribution, so that the theoretical errors are
important in lowering the chi-squares. Therefore, the only parameters
in which one may hold a reasonable degree of confidence are the fractions
of N*++p° and N*++f° production and, to a lesser degree, the total
fraction of N ' and p° present. These are shown in Table (V), and in
Fig. (53) the corresponding cross-sections in millibarns are plotted.

Since the relative fraction of N*p is found to be nearly constant
with energy, the structure of the N*p cross-section is just that of the
total 4C cross-section. With the same reservations expressed previously,

*
this leads to a peak value of .25 + .1 mb for decay of the N ++(2850)



. Tablé'V;' Results of a fit to the éxperimental ﬂfn: -- n+p triangle -

plot with events Monte-Carloed according to the six

hypothetical reactions mentioned in ‘the text.

: o ' N*p and N*f N* and p
Momentum : "Background" Reactions (%) N - - Production (%) Production (%)
GeV/c CL ~  P.S. Al(p)  :22(p) NN . Np S N o
2.95 .96 0.0t16.6 ,15.012.6 8.uxlh.2  32.1#2.4 - 43.h2.1 1.2¢4.3 76.7£5.4  66.8+5.4
3.19 .05 7.2t5.6  8.3th.5  9.6#3.h  34.2¢1.9  39.3¢1.1  1.k#3.9 Th.oth,5  57.2%5.7 Q’;
3.53 5k B8.lth.s | 7.3:&.0- 13.5£3.0 %6.8:2.1 40.4+1.6 3.6+2.4 70.8+3.8  61.2¢5.2
3.7h .98  10:9+3.5  10.1*3.2 1i.8¢2.3’ 20.8t2.2 41.9¢1.2  L.6£1.7 67.3t3.0  63.8+4.1
4.08 .91 - 11.4+3.8 - 12.5:3.4 - 13.613(& 17.0x2.7 39.5+1.6 5.9+2.0 62.4£3,7 65.6%5.1
Combined 1077 12.8#1.8 .- 10.1*1.7 - 10.121.7  24.3t1.3 - 39.2+.7 3.6x.8 67.1£1.7

59.42.5
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53.. Cross-sections for N p and N f production and for
‘production of events within the N*p‘and.N*f mass regions.
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into N*++p$.. The N*f cross-section exhibits the expected near-threshold
ﬁehavior, not being pfoauced copiously until low momentum-transfer values
aré kinematically allowed.
For a more détaiied analysis of the N*p final state it was necessary
io choose-seleéfion criteria such that an enriched sample of N*p'events

would be obtained. Those events were taken with M(ﬂ;p) lying between

1.12 and 1.32 GeV and M(ﬁgﬂ—) between .68 and .86 GeV. Ambiguities

were resolved on the basis of momentum transfer--i.e. if M(ﬂgp) and

M(ﬁ;ﬁ-) also lay within the requisite mass limits, the COmbinatidn with
the sméllef momentum transfer from the proton to the Y e chosen.
That this is not a‘cdmpletely-arbitrary procedure is seen in Fig. (54)
where the invariant masses of the x x  and n+p combinations with the |
smaller and lérger momentum transfer are histogrammed. Clearlyvchoosing
the ‘smaller momentum transfer leads to enhanced N* and p éignals}
Further, fewer than 2% of the N'p events are effectéd sé thét there is
a minimal bias to the sample. |

Y'The distribution in'pfodﬁcfion angle is shown in Fig;.(55). The
extent of:phe’forward peaking is manifest, with ovér 60% of tﬁe events
lying ﬁithiﬁ the 5% of the cosf range greater than .9. Two.other aspects

of the data are noteworthy, however: 1) Thé "equatorial" region of cos@

is increasingly depleted as the energy increases. 2) There is a small

backward peak.at the highest momenta. - Part of (1) is of course accounted

for by'the.approximate eAt behavior of the forward peak which, for

constant A, requires shrinkage in the cos@ peak with dincreasing energy.
The effect persists, however, beyond the peak region. The percentage
of eVenté in each of five equally spaced intervals of cosf, at each

energy, is listed in Table (VI).
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} N N
Table VI. N p. Production Cosine Distribution -

‘Momentum. Total -1 <cos® <-.6 -.6 <cosB <-.2 - -.2<cosf K.2 = .2<cosB <.6 .6 <cosB <1.0

GeV/c - Number Number % Number % Number % Number % Number - %
2,95 - _26»8‘j 18 6.7 19 - 7.1 19 . 7.1 29  10.8 183 68.3
;3.19 515 2L ._h.l o 6.6 26 5.0 | 0 6.0 ,463 78.3
3.53 553 20 | 4.6 20 3.6 17 f,'3.1 b0 7.2 hsh 2.1
3.7h k21 12 2.8 13 . 3.1 13 3.1 19 b5 - 3Bk 86.5
4.08 358 1k 3.9 3 .8 s 1k o1 32 325  90.8

ALL 2115 87 . L.l 89 u.é‘ - 80 3.8 130 6.2 1729 81.7

-€8_
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In terms of the momentum transfer (Fig. (56)) the most prominent
feature of the forward peak is its nearly constant slope on & logarithmic
scale. Table (VII) gives the results of the fits to this slope using (a)
a conventional chi-square fit to the -t distribution and (b) an analysis
based on the first two moments of -t -- i.e. <-t> and <t (Appendix (E)).
The. interval .2<-1<.5 (GeV/c)2 has been uséd, since the boqndary region
:eXtehds to .2 (GeV/c)gx(at the lowest momentum), and a marked change in
| fhé élbpe occufs at aboﬁt ¥5 (GeV/c)e. The average value ofvthe élOpe
v is fbuhd to be éboht.7f3 + .5 and 7.5 + .5 (GeV/c)—g by the two methods.

There is some siight e#idence for shrinkage in thebdata --‘i.e. for
"A" being ah increésing function bf inéideﬁf momentum, as the fitted
value increases"fmm 6.1 to 7.8 (GéV/c)_g in the interval s£udied. The
evidence is hardly conclusive, however,'since the highest value occurred
ét the Céntral momenta and all of the values lie‘within errors of th¢
average valﬁé.28 'Further; the-values‘obtained for the centrai region
of the N*p (1.17<M(ﬁ+p') <1.27 GeV, .725< M(ﬁ+1r_) <.815 GeV) do not
demonéfrate.such a trend;.althouéh ﬁhis is not'sﬁrprising.in view of
the.large érrors_accompaﬂyiné them; | |

Alﬁhough"a, simple exponertial Fits the data quite well between .2
| and .5 (GéV/c)g, outside. this range of -t there are important’diSQrepancies;
In the vicinity of -t = .5 theré is a radical change in slope (from A = 7.3
to A =2 (Gev/c')'g'and perhaps even a "dip"; Of course, in the tailv of
the distributidn.it is quiﬁe pdssible that backgrouhd effects may bé
domihant;. The‘definitely periphefal nature ofvmucﬂ'of the;baékgrouhd
considerably lessens the dangef, hdwevér; thaﬁ it will'be Very much
proportidnately’greater at higher than low -t values.

The curve superimposed on the -t distribufion of Fig. (55) is that

given by an exponential distribution with A = 7.3 (GeV/c)-g, integrated



Table VII. The.logarithmic slope of the momentum transfer
distribution from a) chi-square fit to the -t

distribution, and b) a fit to the first two

moments of t -- .2 < -t < .5 (GeV/c)E.
| Method - () Method (b)
 PInc. B AN*p CL | 4 AN*p AN*p(ééntral N*p)

Gev/g- (Gev/c)'2 : (Gev/c)'2 N (Gev/c)™2
2.95 | 6.1+ 1.3 1 6.6 o 9.8
3.19 6.9+ .9 1 7.2 _ 7.1
3.53 8.3+ .8 1 8.2 - 6.6
3.74 7.1 1.2 .1 7.4 | 6.4
4,08 7.8+1.0 1.0 g 8.8

ALL 7.3+ .5 .25 75 ' 1.8
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over the N*p mass region (weighted by resonance Breit-Wigners) and
summed over incident momenta (weighted as the number of events-for
;2<;t<.5 (GeV/c)2). It illustrates the goodness of the exponential fit
above the boupdéry‘region and its complete failure within thétregion.
In the region whefe the opération of the kihematic limits woﬁid be
‘__su?posed tb reducé thelcroés—section,'thé experimental points lie in

7.3t

fact well aboVé the extrapolation of a straight e dependence. For
thé region O<-t<.15..(Ge\-/’/c)2 the experimental distribution contains 68%
more events than predicted by,thevexponential fit. Of course, theoretically
vfhis is not uhekpected. Both OfEA.and OPEW models predict distributions
which are mbfe-than-expénentially péaked in ~t. The data amply confirm
this.

: As séen:above, momentum transfer is an inconvenient variable to use
when wide resbnanées ére.studied because many of the events occur in
the ﬁboundary" region where interpretation of the data is difficult. In
ofder.tb obviate this_difficulty it has become_fashionable fecently to
: ﬁée‘thejVariébié,'t’ - |t-tm;5| vwhere t . is caléulated for each event
andﬁisvthe minimum valﬁe -t could assume, given the masses of fhe-two
final state systemé for that event. Fig.'(SY) gives exberimental 1’
‘distributibns'together with the résults of an exponenfial fit to the
data. ‘An exponential in~t‘ was also fit to each QOentum'separately,
- and the results are shown in Table (VIII). The fité are quite good all
the way from t’ = 0 to .2'(GeV/c)2 and vary little from energy to energy.
In the very forward direétion, from t* = 0 to .05 (GeV/é)Q, the values‘,'
df A bbtained.are poorlyvdetermined but defipitely gfeater than those
for the larger range of £, Thﬁs, neifhér the t nor t"distributions

lend credibility to recent predictions of a "turn over" in do/dt at
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Table VIII. The logarithmic slope of the t*

distribution for two intervals of t’.

0<t < .2 0< t’ < .05

PIng-' Ak, » CL o CL

Gev/ec | (Gev/c) v - (Gev/e)

2.95 12.7 = .7 .5 . 15.6 = 4.5 .6

3.19 - 12.2% .9 .2 13.0 6.6 .6
'3.53. | 11.6 + .8 5 10.0 = 4.0 .25 °
S 3k 11.3 ¢+ .8 .9 o '.'1l+.9 + 4.8 .9

k.08 S 12,6 ¢ 1.1 .25 ' | 24,0 + 4.8 . .65
ALL 1.8+ 4 6 k6

2.0 1.0
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sma1l t.%

In order to compare the momentum transfer distribution of Fig. (%6)
witﬁ OPEA and OPEW predictions, the exPerimental distribution must be
suitably normalized. Both the baékground events within the mass cufg
and -the N*p tail outside must be taken into account before applying the

mb/event ratios of Table IV. The 5ackground was estimated with the aid

A'of the Monte-Carlo eventé previouslyvused in fitting the n+p -—_ﬁ+ﬁ-

. A . . _ ' , %
triangle plot. These were screened with the N p - selection criteria to

defermine the percentage of fhe‘fivé "packground reactions" which would
éontéminaté thé N*p saqple. This, together with th¢ resulfs of the fit
(TablevV), yiéldéd a figﬁre-fdr baékground{ This was aiso done for tﬁe
N'p central region (725 < M(x*x") < .815 GeV, 1.17 < M(x'p) < 1.27 GeV)
and fbr a bébkgréund doughnuf "control" region surrounding the N*p region
(outer limits: .50 < M(x'n") < 1.0k GeV, .92 < M(x"p) < 1.52 GeV). The
values obtéined‘for the percentagé of events'accounted for by N*p
productiop in each of these regions is givén in Table IX.

Iaeéiiy tﬁe:moméntum ffansfer distribution shouldAnot just be
multiplied by the simple—scale féétor obtained above, sinée the background
distribution 1is not expected t§ be'identical to that for N*p pfoduction.
Because of the substantial widths bf therresonances_involved, and the
mass aepgndence of the -t distribution, however; such special corrections
were considéred highly speculative and were ignored. Aisq, a factor for
the;"téil” éontribution was not used in hormalizing do/dt: as with the
theoretical curves, dg/dt is given for-N*p production within the stated
mass limits. . |

In Fig. (58) OPEA, and OPEW curves are shown wifh the experimental

distribution. The curves are the weighted averages. of curves for the
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Table IX. Percentage of N*p production in four event samples
T : ¥ - .
a) N p cut: .68 < M(n+n ) < .8 Gev, 1.12 < M(x"p)
*
< 1.32 GeV; b) Central N p: (subset of (a)) .725 <
M(x ") < .815 GeV, 1.17 < M(x'p) < 1.27 GeV; c)
% ) ) -
N p background: (Outer limits) .50 < M(n+n ) < .104
GeV, .92 < M(n+p)'< 1.52 GeV (The inner limits are
: *
those of (g)) a) N pg CUt: (same as (a)); and, for
(a) and (b) ((c) and (d)), if both combinations lay
within the (a) ((c)) region, that with the lower
-t_ 4 was used. ' '
p,'p
. (a) Ol @
. * . * * *
Momentum Nop Central N p N p background . N pB
Gev/ec % 5 % %
2.95 72 80 .35 T2
3.19 73 80 o 3k 73
3.53 7 - 83 o 39 7
3.7k 79 85 L2 79
4.08 79 8 : w3 80
Combined

G 82 37 76
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| N - ) : * R ' - g *“. )
Fig. 58. dg/dt for N-p production in the N p mass region
showing OPEA and OPEW predictions as well as the
. -experimental points. ‘ a
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.five inci&ent momenta (weighted‘éo the area under each curve, for the
regioh O<-t<.5 (GeV/c)g, was equal to the number of events in that region
. ét the correépbﬁding momentum). Also, the OPEW curve is multipiied by
.78h-(the background corréction factor), since it seems to fit the data
much better without a correction for background. Only the form factor
approach seems to yield a sufficiently steep slope for do/dt, alﬁhough
the OPEA gives a fair approximation to experiment. Further discussion
of these;ﬁodels is given in Appendix (D), and as noted there the OPEA
predictions are down by aboﬁt a factor of three from those obtained by
assuming the N and o to be stable (zero width) particles.

For the_analysis of the decay distribution we use the formalism
given by Donqhue26 and parameterize the N*p joint distribution as

follows:

W(Qc,$c,Gd,Qd)=L/l6ﬂ2Ll+L/2(l-3pgo)(l-3coseec)-l/2(l-ho§3)(l-3cosged)
+Rg (l-3c0529c) (1-3éos29d)

c 2. c ‘
- ; vz ; N
| 3»(pl’_151n 6,c0s 2p + V2 p, sin 26 cospc)

a .2 a .
-2 V3 (p3,_151n 64 COS 4 + p3 ,8in 26,5 cos$d)
, - 2 a2 / . A '
_3 (1-3 cos ed) (R9s1n 6 cos 2 + 1/V2 R, ysin 26c c°9$c),,

: 2 . 2
- V3 (1-3cos 6,) (Ry,sin"6, cos 2p, + R

d 12

sin ged coscpd)
+3 /§_(sin26Csin29d (Rl3cos (2$c+2$d) + Ry ) cos (2$c - amd))
+ singecsinEGd'(Rlscos (9$c+ wd) + R16COS (3$c - @d))
+ l/V§-sin‘290sin26d (R17cos(®c+8pd) + R gcos (¢c - avd))’

+ l/Vé—sin‘EecsinQQd (ngcos($c+ @d) + R, 008 (@c‘- @d))]

a) ec, @c’ Gd, @d are the decay angles in either the helicity or
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: : o ¥4+ X *
Jackson frames for the p° and N respectively (c=p, d =N ).
b) pzj is the real part of the ijth density matrix element for the

R particle.

c) The Ry

in Appendix (D). The above distribution is given in terms of orthogonal

- are combinations of joint density matrix elements given

bu£ noﬁ orthqnbrmal funcfionsvénd the terms in de ;onstitute the decay
distribution of the ath"particle. The.d?jvand Rk have been experimentally
determined, by the methddvbf moments, and are diSplayed.in the figures
‘whiqh follow.

' The_joint-decay parémeférs afé plotted as a function of momentum
transfer in Fig. (59 aﬁd 60) for the helicity frame and given in Table X.
The OPEA prédictions are shown and seen to agree with the general
features éf thé.data, at least'atbsmall momentum transfer. The
eXpérimeﬁtal values are listed in Table XI for the individﬁal momenta,
and for the parémeters as a function of t’ rather than of t in Table XII.

A crude attempt has beéﬂ made to take into account;the background.
Given two reaétidns, A and.B, and twolmQSS regions 1 and 2,,with N? the
'number of events in region i of reaction O and Az a dénsity‘matrix‘

velement'correSponding to these events, then:

N = NA A +'NE p? N = Nﬁ + NB

1P TP 1 2,
A A BB | 5 B
Ny by = Ny 0 + N P2 Ne_"NéJ’Nz

Then, to the extent that p, for & given process, does not depend upon -
the mass'region for which it is obtained, one may slee for pA'(or pB) -
in terms of the expefimental parameters pl and. p2 and the percentagés.

of the two reactions present in the respective regions.
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Fig. 60. N p joint decay parameters as a function of momentum
_ transfer, with the OPEA predictions being indicated by the
solid (dotted) curves, for Rg8 - Rjg ((A)-(I)) using the solid -
curves, and Ry7-Rpp ((¥)-(I))using the bare error bars and
dotted curves. v
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Table X. N p decay angular distribution parameters,
(all momenta combined).
Parameter O<-t<.l —.1<-£<.15 .15<-t<.2 .2<-1<.3 .3<-t<.5  .5<-t<1.0
‘c
P0o,0  .791%.0kk .690+.036 .608+.049 .558+.048 .323t.05hk .295+.047
pi,;l .016+.028 .05ui.02h -.150+.035 -.i38i;034 L217+.041  .056+ .04k
P10 .117¢.025 .192+.020 .200t.031 .177+.028 .080%.035 .055%.031
p%,g .117+.032  .15+.027 .182t.036 .230t.034% .252+.039 .367t;o3u_
p§,-1 .003+.030 -.088+.025 -.129%.034 -.122+.031 -.004+.039 -.011t.0kl
p3,1 .130£.031  .160+.027 .154+.040 .114+.036 .068+.042 .054%.035
Rg .255+.089 .095+.070 -.010+.082 -.142+.079 -.034+.083 .062t.078
R9 .015+.034 .014+.029 .097+.043 .101+.042 -.016%.048 .069+.0LT
R0 -.164+.062 -.166+.050 -.066+.079 -.001%.068 .033t.072 -.002t.067
Ryy. .002+.081 .202+.065 .226+.084 .052+.082 .113+.079 -.137+.087
R12 .126+.,090 -.309+.072 -.156+.099 -.035+.091 .099+.098 .055*+.072
R13 .114t;oh3 .01k+.036 .136+.051 -.072+.053 -.020+£.072 .004%.073
Riy .016+.045 .008+.038 -.006+.051 .039t.051 .172t.074 .12L4+.069
R15 .010% .04k ,096+.041 -.039+.061 -.029t.054 -.062t.075 .262+.061
Rig .095% , Okl .oSei.oho -.147+.061 -.139t.052 -.015%.077 -.016% .066
R17 .119+.078 -.072+.066 .171+.097 -.019+.091 .120+.105 .10L4+.108
Ris .011+.077 -.187+.066 -.262+,099 -.258+.085 -.101+.104 .002¢.106
319 .128+.089 .028+.072 4.136:.107 .160+.091L -.051+.102 .093*.093
Rao L149+.090 .215+.073 .292+.105 .350+.088 .O37i.ll3.-.001i.100 -
(Jackson Frame)
98,0 826,052 .671+.047 .625£.05 .276+.046 .199+.0% .586%.037
pi,-l .041+.031 -.081*.033 -.066%.039 .O47+.043 .O47+.035 -.000%.026
pi,o .058+.031 -.125+.029 -.004%.035 -.054*.032 -.063.022 -.0LT+.022 ‘
°5,3  .0ko:.040 .084t.035 .208:.040 .106%.040 .288+.027  .19kt.026
pd,-l .047£.,032 -.037£.030 .021*.039 .088+.036 .036%.030 .02l.025
°3,1 .012t.036 .008+.036 -.036+.041 -.075+.035 -.074+.028 .018+.026
Rg .435+.120  .393+.091 .110+.103. .154+.084 ,082t.058 .212+.066




Table XI. N p decay angular distribution parameters (helicity frame) in the ‘three
-t intervals: a) 0.<-t<.15, D) .15<-t<.30, c) .30<-t<1.0 (GeV/c)Q.

- Momentum 5,0 1,1 1,0 | °§,3 P31 03,1 Rg

2.95 a. .That . 092 .001+.055 .207+.046  .157+.072 .055t . 066 L113+.062 . .373t.202
. " b. 549t .,008 . -.132t.072 .106+.057 .288+.071 .119+.068 .157+.065 C-.036%.172
c. .166+.104 -.17k4+.092 .oBur.o7b .357+.075 .00+, 092 .050% . 084 .06L+,160
3.19 a. 823+.061 .-.041+.039 .1h45¢.037 L0744 .0L48 .072£.039 L122+, 047 .307£.139
b. .623t.069 '-.188¢.ou5 .270£.038 .161+.048 .122+ .04 .179+.051 .098+.,117

c. .334+,068 -.0891.661 .005+ .06 .293+,049 .0ko+ 052 .052+.,050 L1044+ .111

3.53 a. .736%.054 -.032+.036 J1k43+,032 .2hot 036 .015+.038 .108+.038 L0568+ ,09%
b. - 686,068 -.127+ .04 .146+.041 . .301+.045 .223+.045 .094+,052 .139+.110

c. 438,075 -.127£.055 L1b41+ . 046 .312+.051 .O23i.059. .058+.057 .068+.118

3.74 a. 704,059 -.016+.039 .160% .033 .135+.043 .098t.oué .182¢ . Olk .065+,108
b. L7+ 072- -.117+.061 .232+.049 .187+.057 .035+.054 L1h3+,061 .103+.121

c. .206%.071 -.069+.068 ,0Lox . 049 .322+.,0% .061+.059 L1644+ ,056 .159+.117

4.08 a. :663i.06l - -,083t.042 182+ .03k .06h+ oLk .066+.,038 .203+.044L .300%.120
b. . 498:.080 ©  -.135:.061 .221+.053 .090¢.059 .082+.,052 .085%.076 .032+.131

e, .289+.088 . - .135i}o83 .102+ .05 .310+.071 .016+.070 .012+ . 066 .010+.145
AIL  a.  .731*.028 . -.038+.018 .162+.016  .140:.020 . -.051%.019  .148+.020 .160%.055
b, .582+.034 -.143+ 024 .201+,021 _(208:,02& '.125i.023 .133+.027 .081+.057

c. .308%.036 -.071+.031 L067+.023 .313t.026 .008t.028 .061+.027 .017+.057

-66-



Table XII.

* .
N p decay angular distribution parameters,

-100-

as a function of t’ (all momenta combined).

.089

Parameter 0<-t<.02 .02<-t<.05 .05<-t<.l JI<-t<.2 L 2<-t< 5 L 5<-1<.0
98,0 o826 .0kl 742t .043  .599t.043 .530%.0L4k .3671.0&5 .232+.050
PT,1  .Obk:.028 -.067+.029 -.157+.029 -.140%.034 -.180+.033 .1hk+.0LS8
pf,o .110£.025  .17ht.025 .234£.024k .196%.027 .054%.029 .09%+*.031
D%,3 .078£.032 .17h+.033 .195+.030 .207+.032 .261+.032 .372t.037
p%,-l .028t.029 -.050+.031 -.112+.029 -.119+.030 -.013+.032 -.018+.0Lk
9%,1 .087+.034 .189t.030 .207+.032 .082+.035 .055:.034k .076%.039

- Rg .275£.091 .145:.088 -.012t.07L .148r,o72 .006+.070 .033t.080
Ry .055+.033 .006%.035 .099t.035 .110+.041 .009+.038 .007+.052
Rio L145%,062 -.167+.063 -.175£.062 .05ht.066 -.005+.060 .010+.067
Ri1 .054+.083 .186+.078 .160:.076 .15M4.076 -.OLT+.067 -.062%.095
f12 161+ .09 -.263t.086 -.338:.083 .063:.084 .103t.078 .0lkt.079
R13 LO77+£.041  .O76+.04h4 .Oh7+.046 -:0LO+.0L9 .024+.059 .018+.081
Ryy .020.042 -.058:.046 .054t.046 .070:.047 .149t.060 .OSkt.077
R15~ .032£.047 .036+.045 .032£.050 -.006%.053 .020+.061 .290+.066
R .07kt .047 -.080+.046 -.097+.048 -.168+.053 -.026%.060 .031*.073
317 .069t.077 -.016+.084 .052+.079 .003t.086 .178+.087 .000+.115
Rig .088¢.078 -.116+.083 -.186+.078 -.288:.082 -.087+.085 .028:.116
M9 .195:.091 -.007+.087 .242t.086 .099%.088 -.026+.085 .095%.101
Roo .093+.094 .278+.085 .269+.085 .34L+x.087 .020£.095 -.043+.099

(Jackson Frame )
pg,o .855+.,043  .839£.039 .822t.041 .70L4+.046 .561+.045 .187+.049
Pf,-1  .058+.027 -.018t.026 -.0b5:.026 -.053£.031 -.084+.033 .122¢.0k8
pf,o .024+ ,026 -.058+.029 -.0L4O*.027 .114+.028 .015+.029 -.091+.031
p%,3 .057+.032 .052+.032 ..oo6iﬁo33 .112+.034  ,204+.033 .190+.0kk
p%,-l .016£.028 .020+.027 -.003t.027 -.064%.029 .019t.031 .086%.040
p%,l .006+.035 .0k8+.034 .017£.031 .003+.034 -.028+.034 -.089+.038
Rg .335+.092 .h415+ .501+.095 i366t.o93 .115+.080 .167+.094
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B B -
N.p N N, p,N
17172 2271 B B
pA = = 5 s (for N‘;\_/Nl £ Né/Ng)
Nﬂz‘uéh
 Be, - B | §
A 271 172
d - srTam 0 4t WL -l-og

Corrected densify matrix elements have been calculated using this
formuia, with A being N*p production, B the background, and taking the
relative fraction of eéach from Table TX. These are listed in Table XIII.
This correction is séenvnot to materially alter the density matrix
elements. Since the matrix elements are functidns of the resonance masses,
the differences between the "cérrected" and "uncorrected" values ﬁay be
lafgeiy a conseguencé of their being obtained in different mass regions.
This is pérticuiarly true because of the large component of N*p "tail"
in the backgrognd region. |
It was noted several yeafs agolQ that the decays of the N*++ and p°

wére not independente but thét the'p°_decay cosine distribution was
differentvfof différént régions of the,N* decay cosine and.vice versa.
'This has led to a more gene;al interest in the decay correlations of the
N*p,system. |

| In gengral,~for a jointvdistribution W(ec,lwc; Qd, @a) no. correlation
between the two decays'OCcﬁrs.ifithe Jjoint diétruﬁutibn factors into a

product of individual distributions:

The N*p joint distributibn-is of the form:

2) w=k(1+5a°+5ads%rnm. 4y
, 17171 17171 43 713 i 7S

ZA T (9 s @5 S s @ ) (i)j = 1;3 k = M,Y)
k k 'k c c d d
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‘Table XIII. N p decay
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angular distribution parameters,

corrected for background (all momente combined).

Parameter O0<-t<.1  .1<-t<.15 .15<-t<.2 .2<-t<.3  .3<-t<.5  .5<-1<1.0
05,0 -8%%.082 .676t.065 .5h7+,085 L 467+.08k .250+.095 .2656+.08k
pf)_l -.008+.051 -.028%.045 -.166+.052 -.146+.060 -.253+.072 ‘10k:.077
p?’o‘ 175+ .048 _.2h7t.oh1 246+ .05 .136+.050 -.023+.052 -.029:,05L
p§’3 .039£.060 .184*.0h9 .183+.053 .25L%.059 .293+.058 .3%7x.052
pd .y -016£.053 -.122¢.0k6 -.126%.050 -.130+.055 .00L+.057 .027+.071
péjl .150t.0556 .175:.048 .137+.058 .092t.062 .020+.073 .01Qt.052
Rg .359+.157 .051%.129 -.137+.1L5 -.294+.137 .1191.1&8“ L0954 ,1L0
Rg  ..050:.051 -.035:.054 .169+.077 .150%.075 -.110:.08k .097+.083
Rio  -.272t.113 -.232£.095 -.073¢.138 .013+,119 .O7h+.12h 108 .117
Ri1 -.065+.143 - .292+.118 .ejgt.lhg -.033+.145 .172¢£.137 -.159+.15L
By -.035£.159 -.385¢.130 -.092¢.170 .1hOt. 154 .125£.173  .107:.130
' R13 .2kor 085 .034+.067 .170£.092 -.135+.095 -.084+.126 -.015:.128
Ryi -.o2kx.082 .018+.070 -.088+.09% -.063+.091 .255+.130 .205:.125
R15 -.025+.081 .10kt .O7L -Loh1¢.1c6'-.o69i.ogs .023+.130 .390:.112

- Rig -.087%£.080 -.069+.07L4 -.233+.109 -.212i;095 L010+.12h -,051+.116
‘Bi7  193¢.1M1 -.215:.126 .4L8:.185 .00k+.158 .156+.180 - .27h:.188
R18 .O33i:lh0 .367+.129 -.353+.178 -.3k2t.152 -.122¢.176 ..019+.178

) 319 -.200£.157 .075+.131 .165t.185 206,154 -.23L+.179 .270% 167'
Roo © .082t.159 .322¢.134 .320¢.182 .L60:.152 -.017+.101 .010:.171

‘ _ (Jackson Frame)

08,0 .956+.081 .884t.06L * .808+.000 .50h+.082 .55h+.095 - .2k3+ 083
P1,.1 ~+023t.048 .076+.0kk -.036%.055 -.082t.057 -.106+.059 .093t.076
pf’o 006+ .049 -,015+.042 -.033%.055 -.115£}052 059:.061 .00E%.055
p§,3 -.009t.059 .CLk3t.0h9 .058=. 59‘ .110£.061  .256+.070  .2ks=,070
pg’_l oh3i 050 -.0h0+.042 -.05k+.057 7.0h8i7052 .025t'066' 097+.05L
P3,1 028+.050 .059%.051 -.024+.056 .013+.063 -.011+.071 555,052
Rg .387£.161  .556:.137  .337+.20L LLo9r . 154 -, 0k1+ 20%=.152
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where the'A? and Bij are functions of the decay parameters and the fi

orthogonal functions of the relevént‘angles:

fl(e, o) = (1-3 cosee) fg(e, Q) = sin26 cos2p f3(e, ©) = sin28 cosyp

. 2 . 2 . o
fh(ec_¢c’ edf @d) = .51n ?c sin"6, sin2p  sin2p,
f5 o s sin Gc 51n26d s;nayc sing 4
T S sin20 sin29 sin- sinap‘

6 SR - e d P d
f ' - 5in20  $in26. sing , sing4

T . ‘ e a
From (1) and (2) the.conditibns which must hold if there are to be no

correlations are obvious:

The above thirteen equations determine a set of correlation parameters,
*° whose diVergence from zero would indicate the presence of decay correl-

ations. More explicitly,

¢ ' d. .
Al = 1/2 (1-3 o) A = -1/2 (1-4 p33)
c c a ' a
- A2 = —3 : pl, -1 A2 = -? @ 03’ -1
c . c d o= d
A3 = 3R e Ay = 2805,

and the correlation”parémeters are'defined as follows:

Q
il

' c a -
Rg = A1 A

a -
1

c ,d
- R9 + Ay A.1/3

A»/73

(@]
]

. C

37 Fro T A3
C

Rll + Al /V_

Q
=
i
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Fig. 61. N p correlation parameters as a function of momentum
transfer, with the OPEA predictions being indicated by the
solid (dotted) curves, for C1-Cg ((A)-(I)) using the solid
curves, and Cy-Cj3 ((F)-((I)) Using the bare error bars and
dotted curves. ' . :
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*
Table XIV. N p decay angular correlation parameters,

(all momenta combined).

Parameter 0<-t<.1l J1<1<.15 L15<-1<.2 L 2<-1<.3 L3<-1<.5 L 5<-1<1.0

.073t.101 -.006%.077 -.066+.088 -.156+.082 -.034+.084 .04k8+.080
-.019£.034 .004+,029 .O77+.0kL 70951.0&3(-.015¢.051 . 055+ .048

C3 -.102+.065 -.094+.055 ~-.00L4+.086 .013:.072 .033:.073 -.028%.069
. Cy Qoo6¢.091 .108+£.070 .119+.091 -.030+.087 .11L4+.079 -.136%.087
_ 5' .052£.101 -.137+.079 -.029+.107 .OL2t.096 .097+.099 .049*.073

C

Cs .130£.062 .012t.053 .091+.074 -.066+.075 .150+.105 .129+.101
€7 -.081+.064 .061+.058 -.140%.088 -.136+.077 -.047+.109 .24O0t.090
Cg .107+.110 -.191+.095 .027+.143 -.191+.127 .020¢.148 .109+.151
Cq .019+.128 .311%.105 .547+.155 .595¢.130 -.013t.153 .095%.137
Cio' 5.0971.062 -.006+.053 ~.1h2t.072 .111+.07h4 .192+.103 .120%.101
C11 -.lOSi.d63 -.148+.057 -.108+.087 -.109+.076 .0k6+.108 -.278+.090
1o -.130%.109 -.115£.093 -.433t.139 -.239+.125 -.221+.147 -.102+.151
o

13 .278i,;26 .187¢.102 .156%.150 .190%.127 .088%.152 -.09Lx.137

(Jackson Frame)

Clv .036+.107 .123:.086' J124+,138  .225+,101  .073+.109 .164+.085
' .007+.032 -.033+.028 .0U1+.041 -.081+.040 .073+.0Lk1 -.osoi.oso
Cq -.033t.069 .091*.062 -.011%.090 .001+.078 -.028+.078 -.055:.078
Cy .030£.085 .113t.067 -.055t+.106 -.071+.080 -.003+.101 .084.,077
5 '..1171.101 C.041+.085 .001+.114 .11L4+.096 -.010+.106 -.154+.071
C6  .099t.057 -.009%.045 .140%.067 =.009%.066 .079:.090 .069t.101
Co  _.1khs.063 -.021%.052 -.0kMt.077  .076+.078 -.095%.087 -.171%.095
C8  -.017+.111 -.135:.091 .032t.120 -.058+.113 -.017+.149 .013%.135
9 -.107¢.133 -.2hh+ 110 -.355+.134% -.399+.140 -.167+.168 .02L+.138
10 -.131*.057 -.076%.045 -.200+.067 .025+.066  .O45:.090 -.0LOt.101
11 .009t.063 -.032t.052 .200%.077 .094+.078 .106%.087 .081+.095
12 .039+.111 .052t.091 .000+.120 .067+.112 -.128+.149. .390+.134
13 .323t.133 .27h+.110 .300%.13% .324x.139 .298:.168 .149:.138
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C5 = R12+A]C_A%/ 3

‘ G = (g, +Ey) - A5 A2/ /D)
¢, = (Byg + Ryg) - A7 Ag /(3 {3)
Cg = (Ryg +Ryg) - A A5 (3 /3)
Cg = (Ryg *Rog) - A5 43 V3 (3 13)
Cho = Rpy - Ryg
0y = M6~ Fis
€12 = .R18 " By
€13 = Bao " Fyg

These parameters are listed in Table XIV for each momentum and shown in
Fig. (61) for the combined data. The OPEA predictions are again
superimposed on the data and agree rather well with it. It is especially

gratifyiﬂg that for the césep‘-- cos@_ x correlation, experiment and

N
theofy'areiin feasohabie agreément, since this is thé mosf prominent of
'the éorreiatidns: | |

In aiivof the abbve no provision.is made for_any asymmetry in‘the
cosép or coseN* distributions. Given the general formula fof the joint
decay distribution no such asymmétry is pefmisséble. It is ﬁell.known,
however, that such an asymmetry not only exiétsAfor the p meson bgt is‘ )
very large.lo Fig. (62) shows the‘cosep (and cosGN*) distributions
for'N*p evenfs, and Tablé XV lists valueé of <éos9p> and <cos29p> for
the different momenta. 'The figure also shows these distributions for
a tight N*p cut'and for a background sample. The ﬁagnitude of the effect

is seen by noting that the forward to backward ratio, (E/B)p, for the

*
N p region is 2.3, implying a 30% excess of events in th¢ forward
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The first two moments and forward-to-backward ratios

* . *
of the N and p decay cosines for the N p and central

* .
N p regions.

Momeﬁtum <¢osep>v <c05290> (

icoseN*> <cos GN*>

(

F - 3B

F + B)N*

2.95
3.19
3.53
3.7k

L.og

ALL

2.95
3.19
3.53

3.7h

4,08
ALL

2.95
3.19
3.53

3.7

k.08

AL

169+
.19+
.201+
72t
176+
.186+

<139
.. 208%
.193%
.148+
‘;1561
175+

.036
.027
.026
.030
.032
.013

F+ B o
Helicity frame -- N*p region
;381¢.019‘ .223+,060 .ouaf
L4118+, 014 .278i.ou2 LOll+
Jgohs 01k L2098+ .041  LOLko:
.3%2%.015 .2kor.0k7 .05T%
-400t.016 43131.050 .059+
:408+.007 .277+.021 .OLot

Helicity frame

.058
.0k2
.okl
Mol
.048
.020

039
.028
.027
.032
.03k
.01h

.ho2t
. 388«
11+
.398%
13+
Lho2o+

.030
.022
.022
.023
.026
.011

* .
-~ N p Central region’

.'.lh8i

.330%
.336+
..363i
. 368+
. 321+

Jackson frame --

o7
RTNe::
b33t
61+
RGYE
.hhSi

.018
.01k
.013
.015
017
.007

LO6TE
.235+
.218+

.231.
.62t
.0kl
.0L7
.052
,2kor

.092
.067
L06h
.070
075
.032

* .
Nop

059
ok2

021

172k
.'058i
L0362

-.017+
.052¢

region

.09ht",
.028
.026
.031:
.03k
.01k

07kt
L0633+
.062+
-.012+

057+

.035
.026
024
.029
.033 -
013

.054
.043
.0ko
RO
.051
.021

0Ls5

037

. 325+
L3644
.316%.
.3hot
.383+
3hT7

<359+
. 366+
L3462+
. 360+
.388+
.363%

.379¢.
-397%
.391¢
408t
ok
.4oot

.019
.013

0l2

.01k
.016
.006

.030
.021
.019
.022
.02k
.010°

018

.013
013
.015
.016
.006

.030%
.076%
. 085%
.107+
.101+
.083t

. 200+
107+
LOL7+
.08L+
.000+
.080+

112t
. 080+

.103+.

. 088+

.039+
071

.061
Nonn
.0h2
.08

053
.022

.091
.07
.068
LOTh
.081
.034

.061
. Ok

oko

.0k8

023
.022
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Fig. 62. N (left) and p (right) decay cosine distributions

for the,thgeé following mass regions: Central N¥p--(4) = .
and (D), N"p region--(B) and (E), Background region--(C):
and (F). : : 4
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% . .
direction. That-the effect is associated with N p production. is

confirmed by the fact that the effect is heightened in the central N p

'region and diminished in the_background region; Using the method of

moments to obtain the decay parameters from formula (1) effectively
involved folding the distribution about 6 = ﬂ/2vand ignoring the asymmetry.

%
B. ﬂ+p > N f°

‘N*f production is evident at the three higheét_momenta." At those
éﬁergies itﬂaééounts for from 3.6% to 5.9% of reaction (1), according ﬁo
the fit of the n+ﬁ_:--fn+p friangle plpt. Its cross-section has already
been presgﬁtéd in Fig. (53)f“’ |

| The beha&ior.of the fblloﬁing variablés will be discussed briefly
iniwhat.foiiéws;‘the inomentum transfer, the production cosine, the‘f°

_ % '
decay cosine, and the N decay matrix elements. - The event sample consisted

-of 312 events selected from the upper three momenta.

_ x .. _ S ' + -y ‘ +
The N f cuts are as follows: 1.17 < M(x = ) < 1.31, 1.12 < M(x p)
o | - : N .
< 1.32 GeV, with the usual stipulation that double N f events are decided
on'the basis of the lower momentum transfer. Ah additidnél requirement

S S . S : % .
was added in order to discriminate against N p events. Neither of the

, B p _ R
_ﬁ+p, ﬂfﬂ combinations was. permitted to lie within the N p region; as

previously defined.

The'backgroqnd'pfoblem ﬁas quite severe. -Using the aboﬁe selection

criteria it was estimated to be about 55%, 53%, and 41% at the three

momenta. Therefére, gonsiderable reliance is heﬁceforward placed'upon
the background calculation outlined in the pre&ioﬁs'section. The outer
limits on the béékground region for this'calcuiétioﬁ were set to be as
follows: -1.08 < M(x'x") < 1.%0 Gev, 1.02 < M(x'p) < 1.2 GeV. Table XVI

’ % ! .
gives the background figures and numbers of events in the N f sample
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Table XVI. Percentage of N f production in two event samples
* -
a) N f cut: 1,17 < M(x'n~) < 1.31 Gev, 1.12 <
¥
M(n+p) < 1.32 GeV; b) N f background: (outer limits)
1.08 < M(s %) < 1.0k GeV, 1.02 < M(x'p) < 1.k42 Gev
(The inner limits are those of (a)); and, for (a)
((b)), if both combinations lay within the (a) ((b))
region, that with the lower -tp +p was used.
Neither combination is allowed to lie within the
% \ .
N p mass region.’
| , (@) L)
Momentum N f region N f background
Gev/c % +# Events %  # Events
2.95 15 30 8. ko
3.19 14 101 6 145
3.53 34 138 13 173
3.7k b7 92 18 © 133
4.08 59. 82 25 118
Combined 36 b3 1+ 609
Last Three 49 - 312

18 - Lok
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Tabie XVII. Logarithmic slopes of the -t and t*

L ¥
distributions in N f production.

Momentum : % Exponential . - lAN*f (GéV/c)ig CL
‘a) Monte Carlo -t fit to phase space plus exponential
3.53 ' 38+ 6 81 .3
3.7k ;o . k6x 8. 6+ 1.5 .00k
b8 726 . 8xa 2
'b) ‘Fit to t* distribution (N*f region)
3.53 o ‘100  2.89+ .88 6
3.74 ' 2.48 + .79 .6
4,08 - . - : - 7.14 + .52 .5
Combined S . h.21 £ .43 9
c) Fit to t* distribution (N*f BackgroUnd region)

3.53 o 3.58 + .61 1
3.7k S o b.21 £ .91 .15
L4.08 o ' ' S 456+ .73 .9
Combined - : S ks .9

.10 -
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Fig. ©3. The N f -t and t* distributions for the events
of the highest three momenta combined.
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at each momentﬁm.

The proximity of the N*f regidn to the kinematic boundary renders
a simple fit to the -t forward peak impossible. The boundary region
_ extends to -t = .6k (GeV/c)g; with the mass cuts used, and thus
'encémpasses almost the entire forward region. This leaves two
élternativés 1) Oné may Monte Carlo events accofding to differen£
loéarithmic slopés and compare with the data distribution or 2) One may
use the variablé ﬁ’ instead of t. The results of a rough fit to

€

_(a + ﬁe X phase space Monte Carlo events are shown in
Table XVII. Values of between 6 and 8 (GeV/c) were found. The inclusion
of a phase space backgfqﬁnd, of course, incfeéses the value of A obtained
over thaﬁ_which would be goften from a simple .fit of the -f distribution
(~4 (GeV/c)-e).' Table XVII also shows the results of a fit to the %’
distribution, yielding A =421 + .43 (GeV/c)—g. "The distribution is
much mofe highly peaked at the highest momentum than at the other two.
The -t and £’ distributions are displayed in Fig. (63) together with
curves'reprééentiﬁg the aboVe-mentioned exponential dependences.

Theé prodﬁctioﬁ césine distribution is shown in Fig. (64). Tt is,
as usual, very forward peaked and does not show any peaking in the
backwafd direction. Thirty-onévperceht of the eventé have cos8 > .9 in
‘compafiéon with the N*p-mass region were over 60% lay beyond that point,
and in comparison with the N*f ~background region %here the corresponding
figure is 1éss than 249,

The £° and ﬁ*++ decay cosine_distributions are given, invthe helieity
frame, in F}g. (65) for the N*f and N*f‘-background regions. As with
the N*p region, the-N* deéay cosiné distribution is nearly isotropic.

- However, for the f, the e decay distribution shows considerably
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*+
Table XVIII. N * decay density matrix elements and averages

~of the first eight Legendre polynomials of the

* ,
£° decay cosine in N f production for a) all t

and b) -t < .5 (Gev/c)?.

_ - N'r region .Corrected for background
Parameter (a) (b) (a) (b)
<p > .065¢ .03k .009% . 071 -.009t.10h  -.00kt.227
<py > .058+,026 . L277+.0L5 -.002+.079 .148:,1&3
<pgy> .050£.022 - -.037+.Ok  -.205£.069  -.250t.1kk
<p, > .008+.019 -O15+.039 - -.05%+.058 -.051+.123
<pg > .011+.017 -.030£.035 .000%.053 -.080%.112
< Pg > .003+.016 .002+,033 .005+ ,049 -.041+.105
<p, > .032¢.016 .016%.032 .101% . 047 .077+.100
<pg> .013+.01k .001+.029 -.036+.043 .0k7x 091
92*3. .196+.033 188+ .061 .132+.099 .i69¢.i89
* ' : : ' S - v v
pg N .032£.030 -.101t.0k9 .031%.091 -.079t.153
pg;_l .053¢.032 :134+.053 .175¢ 097 .237+.170
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less structure than for the p. In particular, the forward-backward
asymmetry is very nearly absent, which is especially noteworthy in view

of the strong forward peak in cos@, in the background region. In order

f

40 give a better quantitative understanding of the decay distributions,

and the

the averages of theé first eight Legendre polynomials in cosGf

M .
three N density matrix elements are presented in Table XVIII.

4 ot
C. xp-> N

N w production accounts for about 20% of reaction (2); The relevant
trianéle and Chew-Low plots are shown'in Figs. (66-68) and show the
mégnitﬁdé and peripheral nétﬁfe ofvthis process. They also give evidence
for'strong w ana N* signals outside of thc_double resonance'regioh and,
when -compared withﬁthoée for N*p production, are seen to demonstrate a
much lesser degree of peripheralism. Comparisons will again be made
between the experimental results and predictions of the (MEA. This
model will be seen to be in réﬁher poor agréement with_experiment.

The fit to the¢n+nfn9 - n+p triangle plot was less ambitious than
that described previously for reaction (1). Bccausebof the greafer
uncertainty in what processes might be. contributing to the background,
characteristics not immediately fecognizable in the ﬂ+n_ﬁ° - ﬂ+p
triangle plot wefebignored, The Monte-Carlo program.was used to generate

events accofding t6 the fbllowing‘six final states:

. _ _ % .
1) «'p —>'n+p 2 (phase space) L) ﬂ+p 5N Cxtn e (et)
S * ' ' : ‘ o
e t + + o .t
3) 1o o Wy (7Y 6) np= xpq ()

The procedure is that previously used, except that for the w and 7 it
was not sufficient to use the "8030" resonance parameters, because the

experimental resolution was large in comparison with the real widths.
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+ - % +
Table XIX. Results of a fit to the experimental m m == -- n p

triangle plot with events Monte -Carloed éccording

to the six hypothetical reactions mentioned.in

the text.
‘ : - N w and‘N*n‘
Momentum "Background" Reactions (%) : _ Production (%)
GeV/c P.S. ~_N* oW n N w N*n
2.95 10.6£9.8 33.3t4.6  20.7xhk.4 . 1#6.0 33.7t2.6 2.0t.5
3.19 31.4tk.6 28.3t3.9 | 15.3:3.1 .6+.6  22.7#2.7 1.7+.2
3.53 >32.5i3.7 28.9+3.3 16.6%2.5 '.81.0(?‘) 20.4t2.5 .9&.0(?)
3.7k 35.1£3.7  30.0#3.4  12.9¢2.9  .9%.5  20.L422.8  .8+.h
L.08 33.6£2.0 26.2¢.8  15.1%2.h  .h1.3  23.9¢2.0  .ot.h
Combined  33.6%1.9 = 27.9:1.7 14.6+1.3  .5:.L 22,241.3  1.2:.2
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In a fit to the M(n+ﬁ'n°)‘distribution, values of 25.5 £ 1.3 MeV and

20.6 * 34.6 MeV were obtained for the respective widths, yielding ~22

MeV for the experimental mass resolution.

. The .r’esultts of the fit are given in Table '(XIX) and the resultant
* - % * *
N w and N n cross-sections plotted in Fig. (69). Both the N w and N 1
S *
cross sections are seen to decrease in this energy range. N 7 production,

in particﬁlar, deéreasés from 2% to less than 1%.of reaction (2). Tt is

interesting to note that at the first momentum (2.95 Gev/c) 5h.h% of the

events are associated with omega production, whereas at the other momenta

this‘hasishruhk to an avefage of about 37%.
The N*w mass rééion waé_chosen to lie within the boundé 75 <

M(x'x n®) < .81 Gev, 1.12 < M(x'p) < 1.32 GeV. Again, double - N w
ambiguities were reSolved on the basis of the lower moméntum transfer.
Since this réactibn'iélléss peripheral than N'p production, choosing the
correct cgmﬁinatignbbn the basié of the loyer -tp,N* is of less validity
thah béfore._.Itvis an improvement over picking one of the combinations
at random or-avéraging the two, however. As was seen in Fig. (49) and
is displayed in Fig. (70), choosing the combination with the lower
'tp,N* clearly enhancesvthe N* and.w (gnd N*w) signals. This affects
only 1.1% of the events, foftuhately;" |

| The production cosine distributién is shown in Fig..(7i>. The

- v . -
usual forward peak is in evidence, but much less steep than for N p

- production, and with only 34% of the events having cos6>.9. Also,

there is a distinct backward peak, less than lO% of the forward peak in
magnitude, but definitely not merely a statistical fluctuation. It
becomes more noticeable as the momentum is increased and the equatorial

zone becomes denuded of events.
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The'moﬁentuﬁ trénsfer distribution is shown in Fig. (72). It is
much less steéply peaked than was the corresponding N*p diétributionr
; ) ) o
" The peak was fit tovan exponential and found to have a logarithmic slope
of 2.31 # .06 (Gev/c) ™2 over the interval .2 <-t< 1.2 (GeV/¢)2 wiﬁh a
cénfidence level of 35%. The N* distribution has-a simple eXponential
behavior over a much wider range of -t than did the N*p distribution,.
A and in pafticular‘lacks the N*b;s ”aﬁomalous" behaviof in the boundary
A region.. Looking at Figs. (56 and 72), it is interesting to note that
whereas the N*p distribution is "concave" -- i.e. has é slope which "
decreaSes'With'ingreésing it -- the N distribﬁtion appears to be even
slightly convex, at least up_tdﬁabout -t = 1.5 (GeV/c)e. There also
appearé to be some e&idence for é dip at -t = .8 (GeV/c)e.
The t* distribution (Fig. (72)) was also fit to an exponential.
The resultant slope, for the interval.O <t’< 1 (GeV/c)g, waé Aﬁ;w = 2.25‘
-+ .08 (GeV/c)f?. '
- The fitted values of the slopes for t and t* are given in Téble XX
| for each momentum sepafately. The valueé for theJmomentum transfer seem
to indicate a definite shrinkage of the peak (increaée in A) witﬁ eneréy}
In ordef tO'prOperly'normalize the momentum transfer diétribution
the same procedure employed for thé N*p wa$ used. The.background vélﬁeé
for N w (and'N*n) regions are shown in Table XXI and ﬁere used in;
conjunctiéﬁ-with the mb/event figures_of Table IV to obtain dc/dt.
©do/at is shown in Fig. (73) along with the OMEA predictions multiplied
by a factor of four. The OMEA curve is seen fo beéf little resemblence
to the e#perimental aistribution.. The scale factor of four, needed to

normalize to the data peak, could be obtained by increasing the doupling

constants and/or increasing the value of the absorption parameter Ype
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Table XX. Logarithmic slopes of the -t and t’ Aistributions
| ekl |
in N w production. - (0.2 < -t < 1.2 (GeV/c)E,'
0.0 <t/ < 1.0 (Gev/c)? ).

Momentum R A&iw o | Aﬁiw. oL
GeV/c -';' (Gev/e)™® - (Gev/c)'gﬂ
2.95 | 2.16 + .25 .05 - 254 + .14 .08
3.19:", 2.0kt .19 .15 - 2.1k + 17 .35
3.53 = | >2.l5.i A7 b5 : 2.06 £ .15 ks
3.74 2.5+ .22 09 . 2.12: .18 .50
k.08 .71+ .88 .03 | 2.59 % .20 .95

'Cmeined T am £.06 .35 2.25+ .08 .55
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* *
Percentages of N w or N 7 production in four mass regions

~ Table XXI.
. . - . %
of the ﬁ+ﬂ . -- ﬂ+p triangle plot: a) N w cut: .75 <
Mlnx"r®) < .81 GeV/c, 1.12 < M(x'p) < 1.32 GeV/c; b)
N*w background: (Outer limits) .69 < M(x'x n ) < .87 GeV/c,
1.02 < M(x'p) < 1.42 GeV/c (The inner limits are those of
N * - .
(8)); ¢) N mcut .53 < M(x'w'x ) < .57 GeV/e, 1.12 <
' *
M(n+p) < 1.32 GeV/c; d) N 7 background: (outer limits)
A9 < M )< .61 GeV/e, 1.02 < M(x'p) < 1.h2 Gev/c
(The inner limits are those of (a)). In all cases
- ambiguities were resolved on the basis of the lower
v v
-tp tp and for the N 1 samples, no combination was
b EY ’
allowed to lie within the N w region.
(@) @) () . @
Momentum N'w Ny background N'n - N"n background
Gev/c % | % P %
2.95 76 Lo 88 42
3.19 Tk 37 80 - 36
3.53 76 L2 75 30
3.7h S 82 46 75 28
4.08 - 87 59 81 49
Combined 79 L3 80 35
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The very shailow siOpe of the cﬁrve would be affecﬁed by neither of
these expedients; however, there are three coupling constants at the
N*++pp vertex, and changing the ratios of these could effect the slope
of dg/dt. At least with the usuél (relativistic Stodoléky-Sakﬁrai) '
coupling, the p-exchange modei, even with absorption, is seen to be in
serious diffiéulty}v<Further, the Regge model with exchange of the p
tréjectory preaicts étdip in dc/dt at -t = .SSI(GeV/c)E.37 There being
nbvevidence in our data for suchia dip, the validity ofvthe p-exchange
mechanism isiagéin brought into question. |

The angular décayipafametérs are treated for the N*Q in precisely
the same manner as they were for the N*p. The only important distinction
between the two cases is that the vector of interest in fhe meson decay
frame is not the diréCtion of one of the outgoing particles -- i.e. the
' for the p -- but is instead the normal to the © decay plane. Other-
wise, since the p and w aré both l; particles, the same parameterization
is applicabié for both the N*p-and N%w s&stems. The decay parameters
are présented in Tables XXIT and XXV‘and inHFigSa (7#-76) are shown as
a function éf moﬁentum trénsfer, | | |

The'curves superimposea upon the dafa points ih Figs. (Th-76) are
the OMEA predictions. Obﬁiously, the theoretibél predictions afe not
at all well pqrﬁéout by this experiment. The backgrqund:calculatién
.slightly improves this situation, but not suffiéiently for.the model to
attain any real méasure of success. Because of the previouély ﬁentioned
uncertainty in the‘coupling congﬁants uséd,'however, this:laék of agreement
does not entirely invalidate the model.

: . * '
Finally, the cos@ and ¢ distributions for both the w and N are

shown in Fig. (77). They are all roughly isotropic. In particular the
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Table XXII. w and N decay matrix elements (all momenta

. _ ™
- combined, c=w, d=N ).

parameter 0<-t<.2  .2<-t<.3  .3<-t<.b  U<-t<.6 6<<1<1.0 1.0<-t<2.0

" (Helicity Frame)

pg’o’ »-558i~048 73,055 .h66i.060, .32oi5o5o".2571.046 154,063
pi,_l .028+.035 .OL7+.041 .O1l5%.04hk -.017+.0L3 5,1111.oh1 -.150+.063
o .020% 029 {068i-030 -153+.033 .121¢.93o L1206+ ,032 -.052¢ .0kO
035 a7he.036 .246:.0k0 .2het.oko .345:.03h .25%6+.03% .279:.051
p%’;l_.ffOMYi.O33 022+, 0k0 .01kt . 0Lk --031¢.039 -.oééi;o39 -.098%.046
e ) +130:.034 .073:.037 .003t.0k2 .110+.037 .0M0:.038 .009:.052
o (Jackson Frame) 7 o

pg,o .h80§.oh7 ;36u¢;651 Lokt 056 .395¢.051 k304048 .559¢.072 |
pi’_l -.011#.039 -.008+.043 -.006+.047 .021%.0k2 -.025+.040 .052+.05k
of o --087%.028 -.110¢.031 —;162i.03h:f.llli.03; -.150£.032 -.091+.0k1
p%,3  -074i-O37 .213.039 .262¢.04k .148:.039 .18hx.0k1 .192+.0k5
pd , -011£.030 .041+.039 .003t.0kL .0B3:.033 -.02kt.035 -.OM8k.0kT

p% | -000£.036 -.0k3t.039 -.025¢.0L42 -.080%.038 -.020¢.037 -.064t.055
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Table XXIII. N w decay angular distribution parameters,
uncorrected and corrected for background

(all momenta combined).

N*¥w mass region C : N w "corrected"
Parameter 0<-t<.3  .3<-t<.6  .6<-1<2.0 O<-t<.3 <16 L6<-1<2.0

po,o .521%.036 .386£.039 .221%.037 .652t.07k .457i .070 .i?Si .066
: 91,-1 .036%.027 -.002t.031 -.125+.035 .051%£.049 .015+.055 -.162+.061
p1,0' L0h6+.021 .135:.022 . .062t.025 .033+.038 .158+.040 .110+.04k
3,3 .205%.027 .298:.026 .264+.030 .231+.049 .356+.050 .289%.051

p%;-l ~.017+.026 ~.010t.029 -.077+.030 -.04k2t.047 .001%.051 -.095*.052
9%,1 (106£.025 .062£.028 .0L0£.031 .106%.045 .057+.049 .034t.053
Rg  .100t.065 .1626.060 .045+.063 .180:.119 .198+.107 .036%.112
397 .065+.030 -.031+.030 .019t.039 .049t 0% ~.078t.05  .033t.067
R1o0"  -.069:.052 .009:.049 .051+.056 -.081t.00k .023+.089 .158%.102
Ry .126+£.060 .093t.066 .OTh+.061 .155+.110 100t .11k .118+.108
Rio -.089t.063 .075¢.067 -.051%.065 -.208£.115 .122¢.118 -.086+.113
R13 .065+.04k2 ,039:.053. .070+.056 ..080+.077 .028+.093 -.083t.097
Ry .057+.041 .151#.052 .129+.057 .132¢.078 .188+.092 .159%.099
R15 .015+.043 -.090+.052 .035:.057 -.027%£.080 -.136+.092 .027+.098
Ri6 -.023t.040 -.022+.051 ©.031£.058 -.036+ .07k -.003£.090 .052+.099
R17 .099% ,068 .138t.07k4 .087+£.080 ..156*.121 L.120+.129  .1k0+.138
Rig .036+.065 -.130£.072 .097+.073 .062t.115 -.183+.127 .171%.129 .
R19 {0951.067 .180¢.076 .OkL+.079 .157+.119 .23L4+.132 -.006+.133
Roo | : '

.020t.070 -.073¢.080 -.135¢.078 .031%.122 -.100+.138 -.162+.130




Table XXIV. N w decay angular distribution parameters (helicity frame) in the three
-t intervals: a) 0<-t<.3, 1) :3<-t<.6; ) .6<-t<2.0 (Gev/¢)2.

Momentum - "Dg,o L pi;_l . '-bi’b _ _ 9%;3. ' bg,-l.' '93’1, . Rg .
2.95 . a. .b91+.,090 - -.032£.078  -.023:.062 .rwﬁ206¢.077 ._-.O65i.d7l - ..0bb+ .07 0 .336%.183
.357+.094 _-.090¢.o7o .130+.057 ©  .261+.066 -.055+.069 1122t .,067 L094+ ., 141
. e. - .162+.085 -.120%.090 .087+.063 . .350t.070 . .017+.081 -.009t.073 .286+.135
3.19  a.  .580t.068 .073:.049  .110+.038 .183+.051  -.073+.0L7 .098+.048 - .265:.132

b, .Loot.078 026+ .067 ~ .130+.048 .311+.053 .011+.064 .015:.060  .251%.120 -

c. -306%.069 ~.124t . 0% .107£.0k6 - .223t.052 -.043+.050 .0501.056 -.139+.110
3.53 a. .502¢ . 077 -.027%.052 .107+.043 .170%.060 .010%.0% ‘.091£.051_ ~ .330£.139
b,  .388:.076 (042,058 . .1h0t.0h1 . -.325:.0L8. .087+.059 .030%.052 L122+.117
c. ;125i;07h -.205%.07k 4.007&.051 . .295%,055  -.186%.0% 010+ . 067 L067£.,111
3.7h4 é;A .4o7+.080 .099+ . 070 -.073£.051 .235+.057 -.026+.063 .197£.063 .Ob7+.116
. ho2t.097 - .oLSE.OTL .069.051 _.300i.059"A -.0391.059' ' .;22¢.o66 .181+.155
c.  .289:.098.  -.104+.088 .095+.067  .190+.086  -.101*.081  -.084+.073  .1L46%.1%
4,08 a.  .582t.090  .0M6t.061  .035:.048  .252:.059  .O75:.057  .09kt.05h  -.h28+,1h3
.36o£.092 -.0Lkkx 082 .218£.059 .270+.073 -.128+.072 .051£.073 = .155%.159

c. .18&.100 -.011+.100 .018+.065 .292+ ,08L -.043+.083 ° .0L43+.078 . .0W6:.196

-LET-
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* , .
Table XXV. N w decay angular correlation parameters

(all momenta combined).

Helicity Frame

Jackson Frame -
0<-t<.3 .3<-t<.6  .6<-1<2.0

Parameter 0<-t<.3 .3<-1<.6 .6<-t<2.o_
Cl .095:.067 .170+.061 .OkOt .'o6l+ L173%.065 .17&«:.072 .081+ .073
Cg ' .668¢;o3o .031+.030 .022+.040 .o56¢.d3u .QHhi.Q36v .ouh;.036
¢§ -.6611.652 .oi?r;osi .Oh7+.,057 .01§g.65h -.65&:.057 -.627i.o62
Ch  L117¢.062 .0915.066 .100£.063 .002t.053 -.075+.054 .109¢.067
Cs -.o3o£.o6§ .045¢f667 ~.054+.066 .O7ht.061 .OMTE.061 -.018i.673
% .123t.059 ;190t{o7h .180% .080 .1551.061 .214i;970: 114,068
©r -.016:.059 .1i3:;073 .069% 082 .665i.o6h .020¢ 070 -.p05¢.674
Cg ,.137i.o9u' .014+.105 .203+.109 .057r.089 ;168¢.105 ;;230i.iliv
09, ' ;119t.098 '.1i3:.112 .O72i.lilv .1o7¢.o§9 .08ui.115_-.102£.122
Clo -.008+.059 .112+.07k4 ;058r.oéo .101+.061 -.177i.o7o ;.1281.068'
€11 -.038t.059 .068:.073 ;oou¢.082 .028.064  .139¢.070 .0291;07u
012>‘-.O63i.09h -.269;.10& .009+.108 .;QSQi.088'-.léSi.104, ;ouo;;lio
¢ .097 -.253t. 179,111 ;660i.Q§9 ;160¢.i12' .093¢.121

.07 5%

111
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cbsew distribution bears no trace of anything similar to the asymmetry
which dominates the corresponding p distribution.

+ *++ 4
D. = p—> N 1

¥+ o . '
N ' n° production accounts for only a very small percent (~1.2%) of

reaction (2): Because of the small width'of the 7 and the ﬁosition of
tﬁé'N*ﬁ_region near the kinematic boﬁndary, however, a very clean sémple
of N*n eventé méy be:bbtaihea. The mass seiection,c?iteria require
.%<<M@%33)<‘57Gw,lj2<hﬂfb)<132Gﬂgwﬁhnocmmmaﬁm
allowed in the N region, and ambiguities resolved 6n the basis of the
smaller momenfum transfér.‘ For these cfiterié the‘baékgrdund is at
about the 20% level (Table XXI).
| Since only 12l events pass the above N*n criteria; the different

mdmenta are not conéidered separatély, The sole exception to this rule’
is the,N*n’cross-section data, previously plotted in Fig. (69).. Other-
% distributions and the N* deéay-barameters

N"n

will be given only for the experiment as a whole.

wise, the -t;ftf.and cos6

The't and t’ distributions are shown in Fig. (78). BeCausevtﬁe
,boundafy region extends only to -t = .O67.(GeV/c)2, they are practically
identical. They are very different from those previously encountered.

Of ‘the four doublé—resonance(reactions stﬁdied,-this is the only one with
va turn-over invthé t’ distribution. Neither remétely reseﬁbles’aﬁ
eprﬁential distribution, sovno logarithmic slope parameter "A" wés

‘obtained.

.The»cosem*q distribution (Fig. (79)) further -demonstrates the
anomolous behavior of the forward peak. Not only do fewer than 2% of
the events lie beyond cosB = .9, there are actually over'ho% more events

in the neighboring cosé bin (.8< coseN*<<.9). Most of the events are,
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however, concentrated in the forward direction; although, therg is some
indication of a Eackward péakvas well. |

The decay angular distributions (helicity frame) are shown in
‘Fig. (80), and the N decay parameters are listed below. The decay
distributions are roughly,compatible wifh isotfo?y with one éxqeption.

The exception is the cos6_x distribution, which displays a-striking peak

N

around 6 = /2. "The N decay parameters are as follows:
-p§’3 - .435'% .0Mk, '.4'5455 .052 (.xm; + 068, _.50'7'_:9 .088)
pg’_l _ 002 .0Sh, .201 £ .OGT k.282 + .088, .3k0 + .113)
pg,i‘ - -.008 * .oué,-.oo8 i'.osg (-;001 + 066, .059 + .093)

where the background-corrected paraméters are given in parenthesis, and

the second member of each pair is for the regidn -t < .5 (GeV/c)Q;A The

value of pd is a measure of the'deviaﬁion of the cos@_x distribution

3,3 _ . N ,
from isotropy, being roughly that for a Sin26 distribution (.5) and

nearly twice that of an isotropic distribution (.25):
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Appendix A. NORMALIZATION INPUT PARAMETERS

In carfying out the normalization calculations of Section II, it
was‘necessary'fo usé'cross-sections and differential cross-seétions
obtained in other expériments. Among these are the pp crpss-sécfions
usediin finding'the proton contaminétién.(Fig. (A-1)) and the slopes of
the elastic differential croés-sections used in qorrecting‘fhé_n+p éhd 
jojs] total cross-sections for scanning losses fbr’evehté in the forward
péak.(Fig. (A-E)). As-shown in those figures, a smooth curve Qas'
drawn:thfough the data points, the intercepts of this cur&é with the
five experimental momenta giving the values used in the analysis. With
regard to Fig. (A-2), the values of Aﬁ+p of Coffin et a]_'._l')+ are not
diréctly from the reference but from én.exponential fit fo ﬁhe poinfs
given in the reference.

Values of the n+p4total cross-section were aléo uséd'in the béam'
normalization. They were.interpolated fr$m those ‘of Diddens et a1.3

and are 29.49 + .23, 28.84 = .22, é8.32 t .22, 27.77 + .22, and 27.40 %

.26 millibarns at the five momenta resbectively.

4
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Appendiva. BREIT-WIGNER PARAMETERIZATION

In Sections III and IV Breit-Wigner factors were used in weighting
Monte-Carlo events according to various resonance hypotheses. The

Breit-Wigner form for a two-body decay, as given by Jackson,25 was used:

T(E)
o o)

H
i
o |

ré(E)

1 (/9 ) Rz )/R(E)

0.

=1
—~
=
p—
i

8}

Where; in the feéoﬁance c.m., E is the energy 6f.£he two-particle system
énd g the momeﬁtum of the decay particles;_Eovand qé being these
quantities at feSonance.‘ The.form of R(E) and the Values.of Eo’ FO and
Ny are.given_in_Tabie (B-l)'fdr each of the resonances used in the
énalysis. All of the resbnaﬁces.except for the 1 and w wére:assumed

to decay into two particles. For the n and w; a simpler fbrﬁ was dsed,
puttingvP(E) =TI, and settiﬁgvthe.factor.E/q eéuél tovuhity.

The weight for any event was the.product of the suitable resonance
terms diVided by the maximum valde this produbt could aésume. The
maximum value was nbi obtained anaiytically, hdwever; but'ﬁas the
maximﬁm_yalue for'any event in the sample. To avdid.COmputational

difficulties, a lower limit of .1 GeV/c was placed upon d.
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Breit-Wigner parameters and form of R(E), where
R(E) is of the type: I. R = (q§+q2), II. R =
E(2%+q%)? (a=.35 Gev/c), IIT. R = 1.0, IV. R =
q2£+l.
(3), Ryy vas used in the N'~ B.W.; however, A = .35
GeV/c was found unsatisfactory and A = .175 GeV/c
substituted. For the Al, A2, and N*(1700), which
were assumed to decay into one stable particle and A

one resonance, the resonance mass was used in

‘calcuiating q, and the actual ihvariant mass of the .

two particle system making up the resonance was used

in calculating q.

In fitting the n™n distribution of reéction '

Symbol ' Mass Wwidth = 2 R(E) Decay Particle Masses
| MeV MeV. Type - GeV GeV
o 770 130 11 13958 .13958
£ 1260 140 2 I  .13958 .13958
AL 1070 100 0 IIT . .13958 - M(x*n-):.77
A2 1305 90 2 IIT .. .13958 - M(xtxt):.77
N 1236 120 1 IT .13958 .93826 |
¥ 1700 300 0 . IIr 13958 . M(x*p):l.236
m 549 21 v o I
w 783 % v
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Appendix C. MONTE-CARLO EVENT GENERATION

Monte-Carlo eve%ts wefe used extensively in the analysis of the
experiment. Theée events were generated by a program having several
aﬁvantages over cénventional Monte-Cérlo routines. The program, Bowl,
generated four and five-body final states uniformly (unweighted)

according to phase space times eAt. Without this feature, the effective

" number of events used with any peripheral process is greatly reduced

from the number of events genérated. Also, the program was so designed
that events could be-gengrated easily from any pafticular mass region--
e.g. the N*p mass region. These options were implemented, however, at
fhe cost of making the program somewhat bulky and rather slow. |

Aé an exéﬁéle, the treatment of a‘four-bod& reaction thought to
proceed.via a highiy periphefal quasi;tﬁo-body,mechanism (N*p production)

is outlined below. For the proéess,

1’ +2 > 1 2
L a+b b c+d

‘the four body phase space integral may. be written as,

1/64 f (a19,9,)/ (M M) dlfﬁfiMedQlandQc
vhere q;, q_, and'qé are the momenta of particles 1, a, and ¢ in’the
overall c.m. and in the rest frames of particles 1 and 2 reSpecﬁivély;
M is the total_c.m};energy, and Mi-and M2 are the masseé of particles
1 and 2. Fixing the production plane removes the dmlvintegral from -

aq, , and,ﬁhe,rémaining dcos6 integ?al may be put -in terms of the

1
momentum transfer: v

- 1/(32Mq1) f q,q,dM, dM,dt dcose deosd dq, df,
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-1/(32Mq'l)fmldmedtd(qacosea)d(qccosec)dcpadcpc (&)

. Further, if the probability density is not unity (phase space), but

. At
contains a factor.e one has:

‘/pthx(Ml;MQ) éAtdt =u/\uMax(Mi’M2) au  (u = eAt/A) ' (5)
Eypin (Mo Mp) 7 Yuin (M, ) |

Thus, éll kinématic~factors‘have been cleafed from thé integrand. This
is all that is reéﬁiréd for the generation of uhweighted events. Once

: variébles have been found fof.which_the-integrand is uhity, as in (4)
and'(S), a multi-dimensional cube may be constructed’circumscribing the
region of integration-ii.e. the extreme upper and lower limité are
fouﬁdnfor each vafiablé.' Events:are generated uniformly within this
cube, and hence within the physical région_as ﬁell, with those events
lying outside the physical'ﬁoundary subsequently being ?ejeéted.v.

A éonsiderable amount of time is wésted, since‘ﬂEfmwsiCal region
occupies only a small portion of the volume of the cube. Fof example,'
a_éample of . 100 000 events of reaction (i) was generatéd‘by this method
in 2051 seconds of C.D:C. 6600 C.P. time. Générated_accofding td_e8t~ |
fimes phase épace, the phyéicél regioh‘océupied somewhat over 3% pf- _
the vqlﬁme of the limiting égbe at the lowest méﬁenﬁﬁm (2.95 GeV/é),and

less than 1% at the highest momentum (4.08 GeV/c).
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Appendix D. ONE-MESON-EXCHANGE MODELS

In Section IV comparisons were made between experimental results

%

and predictions of the one-meson-exchange-with-absorption model (OMEA)

and with a form factor approach of G. Wolf (OMEW).29

In this appendix
‘the method of computation with these models is described and a few

additional comments made about them.

1. The OMEA
The OMEA calculations are based upon the treatment of John T.
Donqhue.as- The.relevénﬁ'équations fof comphtafiqn with'the'OMEA are
given in great detail in his tges;s and will nét be repéatéd here. A
few.general cémments %ill 5e made,.hoﬁever, and cérrecticns to
typographical errors in the thesis noted;
. In_the OMEAlit is assumed that for a single-partiélé éxchange

process, the partial-wave amplitude may- be written,
. . | . -v |
) J V2 pd Jd V2
My = (sff)/ By .(Sii/ |
--i.e. as the product of the Born amplitude with the square root of the
elaétic4scattering S-matrix elements in thé initial and finél‘étates;
Furthér, the elastic scattering S-matrix is assumed diagonal and inde-
pendent of helicity indices. It is conventionally parameterized as,
. .J 2
g~ 1 ce(7(3A7)
where C and y are given by,
. . D
C = of (4na), 7 = 1/(297A)
" o being the total cross-section, A the slope of the forward diffraction

peak, and g the c.m. momentum. Thus, Ci and 7, are fixed by4n+p elastic

scattering and total cross-section measurements; whereas Cf and Y ere
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- not independeﬁtly détermined by experiment, since they involve the
elastic scattering of resonances. Fromvthe values for g and A of
Appendix A, C, 'is determined to be .8 * .06, .84 £ .06, .83 t .06,
.81 + .66, and .80 + .06 at the five momenta respectively, aﬁd y. is
060 * .00k, .055 + .00k4, .0k9 + ,003, .oh6£ .003, and .042 + ,003.
Values ofvcf\and Ve will be considered later.

The B%i are terms in_the partial wave expansion of Born heliciﬁy
'amplitudeé. The Born helicity amplitudes are given in Appendix.C and
the.expansibn discussion in Appendix D of Donohue's thesis. The
following corrections were made to typographiéal errors in those
appendices (with the help of Dr. J. D. Jackson):

1. Page 168; E, = ... Eb+ m,o (not Eg* mb)

+

2. Page 169: .. (sin(6/2))Ne N (cog(g/2))NeRd N

Bxckdgxb_=l
o (sign of N\p switched)

. Page 17h: D — add final parenthesis
3 ge 1T Vstlp = ) ( . inal paren ésl)

) - ' 1 ;
b Page 17h: A = .. GB*BP | (not GB*BV)

' »5. Page .175: 'bo-'/zj%:'/g;‘.“ g; _v(x':o*c gi')
6. .Page’}?S: .bl{é;ﬁé‘ﬁ'f":rg( (addipa?enthesis)
7.: Page 176: Abl%$j$£==f,Q.ér3(licos9)(l%co§6)§i¥(2Ed/md)'g _
| | | (COse-vd/vb)g;))
' 8. Page 184: D.L and‘D.6{ ]A-u|/2,|%¥g|/2 (factorvofjé-neéded)
- In addition, Donohue'é statement;, in his Appendix.A;'cQﬁcerning
the calculation of the 4 and e functionsiwere studied and found to be

correct. The only satisfactory method found for calculating the 4

functions was the forward recursion relation, and for the e functions,
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it was neceséary,to run the recursion relation backward (Allvcomputing
was done on the CDC 6600).

| Having digcussed the calcqlation of_the heligity amplitudes, the
expréssion for do/dt and for the joint-helicity density matrix will be

giveh. The processes under consideration are of the type,

a+b=-= c+d
where a and c¢ are mesons and b and d baryohs, and for which the spins
and parities are O ,jé", L, and 3/2+ respectively. Thus, there is no

helicity index for (a). .Defining,
2.

N = 2 M5
AbAcAd M%c%dfkb

then, with q the initial cam.rmomentum and s the square‘of'the c.m.

energy,

do/ at N/ (128x éeé) |

o » o .
Baaenaka TR B e
Phche T Nd Paoheinia

where_the R and p ére joinf helicit& density ﬁatrix élements and helicity
density métrix elements for fhe:ihdiVidual_finalfstate ﬁéftiéies
réspeétivel&.. As nbfed in the text,’if thé.R andvp are dééired in ‘some
frame othér than‘the heligity frame;‘a.further‘rotétion_is‘neceésary.

--In Sectioﬁ IV-A'thé‘jpint angular decay.disfribution wés given in_
» k; The relafion of the Rk to

the joint helicity dehsity matrix elements is given in Table D-1. Also,

terms of th'ep £ and certain pé_rameters‘ R

the parameters were obtained experimentally by averaging certain
functions of the decay angles over the distribution, and these functions

are displayed explicitly in that table.
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Table D-1. Relations between the angular distribution parameters and

the helicity matrix elements, and:their expression in

terms of the decay angles. Only the real part of the

helicity matrix elements contributes; so, for convenience,

» has been wrltten for Re | R (As

R A& NN Aehd 3 AN
- used below, k = 25 /3/16)

Parameter Helicity matrix elements ' Angular functions

(] .
Po,0

Cc
P1, -1

Y<5c08%0 ,-1>

pgﬁ,: z R@';nn : ..-(:5/)4.)<sir1290c052cpc>, |
,-(5/4Jh)<sin26ccosmc>
|  (1/8)< T-15c0s%0g>
pgh’z % Rﬁm;nn' -(5/5/8)<31n26dcos8md>
'(5/—/8)<51n29dcoswd>

' ) . i -' - o .
7R11;533"R11; -3, -3R1159, 1700, 35" R00; 11 F1;511)

(25/16) )<(1- 3c0529c)(l 305204 )>

R -(25/16)<(l-3cos2€d)s1n29ccosa$c>

1,-1;337°1,-1;11
lO 33 lO 3, 3 lO 11 RlO,—l -1
-(25/8V")<(l 300526d)51n290cos$c>'

- - 2 2q..
ll 3,-1 Rll 1, _3 OO 3,-1 k<(1-3cos<6.)sin Gdc052$d>

K< (1 - 2 .
11;31 ll;-l,-3 00531. k<(1-3cos 8.)sin20gcosp s>

Rl,—l;3,-i . ‘ k<Sin26csin28dcos(2$c+2md)
Rl,-l;-l3 o k<sin29¢sin29dcos(Qpc-ayd)
Rl,-l;3l T | g<s;n29csineedcos(2@c+¢d)>"
Ri,-1513 . . k%sin2605in29aéos(amcfwd)>

R10;3,F1+R10;1,-3 B kﬁ§<sin29csin29dcos(@c+8$d)>

R10513;2%%105-13 'k 2<s1n20,51n20qc08 (9 -204 )>

R kv@ksineecsinaedcqs(@c«$d)>

10;31 T10;5-1,-3

R

10;13-R103-3,-l k/2<sin26,sin203c0s (P, ~p¢ )>
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A computer progfam was written to calculate dc/dt and the angular-
distribution parameters, according to tﬁe OMEA procedure outlined above.
Results for N*p and-N*w'prbduction were checked with output furnished
by Dr. Jackson and seen to agree with those of Donohue. Thus, there is
_good reason to believe that the OMEA éurves which have been calculated
afe correét.

One feature which'ﬁas added to Donohue's treatment, wﬁs integration
over the double—reéonance mass regionf In most pre&ious work the
calculafions were perfbrmed using the céntral values of the resonance
‘masses in a "zero-width" approximafion. These may be easily modified,

however, to account for the finite resonance widths by adding a factor,

oo P

E-2)2n 2u) |
where M is the invariéﬁt mass of the resonaﬂce system.e5 The resonance
parameters used éré'those'of Table B-1l. |
o The réﬁéining OMEA pafameters ﬁhqse valﬁeé must be fixed are the
coupling consiants, Cf, aﬁd 7f.“The véluesvof the coupliﬁg constants
uséd are  those of Donbhue. - For N%p'prddQction thgse ére Giﬂﬂ/#ﬁ = 2.0
and Gf*pN*/hﬁ = .43, Sihce'this is a Pidn-eXchange.reaction, they appear
only as overall multipliéative'cohétaﬁfs and‘only_serve to scale'dq/dt.
That is not true.for N*w production.‘ Fbr Vectof meson exchange there
are three coupling constants af'the,pr*f+.vertex, and their fétios
effect‘the_dénsity'matriées és weli as'ad/dt. The'Donohuérvalues
(relativistic Stqdoléky-Sakurai coupling) are Gipn/ﬁﬂ = 10,
(G§*++pp)2/h“ - 40, G§*++pp-= G§*++bp’.G§*++pp=o° Ce was chosen for

maximum absorption, C_, = 1.0, and 7£ was set, somewhat arbitrarily,

to 2£7i.

f
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Pigs. (D—l énd D-2) illustrate several bf the basic features of
the OMEA as applied to N*p production. Fig. (D-1) shows the differential
cross-section. In (A),tde -simple Born-term'curves are shown, (é) with
and (b)‘without the zero-width assumption, along with the OMEA curves,
likéwisé (e) ﬁith and (d) without that assumption. The effect of the
integration over the N*p mass region is'apparently to lower the curve
by ébout a faqtor of three: It is also clear that eﬁen with absorption,
the model does not.account'for the sharp forward'peaking. In'(B),Vthe'
Born (a) and OMEA (b) curves are shown over the entire range of momentum
transfer, with the data (as well as the curves) being‘fof'the central
momentum. In (C), the dependengé updn the incident momentum is sthdied,
with curves at (a) 2.95 GeV/c and (c) 4.08 GeV/c being shown with the
weighted sum of all the momenta (B). In (D), the effects of changing
Cp and 7, are shown, with_(c) the normal curve at 3.53 GeV/c, (a)
7 =% 7;» and (b) Ce = 9. Thus, changing C, radically effects the
slope of do/dt, whereas changing 7f'primarily effects the height of the
curve. In (E) the dependence upon the mass coordinates is_demonétrated.
Using the Zeré-width approxiﬁétidn, and arbifarily nofﬁalizing the data,
curves at the center ((b): M(n+:f-) = .77 GevV, Mv(§r+p_) =‘l.22 GeV) aﬁd at -
the extremities of the N*p mass region are shown,((éjz M(n+n—) =f.86‘GeV,
M(x'p) = 1.32 GeV; (&): M(x'x") = .68 GeV, M(x'p) = 1.12 GeV). (F) |
illustrates one aspect of the OMEW modei and is mentioned in Par£ é.

Fig. (D-2) shows the Prs for,N*p production. The curves either,
have no symbol, or a small square, or a small diamond affixed to them
at regular intervals. They will be referred to as curves (a), (b), énd
(c) reSpectively.in what follows; Curves are always drawn for the

central momentum (3.53 GeV/c), and the data is for all momenta combined.

"%
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‘In (A), (a) is the OMEA curve, (b) the OMEA unique-mass curve, and (c)
ﬁhe Born (integrated) curve. In the helicity frame the Born predictions
are, of course, not the simple ones of the Jackson frame--e.g. pg’o = 1.0,
with the other pfi beihg zero. The OMEA.curveé are seen to be in better
agreement with the data in all cases, however. The unique-mass OMEA
curve is seen to differ from the integrated OMEA one only slightly and
there (in.the t boundary region) to itsrowﬁ disadvantége. In (B), the
backgrouhd-corfected data points (bare error bars) are plotted along
with the usual uncorrected points to display the slight differences
between them. Inv(C), the momentum dependeﬁce is.exhibited with curves
at (a)>2.95 cev/e, (b) 3.53 GeV/c;‘and (c) 4.08 GeV/c shown to differ
only slightly from'one-anothef; -In (D),-the éffects o’f‘changing,cf and
7p are shown. The normal curve (a) and one with 7, =Y 71.(0) being
nearly identical, whereas the éurvé-with Cf = .9 (b) is mﬁch closer:to
the Born curve of (A). In (E),bcurves afe'drawn for the unique-mass

OMEA for (a) M(x'n") = .86, M(x"p) = 1.32 GeV, (b) M(x'x") = .77,

0

M(x'p) = 1.22 GeV, and (¢) M(x'x ) = .68, M(x'p) = 1.12 GeV. Quite
» : ' : * ' -
substantial differences are seen for the different N p mass values.

~In (F), the Jackson-frame'prediétions and data values are shown.

2. The OMEW _
Calculatioﬁ with the OMEW model is muéh simpiér'ﬁhan forvfhé OMEA.-
Of course, less informatioﬁ‘is thaihed; since only do/dt for‘N*p
prodpéfion is computed. The-fiﬁite resoﬁance.widths érevtaken intqb
account, however,vand‘a correctioh_is made for the T = 0,2 S-wave
cont?ibution to 0£+ﬂ_(mp). The rgléﬁant equations are given in
referénce 29, and only a few comments cogéerning fhem will be madevhere.

* . ' '
The OMEW model for N p production is a one-pion-exchange (Born term)
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model, modified by a form factor G(t):

2
c-m (c 2)

G(t) = = 2,29 £ ,27 GeV
c-t '

Elastic éﬁattering cross-sectioﬁs, modified by off-mass-shell corrections,
are used to describe the mass dependence@f'the differential.cross-sectibp.
The OMEW prediction for do/dt is plb_tteq in Fig. (D-l:F')... As is
noted in the text, when the baékgrdund'cdfrection is made to the déta;
the OMEW curve iies well above thé data péiﬁts. This ﬁrobably feflecté

the way in which the parémetér ¢ in G(t)twés obtained, and is not
necessérily a defect inherent.in the msdéi; " |

To examine the effect of thechrrectiqn fof T = 0,2 S-wave
contributions, the OMEW progfém WasArun_wifﬁout thaf'correﬁtion. The -
resultant curve was plotted"oh‘ﬁhe‘pfeviousl& meﬁtioned figure;_aﬁd is

-indistinguishable from the normal OMEW curVe.>

)
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Appendix E. METHOD OF MOMENTS AS APPLIED.TO do/dt

The usual procedure in parameterizing the momentum transfer
distribution is to make a chi-squaré fit to the'disfribution, varying
the parameters involved. One defect iﬁ this procedure is the dependence
of the results upon the particular binning séheme uéed, especially when
there are few events. In anAattempt'to circumﬁent this difficulty, a
procedure employing the method of moments was investigated.

For any normalized distribution f(t,A) the following are true by

definition: o ‘
1 = f f(t,’A)d.t‘ (1)
oS- f Fe(s,0)ab - o (2)

where fhe integfal is 6véf the full rangé of t.in Quéstion. In principle,
for any hypothetical f(t,A) one can sol?e thé above set of integral
equations for the 'pa-rameters: of the disfx;ibutidn (A) in terms of the
experimentally observed %ik>; Iﬁ pfactice, of course, that is not an
'easy task. | | ‘
For the momentum tiansférdistribuﬁion,vthe_s following density
.functién was used: - - |
N £(t,A) = keh®
As mentioned iﬁ the text;'thé inter&él .é %-t <.5-(GeV/c)21was-ﬁsed,
s0 the mass dependenceléf.thé lower limit‘bf integration was eliminated.
Equations (1) and (2) become:
' : 2 . 2
1 =:[ kePtat =—k/A[]faAF ,
1 : -

= k/A(e 0 <-t, <-t

1

Aty _Atoy .
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2 2
<t> =;/\kteAtdt =-k/ALfAt(-t+l/A)
1

- k/a% (At -eAt2)-k/A(tleAtl ) _ -

]

1/ - (8, -t,e %)/

17t (1-e2%) At = |t -

= Jtpt) |

Thisnequation was-eaeily.solved numberically for A (usimg the Varmit
‘vmlnlmlzatlon program) and, as noted, in the text, gave results compatible
w1th those of a chi-square fit to the data. When the method was used in
an attempt to gain further information; however, the result was completely
unsatiefectory. |

Sinee de/dt for N*p broduction has a decreasing1logarithmic_lepe,-'
e seeond parameter‘was added to the density funetion:

| 2
£(t,A,B) = keb® * Bt

‘Using the first two moments of t w1th this function, the minimization
 routine failed to find a suitable solutlon. Uhfortunately, it is not
clear to what the failure is due. The function is not directly
1ntegrable, and various expedlents were employed in carrying. out the
1ntegrat10n numberlcally, s0 that the fault may lie with these or w1th '
the.limited range of t or with the limited number of moments of t used

or limited number'of:evehts'in the sample studied.
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