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- INTRODUCTION
Most of 6ur knowledgé'of non-strange baryonic resonances has
come from "eiastic (séatfering) phase shift analyslis” (EPSA)
p (pa;‘tial WaV?S) - Tp, ) » : (1)
as d_iscusse‘d.at this conferénc_:e by Lovelace and Steiner.
In this paper we give:
I. A brief survey of inelastic cross sections (mainly via figures)
and experiments (via two tables). |
II.V ‘A summary of what very little extra insight (beyond that from
EPSA) has come so far from the inelastic final sté.tes of Nzi< resonances

when fheée are formed in the s channel
. x .
m =+ N - g, nN, KA, -« - .- (2)

III. A discussion éf whaf .useful information (branching ratios and
s‘ignSIOf amplitﬁde s) may be exi)ected in the _ﬁext year or so, and their
' relation to SU(3) clas sificatioﬁ. | . | -
g _ i o » L We cons.ider.ed,' but' <.iid_not' writé,» a Seqtioﬁ IV on the production
:61.' N-*'s in réacti_ons like >-rrp %>'nN*, 'pp - N*p; Howe'ver,l we conc_lud;ad
that these ekperiments, while. valuable és studies of the production

process, are not yet very illuminating in our context. They do yield
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significant bumps® at N*(1400, 1512, 1.688- .++), and A(.1236 and 1920),
and also a bump in the 1r+'rr p spectrum at 1560 MeV However, the N*
(1400) bump seems to 1nv01ve constructive 1nterference of both the P11 |
resonance produ_ctu_)n and diffraction d1ssoc1at10n, 3 the N (15 12 and
1688) bumps probably invclve several unresolved resonances, and the

Trfw+p (15 60),_cou1d‘ well be a kinematic effect. 2

1. BRIEF PICTORIAL SURVEY

'First we summarize ‘rr;p cross>—s,ection info.rm.ation4’ 5 in Fig. 1.
The difference between dtotv.andvthe eum of the lower curves is of course
' essentially made up'hy charge exchange For Nz/ resonances
Oc.e. /Oel = 2/1 for Ni/Z’ = 1/2 As we shall see in F1g 4, the most
abundant N channel is 1T+'n' n, then comes T T p, then nonon

The Fig. 1 insert is’ a compact way of 1nd1cat1ng the energy depend—
_efice of the populatlon of the A('1236) bands of the 1T+1'r n Dalitz plot The
bars, sol1d and open are exper1menta1 rat1os the curve for comparlson
shows where the surn of the two A bands would fall if the Dalitz plot
populat1on were un1form. : ; ‘

A typical ot "n Dalitz plot at T_ =900 MeV W = 1688 MeV) is-

shown inA.Fig. 2. Half the dots fal.l in the A-( 12.38) band, even though it
. occupies only 15-20% va the area.v' 'ThevAv+ band.shcws ..n'o enhancement
(nn” is much Vles's' strongly coupled to I - 3/2). | These facts are noted in
the insert to Fig. 1 as a solid bar at 50% population for T_ =900 MeV,
an open bar at 25%, and a solid line at about 36% which represents the
sum of the fractional areas of the twc bands., The inaert s,hows that

N is the dom1nant final state in 7 p - 7N over a large energy range.

ThlS should 51mp11fy the partial-wave ana.lysls
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Figure 3 surveys 1r+p cross sections, 6 Most of the' comments that
we made for n in fig. 1 also é,pply to Fig. 3, Here there are only two
chérge states, 1r+1r0p and 1r+1r+n-.

Figure 4 apportions the total o(wnN) of Fig. 1 (n p) and Fig. 3
(1r+p) into the individual charge channels, 7 and gives sorﬁe measure of
the consistency of the 'expervivrnent,a_,l data. Note the dominance of the '
two channels (TT+TI’—n and 1T+1r0p) where we expect, and find, large A-band
enhancements., To expand on this pbint we write down here Eqgs. (37)
and (3+), which are just a display of some products of squares of
Clebsch-Gordan coefficients. We a'ssurrie that the three (mrN)O channéls
come from a pure I = 1/2 'a.mplitude Tr‘-p - N*(;/2 - wA., Then the re-
sulting relative populations of the A bands are: | |

1'r+n‘n'_ o TI'OpTl'— : 1r0n1r0. , (37)
—r :

¥

149 =10; 2+2=4: 4

Similarly for Tr+p - N3;; - 1A, we have
+ 0 + 4+ v - +
T pw o onm. v (37)

-y haga o

9+4=13: 2

The experimental cross sections of Fig. 4 are.in fact ordered in
size in just the sequence given by Eqs. (3).

So far our piét_br';al’ survey has been too crude to mention partial
waves; however, from EPSA one can éf -coui‘sé pfedic‘t the sizé of the
inelastic partial waves; in faét Eqs. (4) show thatvoinel is just vpvropor- ,
tional fo the hatched area on the Argand plot of Fig, 5, To sée this,

just compare
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. 2
n exp(216) - 1 | (4 el)

21

Q
I

a2 4 (2 - 4y 2 1
ol =AM (T4 ) [T = 4m (T4 5)

0yey = ™ T+ D) (1-0%) = 4m® (T + ;-)[(%)Z ~(D%1. (4 inel)

Next we turn to the available experimental data, which we list in
two table s':

Table I (n p - nwN). TWO dozen small hydrogen bubble chamber
experiments have been ;vn_xb'li‘shed with anywhe’re from a few hundred to
2000 inelastic events each, or a total of 23 000 events in all. Experi- v
ments now underway are listed in p_arentht_eseé. A European effort is
nowi ._aiming at 40 OIOO inelastic events I;er year, a.rvld‘ aﬁ LRL—_SLAC_
collaboration is comparable, (LRL-SLAC exposures are indicate_d as
inserts of ~;OOO inelastiq events each,) _ | v

Table II (Tl'+p - mrN')." .The published daté. are comparable with
those Qf Table I, but there does not seem to bélaé much.intérest'in
large new runs, presui'nably,be'cause. in this energy ?énge there seem

e
<

to be fewer A resonances to be sorted out, than N1/2 resonances,

I INELASTIC PARTIAL-WAVE ANALYSES

To physicists familiaf with the gréat successes of hydrogen bubble
cha‘mbgr s-channel resonance formation‘expel;‘iments' in diScovering and
identifying Y (1520), Yf(iééO), ¥7(1770), and many others, it can be
surprising that sirﬁilar experiments with mp - nnN have byieldéd much
less information.

The explanation is probably that until recently K.’p éxperiments
seemed more promising than those 'with mp, for sevéral reasoné:

a) the Y resonances seemed to be narrower, hence easier to resolve,
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"and more numerous;

b) copious inelastic finalv states like wA', Tz, nA(iSZO)_, are two-body,
or quasi-t\;‘/o -body, and hence easier to.analyze than #lN;

c) the subsequent K or Y decays make it pdssible to observe even
neutral particles, and yield extra data on the weak interaction, making
each event more informative.

Anyway, whatever the reasons, tiqe largest bubble chamber groups
tended to build electrostatically separatéd K~ beams, collect and mea-
sure h»u:ndre'ds'_o'f thousands of events, anvd carry out detailed partial-
wave fits to the data.

By contrast, wp ekpefiments were considered less exciting and
have really only become reputable with the advent of high-quality polar-
ization data and the thorough phase shift analyses. In fact this confer-
ence is van example of reawakened interest. Until recently, the wp
inelastic channels tended to be studied by smaller, more dispersedv
groups, who measured fewer events and gbt less from eac.h. meaSur.e—
ment,

Just as the wp data are less complete than the K—p data, so éor-

respondingly less effort has gone into understanding them,

A{t a given c. m. energy in a three-body final state (e.g., nwN,
or mA, where A — N) the mc.)me_nta' are specified by four independent
variables, which can .be thought of as the two. coordinates "interﬁal"'td _
the Dalitz plot, and two "e);térnal" angles, épécify‘ing for example fhe
c.m, pvroduction.anvgle 61 of particle k1, éhd the azimuth Vangle ¢, be-

tween the planes of production and decay of the diparticle (23). The

Kp style of operating has been to write onto a data summary tape these
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f;nur variable's; for each .event, then make a partial-wave fit to all the se.
data, Sometimes data from sevérél expebriments have .then been pooled
to extend the energ? rahge and improve the statistic s;

The mp analyses have been much less pqwerful. T]‘ae"ea;rly advo-
cates of an "isobar model" were Sternheimer and Lindenbaum, 9 and
later Ol.'s son aﬁd Y odh, 10 Both papers fitted only mass and angulaf'
disfriﬁufiohs. Let us discuss what frac'_cioﬁ of the information one loses
therebir. Since \%/e' afe aealing with partial'.Wave's up to J = 7/2, we ex-
pect Legéndré pdlynbm’ials. up to P, (cos ) to show up iﬁ an expansidn.
Hencve'_’a.pro‘p‘er treatment woﬁld'assign 10 to 20 bins to each var.iablé;
fhen iri"t’he space -of all .foﬁ:r_ variables we expect more than 1_04 signifi-
cant bins. 'Instéa.d thé current style is to fit at most the three (corre-
lated) .projectiéns of the Dalitz plot an_d (omitting the. correlations)
about three mére prodﬁctidn angles, one for each pé,rticle.- To our dis-
appointrﬁ'er_it, it 'is hard to say how much informatioﬁ is Ithus~1ost, buf
it seerﬁs to be vconsideliab"le; | | | |

We know of n:c.>bAod;.r so far who has bothered to'c'ollect‘ any appre-
ciable ‘f‘raction of the total data available and make a complete fit, Aé
we said above, now that the EPSA‘-'S_ have shown us there are many
resonances ﬁnder eachv bump, Waiting for their moN modes to bé dis- |
entangled, the field has become reputable; and yéu may expect things
to change. But it will take a year. Meanwhile, and with apolo.gies, let
us discuss what little has been learned so far, |

1. 1=1/2, «N > naN

From the phase shift analyses of elastic pion-nucleon scattering,

it is known that in the enérgy region TTr < 800 MeV [EC m < 1630 MeV],

o
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all partial waves with J <5/2 have sizable inelasticities. On the other

hand, the amplitudes for J 27/2 are either elastic in this e.nergy region,
~or are just about to start becoming slightly inelastic. In Fig. 6 the

partial-wave inelastic cross sections

0,y = mxZ(I+1/2) (1-1%) (5)

inel

(éxcluding'elastic charge exchange) are shown for J < 3/2. The values

of the elasticity parameters n = |S§e]‘£)| are taken from the analyses of
elastic 7N scattering by different groups. Except for 7P = 3/2+ (P13)’

these inelastic cross sections show resonan.ce behavior. The well-
established I = 1/2 resonances important for thi's"energy region are
listed in Table III. - |

For all of these resonances except 811( 1550), the dorﬁinént
"inelastic' (1. e., .non-ﬁN) decay channel is expected to be naN, whereas
for the 811(1550) revsonance, this debc?ay rﬁode is probablyvﬁni.rriportant,v
the dominant "inelastic' mode being-nN in this case (see Fig. 6).

From ahélysis of the inelastic _feaétion m™™N - .TTTI‘N,. one hopes to

(i) separate the various reaction amplitudes accor.ding to their JP _

values;
| (ii) further sepa‘rate, fof each JP, 'the different interfering decay
channels' such as w4, "g" N,. or "p'" N, (Here "' stands for an I = 0,
S-wave ww pair in aﬁ attracti?e but not neceésarily resonant interaction,
while 'p" .sta.nds for a pion pa‘.ir vin'theA I=1, P >Wa\‘ré state with a mass
beldvs; or around fhevrho rﬁéson resonance mass, Note that the 1704-
MeV thre shold‘ for productién of pion'pair.s vﬁth a mass of mp = '7.65 MeV

is at T_ =925 MeV., )
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In contrast to the partial-wave analysis of elastic wN scattering,-
the difficulty with three pa.-rticle's. in the final state is that the complete
partiél-\ﬁave expansion is not iinique. For >a. given overall JP one may,
for eXample, expand the amplitude into a series of terms labeled by the -
quantum 'nufxﬂbers shown iﬁ Fig. 7(a). Using such an expansion [we cé.ll
it the (12)3 expansion], one analyzeé for definite anguiar momentum
and isospi'n' states of. the ('12)‘_ éubsystem. Transition amplitudes into
Staté's with a defiriité' ang'ula.rc'.momentufr.l in, for exafnple, the (23) sub-
systém however would, in the (12)3 expansioin, in gené'ral be represented
bir a la_l‘ge number of terms, »a'nd Wbiild not be easily r'ecognizable. To
simplify the 'problem it is usu'.ailjr assumed that, for each of the three
pairs of particlés in.the> final state,; one or a few simple sets of quantum
numbérs’dominate, :dﬁe to some strong two-body final-stafe interactions
in certain angﬁlar momént)ﬁm and isospin statgé. For each two-particle
subsyjsteli’n,'. in additioﬁbto the few states assumed to bé enhanced by the
fina.l—svtate intéfaéfidns in this pair, other s_tat‘es’ wili’ in .general be
sup.erimposed as a;'cdn.svequ'evnce of the final-state interactions in the
otﬁe_r pairs., In this way',' one arrives at an i's.obar model, with inter-
actions in eé.ch of the pairs [Fig. 7(b)] | If one further specifies.the
dynarﬁical form of the interactions in each of the pairs (by an energy-
dependerit two-particle scattering phase shift, or simply by a complex
propagator or ‘scattering length), one hé's a complete para:meterization _
of the three-particle production amplitude at fixed total energy E. This
may then be fitted to the experimental data., .

The status of the phenomenology involved and the results froz;n.

various attempts to analyze the pubiished data on 7N — 7N in the I = 1/2

a4
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state have been recently reviewed by Morgan, 7 First we discuss the
methods, then the results,
Two different approaches have been used. The first of these, as

1 is modél—independent, One uses

basically only information on the production angle distribution do/dS,

ignoring information on the specific properties of the decay of the inter-

mediate state into the final N state. One expands dq/dQ (which for a

‘three-particle final state depends in general on two independent angles

that can be specified in different Waysf’l:z), into a series of, e.g., spher-

ical harmonics:

*

d0/dS (cos ©, ®) ='Z AVY (0, 8); . AT = ()

4 m

The expansion coefficients A;n can be expressed as a. sum over.contribu-
tions from the various bilinear combinations of amplitudes correspond-
ing to different JP, 'in complete analogy with the Leg'erid:re polyno’rnial
expansion of elastic scattering differentiai cross sections. 13 In par-
ticular, ‘with the choice (a) of the production angles @,. ® as defined in v
footnote 12, and with M being the component of the total angular‘rhomen—
tum j’ normal to the plane span_ned by the three final-svtate c.m, momenfa,
the following rules apply:i,l_l |
(1) There can only be terms with £ +m even. 12a
(2) The interference between'twé partial waves with J, M and J', M!
contributes only to A;n wifh lJ -J! | <! s J+J'and m = M - M', |
(3) The absolute magnitude squared of a partial-wave amplitude éf

angular momentum J contributes to Ain with even £ <2J - 1.

(4) The interference terms between two partial waves of even (odd)
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rvel“a.ti've parity contribute oniy ta A;n Wifh— £ = even (oda).

(5) T'he'ampl'itt'u.ie label.ed by J, M‘-corréspondé to a t'ré.nsitio'n in a.
state with pai‘ity (.;)M-”, where . is the c'omponent of the'sﬁin of the
final nucleon normal to the plane of the three final-state c. m. momenta,

This ’expahsidn then allows vone easily to estimate thé highe st con~
tfibuting’b angular Ihofheﬁtum T ax’ and, 'hopefu.lly,' tb identify the be -
havio'rr of p'afticﬁ,lar paftial waves from the behavior of those expansion
coefficients to which these partial waves cohtri_,vbu.te_.l' One éaﬂ study the
eibé.nsibn é';)éffiéiénts (.asié.- fu;nctrionb of the total energy for example)
either]ihtegra‘t’cedv over the D_alit_z plbt}‘i or for individual 'i'égiéhs of the
Dalitz 'p'lot; >A1.;‘n()'1d and l.J'r‘.et;'éky'M héVe i—J.sed this method to check'c';)n—'
sis’cénéy’ of nnN data 'with' th‘e.ineblas-ti_ci.ty détefmihations’ as plotted in
Fig. 6. Aléo Roberts!® has used dq/dﬂ data restricted to the A band
of the ‘Da.'litz plot and chec'ked‘to' vsee_.}Whe'therl d_ecay fromvthe_ different
¥ _chaririélé into just th.eb.TrA cvonfiguratbioni'ﬂsa;tura‘t'e-s tl'vl.e‘total inelasticity
known frorﬁ EPSA. : | |

The second abpfoa’éh consists in fitting an isobar model, 16-19

that gives information on both (i) and (ii) above. Thurnauer, 17 Olsson

and Yodh, 10

and. Morgan, 7>'.a'n.alyzing the region TTT < 800 MeV, -,have'
used essentially similar models, in whicfl the full amplitude is the sum
of the three "isoBar" amp'lif:udes of Fig. 7(b). Their assumptions differ
mainly in which partial-wéve transit;ions they include. Ols‘son and Yodh
use A and "_("N)I:' 1/2,]5 :wave final sta1.:es (i.e., they assume wN final-
state interactions in 1= 1/2, J¥ = 1/27 "(aN)g" and I = 3/2, J© = 3/2"

| UA" states). Thurnauer'17 uses nA and "¢g'""N. Both a.ssu‘me‘onlva—wave

production of the 'isobars.' Their assumptions are not as different as

10
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they might seem since there is very strong overlap between S-wave
TT(TTN)S and '"0"N final states, in each case all fhree particles being in
relative S waves,

Morga.n7 in addition considers "o !'N states (the 'p' being described
by'»the tail of a resonance pole at 750 MeV), and adds P-wave production
of the isobars, |

As mentioned above, the final states considered in the isobar
model in general belong to different complete orthogonal sets of states,
corresponding to the different possible couplirig schemes (Tr,lTrZ)N,

1
8 choose a some-

111(172N), or wz(n1N). Thei‘efore, Namyslowski et al.
what different approach; They do nof just add the three separate 5:_9_13_1_;-
plete amlﬁlitude s, as given by the isobar rnbdel for transitions into these
various final states, hsteaa; they project all final states onto a comfnon

set of complete states, : say the one corresponding to the (r )N coupling

172
scheme, and then ‘only add the contributions, from the different terms
of the isobar model, to the amplitudes for transition into the few lowest
states of this set (i. é.; just the ones whose presence is actually indica;ced‘
by the experimental data). While this procedure is not much more com-
plicated than the straiéht'isobar model approach, Namyslowski et al,
suggest that it is more systematic _since one deals with just one set of
amplitudes, defined in terms of ‘one complete set of quantum nuvrvnbers '
of the (initial and) final state. |

Naturally, this apprc)acﬂ can be éx_tehd_ed beyond the isobar model. -
However, the present experimental data, entirely lacking in polarization

measurements, leave the phase shift analyses badly underdetermined.

Hence in the analysis at present one is forced to make simplifying
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assumptions, which amounts to using an isobar model. Whether the
NamYslowski et al. approéch to the isobar model is a more é-conomical
deécripfion of what is goirig on in 7N - wwN, than the stra'ight (.v"naive“)
isobar model, may soon be learned as more accurate data are subjected
to phénoménological analysis, |

Finally, ‘orie may, withinbthe isobar fnodel, buse. t and u éhannel
exchange arnpiitudes to de scribe‘the cor.itri.l.)utions of the paftial waves
with higher J to ‘isobar production i.n c‘lo_sved forrf_i (i.e., vwifhout having
to introduce arbitrary parafnete-rfs for each isobar prddtfction partial—v
wave amplitude). Thus, p exéhénge is expecfedto be i‘mpor.tanf;_ for
N - wA, and pion exchan‘ge. for TrNV—F vON or mN - pN.

The results from the pubilish'ed anaiyses are summarized in
Fig. 8. |

(1) P11: This partial wave is strongljr seen in the 7N — 7N reaction

above TTr = 300. MeV. Al analy.ses"agree that there is Pi:

N 1

wave decay (which has 90% overlap with P11 - 7 "N)S-:\wave’ S Warve,

._, '.'O'"N, S- -

integrated over the Dalitz plot). vIn.ad_dition', there are indications for

- Pi,l—»nA, P. wave, and/or .Pii'—’

Morgan's analysis7 suggests a large P'l'l - "p"N, P-wave amplitude,

"p"N, P wave. For T_>550 MeV,

v possibly‘resonant. In fact the CERN a.na.lysis20 of elastic 7N scattering

suggests a second, 'very broad P,, resonance at Ec m - 1750 MeV -

11
’(Tﬂ = 1010 MeV).

(ii) D,3: The inelastic decéy of this resonance (Fiﬁ/rt = 40%) is A

ot
clearly established to be dominantly D13 -+ wl, S wave. Only Namyslowski

et al. 18 assume an equally large contribution of D13 -+ wA, D wave which

seems somewhat unplausible in view of the centrifugal barriers involved,
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I\./Iorgatn7 finds in addition contribution from D'13 - "g'"N, P wave.

(iii) Nothing is know‘n.yet about the magnitude and decay channels of the

P13 and S11 into wwN, Also. the decayl modes of the D,15 and F15 states

(both reeonant at TTr ~ 900 MeV) into nwN have riot yet been studied in
detail, 'Robertsis finds verﬁr little (< 30%) wA final state, whereas
Coura.bu21 i‘.its the data (ikith D15 and FiS N plus p exvc‘hange leading
to ®A; both authors, however, neglect interferences with other possible

decay modes,

2.‘I=3/2, N - N

'(a) Threshold (T_ = 270 MeV) to T_=820 MeV  The N - mrN
110

data in this region:have be.en'analyzed by Olsson and Yod and by
Namyslowski et al.'v'18 ‘Let us summarize their results and compare
them with the 'results on inelasticities from the EPSA..

Olsson and Yodh make the most detailed fit to the data, u51ng an
1sobar model. They find the dominant amphtude to be D33 - A, S

wave. To this they add a P S-wave amphtude

317 "("N)I 1/2, S wave’
to get the correct behav1or of O(Tr p - -rr+-rr p)/O(Tr P ‘IT+TI' n). They

choose this with the pre_]udice that S—wave states should dominate, To

get the correct angular distributions in the TT+T|' p channel, they have to

‘add another amplitude from the same initial state, P - nd, P wave;

31

as a ."ba_,ckground term" (corresponding to aboi1t 10% contribution to
O‘('rr+p - Tr+119p) at 'TTr = 600 vMe.V). ‘The.Ik)hases and magnitudes of all
three amplitudes ar._e assumed independent oi tl'ie total c. m. energy.
The phases are relatively real, with the two P31 amplitudes being

negative relative to the D33 amplitude, It is claimed that this model

agrees with all the data available until 1966 below T_ =800 MeV.
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Namyslowski et al., 18 on the other hand, compare with data at

T =600 MeV and TTT = 820 MeV only. They do not claim complete
m .

K

agreement; the worst discrepancy is with production angular distribu-
tions (where interferences between amplitudes for different JP show up).
In fact, their fits at T1T = 600 MeV to the angular distributions of the p
and the wo in 1-r'+p - Tr+1r0p are not as good as those of Yodh and Olsson. 10
They assume, at Ttr. = 600 MeV, a superposition of D:,)3 - 7, Sand D -
wave, and 831 - 1A, .D wave'. At T' v =-820 MeV, they again take

D33 31', they now add P33 - T4,

P and F waves, They find that any inclusion of S destrdys the fjt at

- 1d, S and D wave, but 1nstead of S

this energy
20,23, 24
Looking at the I = 3/2 elast1c1ty parameters n from the EPSA

one finds the follow1ng values

n (as defined in Fig. 5)

T, (MeV) Ns(MeV) = S, Pay P33 Dis D3y Fyy

600 © 4542 0.9 - 4-0.9 =095 0.9 1 |
820 1643 - 0.4(res.) 1-0.8 =0.8(res?) 0.7(res?) 0.8-.95 =0.9

For all the other partial waves, n =1 in the energy reglon in question,

20

In one®" of the EPSA .one f1nds n (P 1 for T < 600 MeV,

31)

which would be inconsistent w1th a sizable P31 contribution to TN - wnN

in TTT < 600 MeV, as ass_u’rhed by Yodh and Olsson. 10 It is well known, how-
ever, that the S3y4 amplitude goes through an.inelastic resonance (.n = 0.4) at A4
T_ =820 MeV, and P,, probably resonates at T_ =900 MeV (n = 0.7).

Therefore, one would expect to find a contr1but10n frorn the se partial

waves in the tN - nwN channel. Regarding the Namyslowski et al. 18
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analysis, it seems hard to understand that 531 should contribute at
T = 600 MeV (i.e., below resonance), but not at the resonance itself
where the inelasticity is largést.

(b) TTT = 820 - 1300 MeV  No detailed analysis has been reported

in the literature. Only the production angular distributions have been
discussed, and sometimes the analysis is restricted to A final states.
This selection becomes poésible at these energies since the overlap
region of the two A bands moves outside the Dalitz plovt. However, as
the energy incre_asés, p production has to be taken into account (> 10%
for T >1000 MeV).®
. o 6 ’ . . v . + - 0,4+
Kraybill et al, - expand the differential cross section for n p - 1 A

into a series of P, (cos 6) up to £ = 7; they find no evidence for higher

terms in this energy region. Deler et al. 22 choose a more general

‘method, expanding the production angular distribution dg/d€ (cos 0, o)

for 17+p - 'n+1rop into a series of si)herical.harmonics Yf’(e, ®). In
both papers the e#péhsion coefficients are then compared with theoretical
expressions from a simplé m™N - 1A iso‘bar model._ The results are
summarized beloQ.

In the T =800 MeV region, the presence of P, — w4, .P wave,
and D,_ - w4, D wave, axl've' indicatgd, but other amplitudes are présent

35

as well, No firm conclusion is reached about the 531, D33, and P31

amplitudes, which are also expected to contribute. From the elastic

phase shift analysis, is known to probably resonate, and D35 to

P33
have already a sizable inelasticity (n = 0.95 from the CERN,'20 n=20.8

from the Saclay23-phase shift analysis) in this energy region,
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In '-che‘ interval b'et\x;een TTr = 900 and 1200 MeV, the F37 -

A,
F-wave amplitude seems to begin showi‘ng_‘up, interfering with the

7% = 1/2%, 3/2* amplitudes.

(c) -Finally for the'TTT =~ 1300 MeV region ° (E'C m 2_1900 MéV),

the results are compatible with dominance of F,_, - nA, F wave, which

37

is near resonance there (n ~0.4). There could alsobe a F._ — A, F-

35
wave amplitude inferfering with it; from the elastic scattei'ing phase
shift Vanallysis',’ Fig is .kAnown‘ to probably resonate at Tn = 1330 MeV
withvn = 0.7, However, no conclusion is possi’b_le abou_t the size of the

F 'arhpl'itude from the inelastic reaction with the present data and

35
analysis, The presence of further amplitudes_ of the same parity is

indicated in the inelastic production angular distributions; these might
be P?’3 - A, P wave (which, hoWever, has only n ~ 0.9 at -this‘ en’er'gy),

20

or P,, - nA, P wave (which actually probably resonates”" at Tﬁ = 1375

31
MeV with n ~0.4). In addi'tion; there seem to be sbrhe ihdiéations for
35 = ™A

vthe.presence of amplitudes for negative parity also. The D
D-wave amplitudé seems fo decréase» ébové T‘rr = 1OOQ MeV and is found"
to be _abseht at Tn = "13‘00 MeV; although from 'the. elastic écé.ttering
analysis its nis decreasin.’g‘ monotonically, .with n=0,5-0.7 at TTr = 41300
MeV, reaching a poésible. resonance af TTr = 1400 MeV (with If~310 MeV
according to the CERN EPSAZO). Thesé two considerations lead one to

conclude that the D-wave 1A decay of this resonance (if it exists) must

[l o

be x}er;r small,

It might be me.nti.oned that Courauzl1 gets a rather satisfactory fit
to the 'n'o angular distribution in 1r+p - 1r+1r0p at TTT = 1300 MeV, using
only a resonating Fiq —>.1-rA, F-wave amplitude and aading a term in tbe

cross section that describes non-interfering A production via p exchange.
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3. Other Channels: w_p' —» nN,: KA (I=1/2)
(a) N - nN ' |

For the 1/2” (SM) partial wave we have.already shown in Fig. 6
that Cinei (1/27) as determined from EPSA is within the erro?s accounted
for by the sudden increase from threshold of o{nN —>vnN). At the top of

25

Fig. 9 we show the actual data“’ for o{m p - nn), compared with

Oinel ('1/2 ) as predicted by various EPSA's, Then below are the partial

cross sections, Ay,

Below T_ = 1000 MeV (E = 1745 MeV) only A, A,, A, are
m c.m, _ 0" 12

for the expahéion dO/dQ = ZAI Pi (cos 8).

other partial waves must be present;

25

19

a combination of Sii’ P11, and D

different from zero. Besides S

13 actuall.y can explaih' the data

(although, by the .Minami ambiguity, D13 could be replaced by P13).

. o DR N v - o+
At T =900 MeV(E_ = = 1688 MeV) the 5/2° (Dyg) ?.nd 5/2 (315)
amplifudes are known to resonate and to be highly absorptive; neverthe-

less, no enhancement in o{w p - 7m) and no A Ay expansion coefficients

.3’

are observed at this ehergy, which means that the relative decay rate |
into nN of these resonances must be quite_'sma.ll (<2.5% and <1.‘.5'%,

re spectively30).

25a

It has been pointed out that the n production data are also

quite consistent with the peak in o(nN - 7nN) near threshold being domi-

nated by a (new) P resonance at EC m. - 1580 MeV (I = 130 MeV,

11
decvay rate - 7N 35%; — nN 30%); ‘whic.h must then be different from the

well-established P'li resonance at Ec m 1470 MeV. In the EPSA's, 20,23,24
no indication of such a resoﬁance is seen; however, it seems that its
existence can at present not be excluded on the basis of the elastic data

alone. Measurement of the recoil nucleon polarization could resolve

this ambiguity in the n production data.
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(b) =N > KA

Cross-section and angular distribution .data26_for Tl'_-p - KOA be -
tween threshold (at Ec, m. - 1615 MeV) and Ec. m. - 1750 MeV are ’ v
shown in Fig. ‘10. The large values ef the A1, AZ’ and A3 coefficients in the
Legendre polynomial expansion of dg/d§? indicate considerable inter -
ference between at least two partial-wave amplitudes of different parity;
from the absence of significant Ay and Ay coefficients at Ec. m = 1680
MeV it appeefs; however, th‘at the contributions from vfhe resonant
D‘is' (1680) ahd F‘15 (1688) partial waves to the :KA channel are srhall.
Upper limits on the KA‘decaLv'y branching ratios of these resonances, as
inferred>? from the expefimental limits on A4 and AS’ are giveh in

26

Table IV Further analysis of these data is in progress, -
III. SIGNS AND MAGNITUDES OF INELASTIC AMPLITUDES, |
SU(3) ASSIGNMENTS
We have already-suggested that successes in K p experiments may
predlct a bright future for wp studles Fblgure 141 shows another sort of -
K~ p result, 27 this time unique_ to inelastic chahnels. ‘It shows Argand
plots for ¥ - T we reeegnize resonant circles for two case.s.with
P_ 3/2°7, A(1690) and 2(1660) and for two more 5/2 cases, A(1815),
2(1910). The point we Want to 111ustrate here is that two of the curves
vare plotted "up'" (i. e, ,; with +i component_s) and two ''down, "'1. e., the -
signs of the partial-wave amplitudes have been determined from the‘
experimental angular distributions. | |
Let us .pursue ‘f.urther the significance of these signs. Consider

two final-state amplitudes of some resonance Y*, produced by K p:
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- Bk p Bk p - SN - 2
Kp—B v 2B Kp; (Kp|T"" |K B) & gg-p) (6)
N positive definite
_ Bgp % 8 o ]
Kp K?Y _T_’Enz; (leTJle p)och_pgTTZ

(7)
= *leg-p &zl

In thé first éase (elastic.sca.‘tte.rin'g), the initial and final coupling con-
starits‘ai'e the same, and the partial-wave amplitude is necessarily
positive. In the second (inelastic) case, we introduce a new coupling
Constaﬁt g > and until we invoke SU(3), all we know is thét it is real.
Of course we cannot even measure the sign of the amplitude until we
let'it‘ interfere with another partial wave, But fortunately there are
other resonances close enough in energy so that their two w2 modes
overlap, and with adequate data the CERN-Heidelberg—Saélay grou§'27
has determined the relative signé, as shown in Fig. 11.- thér deter -
minations have beeﬁ inad_e by Kernan and Smart, who were among the
first to stﬁdy these.sig.ns. 28 v

In the language of SU(3), however, :the sign of the arﬁplitude (72
in Eq. 7) is no longer unknown, since there is of course only one real
coupliﬁg,constant g for reactionslsuch as Y - 8 1or 8 & 10.
For the particular .(but most common) 'caée_ fhat vali is itsélf a member
of an 8, aﬂd decays into 8 ) 8, there can actually be two g's (althbugh
frequently one of them is zerov); but even here, as we shall describe
below, given a little additional data, the sign of thé final amplitude is
predicted and is a che‘ck on the SU(3) assigﬁmen’c of the resonance. Y*.

Further, though magnitudes may be hard to measure, signs are easier,
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In fact, about 10 such signs have now been reported,' 8 of which afford

8

significant tests. The chance that some random SU(3) assignmént
would pass all 8 tests is then only '2-8, so we sée how valuable these ' .
signs can be,

To' illuvstrat'e further the question of making SU(3) assigrirhents to
the ékperifnental data,.we'introduce Tébie IV and Fig. 12, both taken
from Tripp et al. 30 |

Note that Table IV is very weak .on N* and A inelastic branching
vfracti(‘)ns; if lists two nN~fracti$ns, two nN upper li.rnits,‘v and- two KA
upper limits, ‘With that limited information we conclude our N*"diécus—
sion; the rest of this section is only a summary of the status of SU(3)
assignments and a hint as to how better N* data may be used in the
future, -

_ Table IV lists two p:os'si_ble 10's: the 3/2" supermultiplet has

three members whdse bi‘é.nching fractions are related by SU(3), the
30 |

7/2+ has two. In their Letter, they show that tHe-décay rates are

compatible with the predictions of. SU(3) to within + 30%. In addition,

two singlet assignments [for A(1520) and A(2100)] fit well if one allows
.for some singlet-octet mixing. | A

Finally Table IV lists four possible octets. Here, becéuse. of .
the complications that 8 &) 8 couples to two 8's (one symmetric,‘ 83, _ "
one antisymmetric; 8a)’/ the checking is. not ‘so straightforward.
Tripp et al. 30 do it in an interesting _graphical wa3.r in théir Fig. 3,
which is ouriFig. 12, Since they had little room in their paper'r ‘to ex -

plain their treatment of signs, we will expand on it here,
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Since all the data are t_feated as partial widths, assume the reso-
nance has been created with unit amplitude. For definiteness, call the
decaying resonance Y , and remember it is part 8s and part 8a‘ Write

the partial width I as

r =(cs g

2 . ; :
s + éa g-a) X Klnemat1cs, (8)

where Kinematics stands for all kinematical and phase space factors,
including barrier penetration factors B, for orbital angular momentum

M

vKinerJn»atics = B, (p) ——l\—i P,

Y
and where .c's,' c, are isoscalar coefficients, thus for KN, -
I' (KN) = [cs (KN)gs te, ('_KN)ga]‘2 X Kinematics.

~ The sqﬁare root of (8) yields an amplitude A (KN, nZ,...) as

_ .. ’ '—. . ) . — y 4
| A= c 8 te g, = :t\/l"_/Klnematlcs .
If we plot g, = y versus g_= x, we get straight lines,

| ilAl:v- csx

Yy = ez (9)

Note that the greater the observed amplitude IA [ (c &/f“-), t.he farther
the two lines y;t lie from thé drigin, | ' |
Since one overall sign is a",lways'.und'e’termined, we chose x = g
to be >0, .’and plot only the fight half piane. Satisfactory agreément
among Vmembers'of‘an octet is. i'ndi‘ca’ted‘by a C(;mmoh value ovf. x and y

for all decay modes. Shaded areas indicate where the lines cross.

- Tripp et al. discuss all four octets in turn, but we can see that for each

octet the lines overlap within errors with one serious discrepancy in each

case.
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Finally we come to the 'question of the signs, which are shown in
Fig. 12Aas dashed line_sf’ with arrows indicating allowe‘d regions. Figure
13 illustrates how some of these areas were constructed, using the fact
of Fig. 11 that 1n the 3/2” octet fﬁe I=0andI=11Z amplitudes are
found to be of opp051te sign, | |
Figure 13(a) shows the straight hnes Yy (KN) from Eq. (9), Y.
is labeled (+), etc. For the nZ decay mode, Ca =0, g1v1‘ng vertical
lines, x, =+ |A|/c,, only "_n";. of which, x _, is in the right half plane
(siﬂce .Cs hai)pens to be’ -m). The vl.ine is labeled ( —).: Since the
reaction under discussion is KN - Y* e 73, the .sign of |1rZ) is ef
c.oursel the sign of the product of |KN) and IWZ); - We have written
the se pro_du'cts' :insi'de circles where the KN and 7= lines c‘:ross_.. The
whole plane is ther:l se‘éﬁ to be divided into foei’_ se‘Ctors,. “two of them
@ (shaded), and two of them ® (unshaded).“,

) Figure 13(}3)‘ repeats. the]x.'eavsoriihg for I = 1. He.r'e the ovn‘lyl dif—
ferenee is that for the ﬁZ decay; it is cs which is ze'r‘ov so we find
horizontal lines. Smce we want the signs ‘of the I'= 0 and I=1, =2
amplitudes to be opp031te as found experlmentally, we shade the
sectors this time, | |

‘The allowed solution must then fall in a sector where there is

shading for both i-spin states, or for neithef For our example Flg 13(c)

shows: there is no unshaded overlap, so that only the doubly shaded over -
lap sectors are allowed.» Fortunately the region of intersection of the
lines, arrived at without sign corisiderations, falls in the upper overlap

sector!

183

~
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Table I. Some 7 p inelastic hydrogen bubble chamber experiments.
(Numbers of events enclosed in parentheses indicate experiments

still in progress; for other comments, see text.) .

w p > maN’
s i T1T No. everts of
(MeV) (Me'V) n—'rrop Tr+1r—n Reference
1305 - 290 - 250  Batusov et al., JETP 13, 320 ('61)
- 330 (3500) Oxford (145 K pictures taken)

S 360 . 573  Kirz et al., PR 130, 2481 ('63)
370 - (3000) Oxford {60 K pictures taken)

1390 @9 440 (500) (1600) Saclay (60 K pictures taken)
420 : (4500) Oxford -

1400 & 430 450  Kirz et al., PR 130, 2481 ('63)
1416 i 450 100 325 Poirier et al., PR 148, 1311 ('66)
: 2K 460 450 Kirz et al,, PR 130, 2481 ('63)

480 329 . Kirz et al,, PR 130, 2481 ('63)
1450 . 490  (1800) (5000) Saclay (60 K pictures taken) .-
1450 500 (1500). . (4000)° Oxford (50 K pictures taken)
1480 550 - (2300) (3800)  Saclay : -
555 450 Kirz et al., PR 130, 2481 ('63)
. 558 1 441 833  Burnstein et al., PR 137, B1044
2K— ) . ~ {'65) - N L .
604 1359 . 1970- Vittitoe et al., PR 135, B232 ('64)
605 : 450 . Kirz et al., PR 130, 2481 ('63)
© 646 1049 - 1609 Oliver et al., PR 147, 932 ('66).
1525 620 (3600) (5000). Saclay (60 K pictures taken) -
650 538 777 © -Femino et al,, NC 52A, 892 ('67)
>K- 673 - 450 . Kirz et al., PR 430, 2481 ('63)
765 897 . = 560 Crittenden et al,, Sienna I, p, 116
- N
775 833 - 41600 Bertanza et al,, NC 44A, 712 ('66)
780 450  Kirz et al., PR 130, 2481 ('63)
790 466 . 942 Cason et al., PR 150, 1134 ('66)
800 ~200 "~300 . Gensollen et al,, Sienna I,  p. 84
K- . ('63) v ,
;g: 830 414 881  Casonetal., PR 150, 1134 ('66)
2R 870 493 997  Casonetal., PR 150, 1134 ('66)
1688 2K~ 900 671 1183 Gensollen et al,, Sienna I, p. 84
' ZK—b'. : ('63) :
kL 905 216 354  Pickup et al., PR 132, 1819 ('63)
Ko 960 262 . 384  Pickup et al., PR 132, 1819 ('63)
1800 1100 263 436  Pickup et al., PR 132, 1819 ('63)
1100 (15 000) Manning, Smith (LRI, '68 to be
: ' publ.) (from ntd - pprtn’)
2300 2200 (25 000) LRL SLAC (Total LRL-SLAC,

~50 000 inelastic events spread
over a '\/_s—range of 500 MeV, so
~ 2000 events every 20 MeV.)

Total analyzed: ~8000 ~15000

T p - KOA

16143 768 = threshold
1688 900 (8500) . Anderson, Crawford, Doyle (LRL) .




0y

-29. 'UCRL-18154

Table II. Some 1T+p inelastic hydrogen bubble chamber experiments.

7'p > 7uN T = 180 MeV (threshold) to 1100 MeV

Events in channel

N's T
(MeV) (MeV) 1T+TT0p sTxth  Reference v
357 213 Kirz et al,, PR 126, 763 ('62)
1415 450 100 28 Poirier et al., PR 148, 1311 ('66)
500 159 40 Debaisieux et al., NP 63, 273 ('65)
1510 600 418 75 Newcomb et al., PR 132, 1283
('63)
810 2200 . Deler et al., to be published
. 820 346 .13 Barlouland et al., NC 27, 238 ('63)
1690 900 _ 274 75 Barlouland et al., NC 27, 238 ('63)
900 274 201 Gensollen et al,, Sienna I, p. 84
, ('63)
900 2517 529 Metzger et al.,, UR-875-186
910 846 - 209 Stonehill et al., RMP 34, 503 ('62)
980 44105 Tautfest and Willmann, Athens
(Ohio), p. 421 ('65)
1760 1050 315 80 Barlouland et al., NC 27, 238 ('63)
1090 951 - 249 Stonehill et al,, RMP _?)_—Z__, 503 ('62)
1130 3860 Tautfest and Willmann, Athens
(Ohio), p. 421 ('65)
1260 1365 490 - Stonehill et al., RMP 34, 503 ('62)
1900 1300 3200 _ Deler et al., to be published
(Saclay) ' S
1460 3150 14194 Daronian et al., NC 441A, 503 ('66)
420 do 0 : ' :
to 1070 o (m”) only, counters. Detqeuf('()é)
'rr+p - KX
1690 900 = threshold | e -
1851 1207 (500) . Birge, Borreani, Kalmus, LRL
('68) v :
1896 1297 (700) ' ‘Birge, Borreani, Kalmus, LRL
2015 1546 (700) Birge, Borreani, Kalmus, LRL
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Table III; Well-established Nr 2 resonances,
with mass < 1700 Me¥V,
+ - - z n
P 1 1 3 5 W15
J 7 Py 7 849 z (Pp3)| 3 (Dyg) |5 (Fyg)
Mass (MeV) 1470 1550 41710 4525 1680 1690
T_(MeV) 530 660 940 620 880 900
r (MeV) 210 . 130 300 115 170 130
mass _ .' .
Lo (MeV) 320 220 550 190 300 230
~ad ~ Can
0, .. (mb) 6 4 1.8 7 10 10
n(see Fig. 5) 0.35 | ~0.4 0.7 ~0.2 0.2 0.2
T /T, | 0.66 0.33 _0.~79 0.57 ]  0.39 0.68

a'Ma.ivnly n production,




Table IV, Branching fractions and partial widths for baryonﬂ‘ - 8 ® 8 (from Ref, 30).

Mass and Branching Partial | Mass and . Branching Partial
width . Mode fraction r width Mode ™ raction
JP = i‘_ JP - a”
"A(1405) Sa 1.0 35 N(168s) D (Nr 0.40 56
N(1570) N7 0.3 39 I'= 140 iAK < 8'8;2 S gg
r-10  xg o7 91 Npoo <0 :
- b )

AQSTY D NK 0.06 1.1 | #1765 An 0.17 15.3
T- 1x {A 0.94 16.9 =90 Zn 0.01 0.9
= n : NK 0.50 45
J])_i* Zn < 0.005 <0.5

A8z &  (Sw 0.23 17.2
A(1236) N7 1.0 120 o ;NK o 10 g
rasss M An 0.86 30.1 An < 0.08 < 6.1

= L — —
) T m 0.14 49 | 21933, o 0.5 70
(1530 =7 1.0 T =140 AK 0.5 70
JgP=37 JP=%* .
Ni1530) D {Nn 0.65 68 | A(1920) Nm 0.5 100
T'=105 N7 04 | (2035 M An 0.25 40
Y1660 © (A7 0.10 50 | I'=160 Zr 0.06 9.6
=50 ;Eg 0.67 33.5 NK 0.16 25.6
NK 0.10 5.0 = <0.016 - <28
JA(1e9ny @ (Zw 0.46 18.4 JP_i-
I'=40 NK 0.245 9.8 =2
An  <0.027 <11 Aziropy ) g 0.05 8.0
Ze1 ©  (Er 0,10 1.6 | T =160 ;.{Sﬁ g'gi’ 4‘;':
T=16 AK 0.65 10.4 . 0.03 .
SR <0.02 <0.3 n <00 <48
Aq@s2m D {Zn 0.51 8.2
=16 NK 0.39 6.2
JP- 3
N(essy D (Np 0.65 71.5
=110 gAK < 0.0013 <0.15
Nn < 0.015 < 1.7
A1820) 8 (37 0.12 10.2
T'=85 NK 0.60 51
An <0.014 <1.15
Z(19100 8 (A7 0.10 6
T'=60 gEn <0.01 < 0.6
NK 0.08 4.8

- g The Y7 and NK rates are from refs. [1-3].

Footnotes

a) Branching fractions obtained on the two-channel assumption.

b) Width and branching fractions from ref. {9]}.

¢y We adopt slightly higher elasticity than that reported in ref. [2] Even so, there is
insufficient £ (1660} formed to accomodate the large Z7 amplitude required by the
analysis of ref. [3] and in addition 2 comparably large rate into A (1405 7.

d) Branching fractions for 7 and NK from refs. [2 3]. The upper limit for Ancomes
from the measured cross secuon of 0.08 mb at T above resonance as reported by
Berley et al. [16].

e) Upper limit on the XK mode is extracted from table 1 of the pdpel of Smlth et al.
[17] by comparison of the YKK and AKK reactions.

fy The upper limits on the decay mode N(1688) — AK were extracted from the unpub-
lished associated production data of Anderson et al. [18]. The limits come from
the absence of both A4 and Ag coefficients in the angular distributions of 7 p -~ AK®
in this momentum region. The coefficient 45 is the more sensmve measure, and
under the assumption that the two degenerate resonances of J¥ 5— decay into AK
in proportion to their probabilities of formation and to their respective centrifugal
barriers. we obtain the limitslisted. This ignores SU(3) as a starting value. Fig.3cd
shows that another iteration keeping As fixed would satisfy SU(3). The upper limit
on N -- Nnp comes from assigning a maximum enhancement of 0.3 mb to the reac-
tion n'p -~ N7 at 1688 MeV as derived from the work of Richards et al. [19].

The upper limits on the A7nrates for
A(1820) and A(1827) are obtained from the measured cross section of 0.2 mb.

h) Preliminary estimate of the 7 mode from Barbaro-Galtieri {20]. The ZX mode
is estimated from the cross section for K p -~ =K reported by Berge et al. [21];.
the Anupper limit is from Flatté and Wohl [21].

iy N7 partial width from the analysis of Davies and Moorhouse [22].

j A more recent compilation by Yodh [23] gives for A(1520) a lower branching ratio
TZm/TYNK) = 0.42/0.47, which indicates a greater need for smglet -octet mixing
than shown in fig. 1.

..'FE—

$S181-TYON
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FIGURE CAPTIONS

Fig. 1. = p cross sections, and 0, are from Ref. 4, OTmN ?.s

Otot

from Ref. 5., The insert (fraction in A bands), from Ref, 5, is
. described in the text, For references on ommN’ see Table I,
Smooth curves have been drawn through the measured points, @
Fig. ‘.Z. Dalitz plot of ¥~ 2000 events of\ the reaction 7 p —» Tl’+1T_n at
T1T =900 MeV (N5 = 1688 MeV). From LRL-SLAC collaboration
(unpublished).
| Fig. 3. 'rr+p cross sections (Ref, 6).

Fig. 4. Cross section for Tr;p — N, five charge states, Taken
mainly fx;om Ref. 7. The solid curves are the results of the fit of
Olsson and Yodh, Ref, 10, as discussed in Section II,

Fig. ‘5. Argand plot for the elastic scattering amplitude.

Fig. 6. Partial-wave inelastic cross sections for I = 1/2 from Morgan
(Ref. 7). The o_rdinate'is all inelastic channels, therefore is only
an upper limit for «N - 7N,

. Fig. 7a., Possible partial-wave decomposition in the pr'oduc.tion of
three particles, For nnN, only one has spin, but for generality we
assumethe nucleon may be‘either particle 41, 2, or 3, so we dis-

tinguish between, e.g., £ and jiZ‘

12

Fig. 7b. The three amplitudes used in the isobar model.

' Fig. 8. Summary of partial Waveé for I = 1/2, 7N —» maN, from various
published analyses (Refs. 7, 10, 15, 17, 18, 24). The horizontal bars show -
the energy regions in which the partial waves listed on the 1eft-hénd
side are present, according to thé various analyses. Wiggly arrows
symbolize the projections made by Namyslowski et al. (NRR), Ref, 18.

For further explanations, see text,
Fig. 9. n production-c.Jross section (top), and Legendre polynomial

expansion coefficients of the 7 differential cross section, from

Ref. 25. The cross-section values are for only the 34% of n
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which decay into YY- The n production cross section is compared
with the S11Vine1astic cross section predicted by various EPSA'S.
Fig. 10. Coefficients in the Legéncire pdlyhomial expansién do/dQ = XZ
ZA]Z Pl {cos 6) of the differential cross section for the reaction
Tp - AKO. Note that 6 is the c. m. angle _bgtWeen the momenta of
w and A. No A)é with £ >4 were required for édeQuate fits in this
momentum region, The total cross sec‘;ion for tiﬁs rea.ctionvi‘s given
by (.);(.w-‘pv; AK®) = 4 7x? AO (from Ref. 26).
Fig. 11. - Argand plots for partial-wave amplitudes in the rveaction
K-p ’—>v'rrZ, from Ref. 27. ‘
Fig, 12.' Plots of g versus g, from Tripp et al. (Ref. .30). Error
bars on the heéw and medium lines correspond respectively to 25%
and 50% uncér‘tainty in the decay rates. Light lines are unc»erta'inr to
.a factor =2. Long -dashed lines denokte. ﬁpper limits. Short-dashed
lines indicate the regions of the figures allowed by measurements of
fhe relative signs of reaction amplitudes by Kernan‘and Smart and
_ b'y> the CE.RN-Heidélberg -Saclay collaboration. The.sign éffixed to
each decay=-rate line denotes the sién of the amplitude in Eq. (9);
Shaded areas in each figure vindica.te the approximate values of gé
.and g, that seem to agree best with experiment, although othe.r_
regions of each plot may still be acceptable. Wavy lines in Fig, 'iZ(b)
'exhvibit the displacements t'.rc;m the pure si-n_glet’ and pui‘é ;)ctet decay
rates into Zﬁ and NK due to. a mixing angle of -16 deg, .the magﬁitude
suggested by the mass formulé..

_ | w :
Fig. 13. Illustration of the sign determination of Y decay amplitudes.

' Signs indicated by (+) or (-) are those of the amplitude A in Eq. (9).
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Argand Plots from C.H.S. K™ p => Y*=> s
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