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Nodal trajectories of spin observables and kaon photoproduction dynamics
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Spin observables for the reactiorp—K* A are examined using three recent dynamical models and are
compared to the general features of such observables deduced earlier by Fasano, Tabakin, and Saghai. These
general features, such as the energy dependence of spin observables and the location of nodes in their angle
dependence, are realized. Several instructive surprises, which occur in this comparison to the conjectures of
Fasanoet al,, are then discussed. The sensitivity of spin observables to isobat-@rmhnel dynamics is
analyzed and suggestions for selecting experiments which provide important dynamical information are pre-
sented.

PACS numbegs): 24.70+s, 25.20.Lj, 13.60.Le, 13.88e

[. INTRODUCTION u channels supplemented by contributions from thehan-
nel; namely, byK* (892)(17) andK1(1270)(1") as well as
The measurement of almost complete sets of spin obsern ™ meson exchanges.
ables has become technically feasible because newly devel- We now comment briefly on each model and give the
oped polarized electron or photon beams and polarized tarelevant baryonic resonances. To aid in comparing the reac-
gets offer high enough luminosity to permit measurement ofion mechanisms of each dynamical model we present their
the relevant observables. The reactiphp—K '+ A is par-  exchanged particles, isobars, and associated coupling con-
ticularly advantageous, since the angular asymmetry in thatants in Table I. First, the model of Adelseck and Saghai
parity nonconserving weak decay—p+ 7~ provides a di- (AS) [6] is used to calculate the spin observables. Their
rect measurement of tha’s polarization. If theA’s spin  model, which represents a good fig{Npr=1.4), to the
state is measured along with the polarization of the bearexisting data up to E';‘bs 1.5 GeV, uses the
(y) or target ), then spin transfer and spin rotation observ-N* (14401(1/2") and A*(16700(1/2") baryon
ables can be measured. Such spin-rich experiments are uresonances.In addition, SW3) constraints, based on their
derway at ELSA1] and planned at CEBAR2] and GRAAL  success in strong interaction dynamics, are used to limit an
[3]. otherwise oversupply of possible fits to the data. Then, we
In an earlier publicatiofd] (FTS), the general structure of also study the work of Williams, Ji, and Cotan@JC) [7],
the full set of 16 observables fa¢™ photoproduction was who examined electromagnetic production processes with
examined. In that discussion, helicity amplitudes proved tghotons(real and virtual energies up to 2.1 GeV. That group
be particularly useful for deducing general rules concerningncluded the N*(16500(1/27), N*(17101(1/2"), and
the angular structure of the 15 spin observables. The 16 obA*(14050(1/27) baryon exchanges, plus a significant in-
servablegthe cross section plus 15 spin observablgere  corporation of crossing symmetry requirements.
found to fall into four “Legendre classes,” with four mem-  The third dynamical model considered here is a new
bers in each class. The observables in each class have simitaodel from the Saclay-Lyon Group called SAL8], which
“nodal structure” possibilities, e.g., their values at 0° andalso gives good agreement with photoproduction data up to
180° and their possible intervening nodes are of related na2.1 GeV and satisfies broken §8) symmetry requirements.
ture. (That classification procedure, along with the advan-The SALY model includes all of the above AS baryon reso-
tages of transversity amplitudes, has led to a reformulation ofiances plus th&* (17002(3/27), N*(17201(3/2"), and
the general problem of determining which experiments conA* (16001(1/2") baryon resonances. We emphasize that
stitute a complete set of measurements. A generalization tihe first two modelsAS and WJQ include only spin-1/2
many reactions, including electroproduction and photoprobaryonic resonances, while the third off@ALY) also in-
duction of vector mesons, will be published separaf8ly cludes spin-3/2 nucleonic resonances. Spin-5/2 resonances
In addition, FTS used various truncations, both in a helic-are not included in any of these models.
ity basis and in a multipole representation, to deduce rules Among these three models, the WJC model has the weak-
concerning the nodal structure and energy evolution of all 1®st kaon exchangé-channel contributions, while AS has
spin observables. In this paper, those FTS rules are corthe strongest. The WJC model produces weakannel ex-
fronted with specific dynamical models. The considered
models[6-8] are all based on an isobaric approach using
diagrammatic techniques. These models include extended'The quantum numbers of the baryons are indicated as
Born terms and a very limited number of resonancesand  /,(J7).
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TABLE I. Exchanged particles, isobars, and coupling constants of the three dynamical modésg; AS
WJC[7], and SALY[8].

Particle /(J) Coupling AS wJcC SALY
A gkan/ VAT —4.17+0.75 —2.38 —3.16+0.03
30 Oksn /A +1.18+0.66 +0.27 +0.79+0.03
K* (892 1) Gy /4w —0.43+0.07 -0.16 —0.19+0.01
Gy /4w +0.20+0.12 +0.08 +0.16+0.03
K1(1270 1 Gy, /4 —0.10+0.06 +0.02 —0.10+0.02
Gy /4w —1.21+0.33 +0.17 —0.54+0.05
N* (1440 1(1/2) Gy« I\ am —1.41+0.60 +0.08+0.14
N* (1650 0(1/27) Gy [\4m —0.04
N* (1710 1(1/2%) Gy I\ am —0.06
N* (1700 2(3/127) G l4m +0.32+0.08
Gy l4 +0.13+0.04
N* (1720 1(3/2%) Gpslam —0.04+0.01
GR. 4 —0.03+0.03
A*(1409 0(1/27) Gax I\ am -0.07
A*(1600 1(1/2%) Gux AT —2.76+0.11
A*(1670 0(1/27) Ga* INam —3.17+0.86 —0.54+0.07
change because th_eir main coupling constagt,sA_,Q and So(T:E;CyriL ),
Oksn) Were not subject to S(3)-symmetry constraints and
in fitting data they generate q'une small values of bothtthe =%>1a(|5;|q ;(“:X,;f_x,),
channel andkan,9ksn couplings compared to those pro-
duced in the AS and SALY fits. Thiechannel coupling con- u%/lb(-i—;f:;éx’;:rz’):

stants come out to be smaller in SALY than in AS. This
feature arises since the SALY model includes spin-3/2 bary-
onic resonances and hence the need forttbkannel ex-
changes is reduced, in line with duality id¢&% The role of
QUaIity (the inter play between s an_ld:hannel ;trengthand usual spin observable and the cross-section functipmre
its effect on spin observables is discussed in Sec. Il A2.  qj6q profile function$4]. The profile functions are propor-
Can the general rules for spin observables conjectured ifigng| 1o bilinear products of amplitudedIn the above list,
FTS and summarized in Sec. Il be seen in the dynamicahe first entry in each class is the cross section or a single
results? What is the behavior of spin observables at |0W9;50|arization observable%,ls,f,i); the others are all double
energies and what role is played by particular baryonic resgyg|arization observables, which appear ordered as beam-
nances and by kaon exchanges? How do the specific iSObﬁa{rget Cé,ﬁ,le,é), beam-recoil éz’aéx'aéx’aéz’); with the

andt-channel dynamics of the three models affect spin obyag; entry in each class being the target-recoil observables

servables? Are some spin observables particularly sensitivg_ LT T ). The angular dependence of the above ob-
ZI, x!, ZI, x! .

to interesting dynamics and are therefore particularly imporgepyaples are determined by expressing the four helicity am-

tant to measure? Those questions are addressed in Secs-d'i'tudes H,(6)(i=1,...,4) interms of Wigner rotation

and IV. functions, with ¢ denoting the produced kaon’s center-of-
mass angle. It is then simple to deduce tigt class observ-
ables are to be expanded in the associated Legendre,

Il. GENERAL RULES REVISITED P, m(cos), functions. Thus,%;, and #;, involve sums
3P, which vary as sif. Hence, %, and %43, vanish at
¥ and 180°. Similarly, clas$4, spin observables involve

fgrz(i;éyéz’;:i—x’)'

These observables, which are defined as the product of the

The general rules for the 16 observables are described
detail in FTS[4], which also includes the derivation of such
observables from a density matrix approach. Here we simply——
highlight and confront those rules. For convenience, the defi- 2The class?, observables are determined by the real and imagi-

nhition of the 16 observables are recalled in Appendix A. nary parts of the bilinear combination of helicity amplitudes

(£HIH4=H3H3); for class %3, observables by the real and
imaginary parts of £ H}Hz+=H3H,); and for class%y;, observ-
ables by the real and imaginary parts of iy H,=H%H,). Fi-

The Legendre classes of the 16 observables, which angally, the class¥, observables are determined by the four combi-
labeled by %y, %14, %1, and %, are nations of the magnitudes |H,|?= [H,|2+|H3|?*+ |H,|2.

A. The helicity rules
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sums3P,,, which vary as sif¥ and hence vanish more Which follows from basic parity requirements. Similar re-
sharply at those “end points.” Thé&, class observables are marks can be made aboif which must have an even num-
not necessarily zero at the “end points.” However, all otherber of SC nodes; hence, an odd number of zeros means that

spin observables must vanish at 0° and 180°. there must be an odd number of NSC zeros. Examples of
Following this helicity amplitude procedure, FTS deducedthese cases will be discussed later, when bifurcations appear
several rules. in the nodal trajectory plots.
[h1] The observable€, (6) andL,.(0), as functions of Since there are only 4 amplitudes for pseudoscalar meson

the scattering angl®, must have an odd number of sign- photoproduction, only 7 measurements of the 16 observables
changing(SC) nodes, if they are nonvanishing observafiles. are needed to extract unique amplitudese overall phase is
[h2] The observableE(#) can be nodeless or have an arbitrary. Some observables provide redundant information

even number of sign-changing zeros. and thus one needs to consult the known r{Ey for se-
[h3] If the final-stateJ=3/2 amplitudes vanish, then the lecting seven independent experiments. That issue is not con-
following relations must hold at all angle$: sidered in this paper, see Rg5)].

E~+1 L;=-Cp, Ly==Cy, P=—-H. B. The multipole rules
These conditions are expected to occur near threshold and to Additional rules concerning spin observables were dis-
rapidly change as th@=3/2(K*A) P waves turn on. Note cussed by FTS, based on the possible truncation of multipole
that these observables are nonzero even whenJ#hg8/2 amplitudes. The advantage of expanding Kié photopro-
amplitudes vanish. These properties follow directly fromduction amplitudes into multipoles; ,M > is that the orbital
Egs.(4.1)—(4.6) of FTS[4], since onlyH; andH3 vanish if  angular moment/, of the final K A) state can be used to
there are nd=3/2 amplitudes. reduce the number of amplitudes, based on the existence of a
[h4] The Legendre clas¥’;, profile observables can have centrifugal barrier. Of course, this truncation does not in-
no more than (25— 1) intervening nodesi.e., not count-  clude the possibility of dynamical effects, which could mag-
ing the end-point nodesHere,Ja is the maximumJ value  nify selected orbital states. For example, a resonance could
expected at a particular energy. Near threshold, these obser@mphasize a particular partial wave or competing effects
ables are thus expected to be nodeless, with a node develogeuld attenuate selected waves. However, it is just the devia-
ing as theJ=3/2 amplitudes turn on, but no more than 2 tion from ordinary centrifugal-dominated behavior of spin
nodes being possible, until>3/2 states appear. Note that observables that we hope will serve as the best indicator of
the 4, class observables are all nonzero eved3#3/2  such dynamical effects.
amplitudes vanish. Several additional features of the 16 kaon photoproduc-
[h5] The %7, class observables were expected to be smallion observables were conjectured in FST, based on the sup-
near threshold, with nodes developing only at higher enerpression of higher orbital angular momentum states. These
gies, since the)=3/2 amplitudes are expected to be smallinclude the following.
near threshold and these observables depend on interference[m1] A cross-section peak at 0° implies that the combina-

betweenJ=1/2 andJ=3/2 amplitudes. tion of the P waves defined by
[h6] The %, class observables should be small and node- (1) . N B
i =3E; +M; —M
less at lower energies. These observables also depend on ¥ 1 1 1

interference betweed=1/2 andJ=3/2 amplitudes.
We shall refer to the above statements as FTS rulegalled type-1 splittingand theS wave amplitudéE; have a
hil, ..., h6. relative phase angle of less than 90°; provided ttiat
These remarks are summarized in Table Il of FTS. One/=2 amplitudes are negligible ar{d) |¢//(p1)|¢0. That is, to
interesting observation is that “€,, or L,, assume an even get a cross-section peak one needs not ¢hiyaves to in-
number of intervening zerogsic], then at least one of these terfere with theS wave multipole, but also thB waves must
zeroes[sic] would be of non-sign changingINSC) type.  have a nonzergtype-1) splitting.
This feature, which will be examined in our later comparison [m2] A second type oP-wave splitting is defined by the
with dynamical models, is a consequence of the requiremeninear combination of’=1 multipoles:
that bothC,, and L, have an odd number of SC nodes,

PD=3E;+M]+2M]

3When a function passes through zero we call it a node or mor

explicitly a sign-changing(SC) zero. If it touches zero without ?called type-2 splitting If /=2 waves can be neglected and

) . X . there areP waves, but they have zero type-2 splitting, e.g.,
passing through zero we also call it a node or a non5|gn-chang|n%(2) 0 : < R
(NSO zero. yp’'—0, then(1) the spin observabl&,,—0 at 90° and2)

“A sign misprint forE andH in Ref.[4] is corrected here. Also, P andX are zero at all angles.

the %, theorem in Sec. IV of FTS is incorrectly stated as having [M3] The type-2 splitting also leads to the following pos-
T=H for no J=3/2 amplitudes; the corrected version is that Sible P behavior. In order for the finah polarizationP to
P=—H, when there are nd=3/2 contributions. have nodes, there must be nonzero type-@ave splitting,
5The following relations can be used to deduce theseyt?)#0, and 42 must not be collinear wittM , unless
rules: L, +C, =|H3/2—|Hy|%L,0+Co=—2 RdH,H{;P+H /=2 multipoles contribute significantly. Furthermore, if the
=—2ImH{H}]. type-2 P wave splitting is nonzero and collinear with the
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Eg multipole, then, in the absence 6t=2 amplitudes, the Nonsign-changing zero into two SC nodege the observ-
polarizationP has a SC node at 90°. ableE for a clear example These nodal plots are organized

[m4] Based on a scattering length expansion, it was anby Legendre class and also as single spin observabje

ticipated that andG are small and nodeless near threshold, row), double-spin beam-targesecond row, beam-recoil

'(third row), and target-recoi(bottom row. Examination of
with nodes developing only i#">1 amplitudes contribute. - poq "1 _3 3jlows one to confront the three dynamical results

[m5] The beam-recoil observab®,, and the target-recoil \yiih the FTS rules.
observableT,, are both zero at all angles, unless there are
/=1 multipoles and the stretched electric and magnetic
multipoles are unequal, e.gE; #M; in magnitude and A. Helicity rules

phase. The observables of the Legendre clags,, %1, and

| [m((i/]} Thedobservablle@z, atnd T t?]re. bOtg (l)beEgendre -/, are all seen to vanish as expected at the end péits
class 7, and are complementary in their nodal behavior, seg, " a0y “Only the setZy(7:E:C, L) are nonzero at

Egs. (5.21) and (5.23 of FTS [4]. By complementary we both of these end-points. Also note that thg, ,, class ob-

mean that if one tends to have a node, the other does not sQ
tend. servables approach the end-point angles with nonzero slopes;

[m7] For T and E to have SC nodes type-R wave whereas, the%, class observables approach the end-point

- o h ) angles with zero slope. Thus thé&: «sing, and %4
splitting must be nonzero, untif=2 waves contribute sig- ocs?nze properties are c?learly seen |nl|§|lgbs 1 and 2. 2

nificantly.
[m8] If the Legendre class/;, observable<,, andL, 1. Near and above threshold results

have zeros then, as the momentum increases, these zeros | )

tend to be placed symmetrically about 90°. Spin observables for thlebthree dynamical models are now
[m9] Near threshold, the clasg, spin observabl€,, has examined at two engrgleE,il = 0.920 GeV and 1..4 GeV for

a SC node at 90°. the purpose of testing the FTS rules. The spin observable
[m10] Near threshold, the clasg, spin observablé ,,  asymmetries atE2"=0.920 GeV, which are near the

has a SC node at 90°. (7,K*) threshold ofE'®=0.911 GeV, are shown in Fig. 1.

We shall refer to the above statements as FTS rulesthe case oE'j‘b—l 4 GeV is shown in Fig. 2.
m1, ... m10. We are now ready to confront these FST rules At 0.92 GeV, bothC,, and L, display the anticipated
with the spin observables found using three different dy-sign-changing nodes, see the FTS rules h1l, m9, and m10.
namical models. The functionE is nodeless at low momenta and falls slightly

below 1 for all three models, which indicates that only small
IIl. THE DYNAMIC RESULTS J=3/2 amplitu_d_es are in effect, see rl_JIes_ h2_ and h3. Thus,
the FTS suspicion thaE(0°)~1 is an indication of small

The kaon photoproduction observables are shown for thg=23/2, alignedP waves is realized near threshold in these
Adelseck-SaghaiAS) [6], Williams, Ji, and CotanckWJC)  models. Note the enlarged scale for @elot in Fig. 1.

[7], and SALY[8] models in Fig. 1 forEIab 0.920 GeV, and The consequences of assuming small aligRagave am-

in Fig. 2 for E5"=1.40 GeV. The obsérvables versus angleplitudes, e.g.L, = —C,, (rule h3, are realized for all three

6, notthe proflle functions, are presented in Figs. 1 and 2. Agnodels at 0.92 GeV. For example, we also see that
emphasized in the Introduction, these models are based dn=—C,, and P(§)=—H(6) in Fig. 1. Thus rule h3 is
selected baryon resonances and exchanged mesons, with fhdy realized near threshold. Indeed, the small deviation
physical basis for these models presented in Rs.8].  from these FTS rules can be used as a measure of the special
Here we simply compare these recent dynamical modelsensitivity of each spin observable near threshold to
with the FTS rules hl,..., h6 and m1, ... m10. J=3/2, alignedP wave amplitudes.

Note that these plots are organized with observables of a Assuming that at 0.920 GeV thé&’;, observables are
given Legendre classesy, %14, %15, %>) in columns, dominated byJ=1/2, Fig. 1 shows that the AS model has
with the first row giving the cross section and the single spinJ=1/2 amplitudes of the largest magnitude, that the WJC
observable®, T, andX. The second row of plots in Figs. 1 amplitudes are smaller, and the SALY model gives in general
and 2 gives the beam-targeE,H,F,G); the third row of the smallesd=1/2 contributions. TheZ, observableE also
plots shows the beam-recoiC{,,C,,O,,,0,/). The fourth  shows this 1/2 strength pattern. This behavior is consistent
row of plots gives the target-recoilL{/,L,,,T,/,T,/) double  with the coupling constan{$] of the three models. Note that
spin observables. the fact thatP andH are small compared t€,, and L,

To facilitate comparison with the FTS rules, the c.m.indicates constructive interference between the helicity am-
nodal anglegin degrees for the three models are plotted plitudesH,; andH,, e.g., they tend to be parallel near thresh-
versus the incident photon laboratory energy in Fig. 3. Weold.
call these “nodal trajectory” plots. These curves have been The next FTS rule h4, which is based on general helicity
calculated in the appropriate energy domain for each modegmplitude considerations, concerns the maximum num-
i.e., E'j‘bs 1.5 GeV for AS andz'j‘bs 2.1 GeV for WJC and ber of nodes for observables in Legendre class
SALY. The nodal angles are the angles at which a spin vari=~£1,(P;H;C,/;Ly/). For justd=1/2 amplitudes, this class of
able has a sign-changin@C) zero. A single node which observables should be nodeless near threshold, which is in-
moves with increasing beam energy appears as a singlieed the case at 0.920 GeV, see Fig. 1. AsIth&/2 ampli-
curve. A bifurcating curve shows the energy evolution of atudes turn on, due to either aligndwaves(1 + 1/2 = 3/2)
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FIG. 1. The 16 observables for kaon photoproduction progessk ™ A, for the AS(dasheg, WJC (dotted, and SALY (solid) models
are presented versus kaon c.m. arjie degrees. The photon laboratory energﬁ'ﬁ’:o.gzo GeV, which is just above the kaon production
threshold of 0.911 GeV. Observables of Legendre cl&gs “1., %1, and.%, are presented in each column. The first row gives the
differential cross section and the single spin observables; the next rows are the beam-target, the beam-recoil, and the target-recoil double spin
observables.

or unalignedD waves (2-1/2=3/2), the ¥, observables and WJC results, while AS stays at one node. The above
could develop intervening nodes, but not more than twodouble nodes seem to be located symmetrically above and
until the J>3/2 states turn on. below 90°. FofT,, SALY gets three, while AS and WJC stay
Indeed, at 1.4 GeV somé;, spin observables do de- with one node each, near 90° and 0°, respectively. The
velop nodes, see Fig. 2. In particular, the observaBlesmd mechanisms for these changes with energy are more readily
H, each develop one SC node for the SALY model. For thaunderstood by examination of the nodal trajectory plots of
SALY and WJC modeld ., develops two nodes, while for the next section.
AS, L, stays at one node at 1.4 GeV. These results comply The ¥, observablesY;G,0,/;T,) at 0.92 GeM Fig. 1)
with the FTS restriction h4 that”;, observables have no comply with rule h6; they are all nodeless and all, except
more than two nodes untid>3/2 amplitudes are strong. perhapsT,,, are small. These observables, as in thg,
Hence, at 1.4 GeV thé>3/2 amplitudes are not explicitly case, depend o= 1/2x 3/2 interference, which is why they
seen in the nodal structure of the&;, observables. The are expected to be small near threshold. At 1.4 Ge. 2),
double nodal structure df,, is a possible indication of in- 3 acquires an even number of nod&s for AS and WJC,
terestingJ=3/2 dynamics in the proton td spin rotation  while 3 remains nodeless for SALY. Als6 and O, each
function (DP4, see Appendix A acquire one node, but only for the SALY model. The observ-
For the £, observables T;F;0,/;T,) at 0.92 GeV ableT,, remains nodeless at 1.4 GeV for all three models,
(Fig. 1, two are nodelessT(F) and two ©,:,T,;) have but with much angular structure. All of these features agree
nodes in the vicinity of 90°. Thus the node part of rule h5with rule h6. However, the acquisition of an even number of
works for T,F, but not forO,,,T,,. The #;, observables nodes in3 for some models at and below 1.4 GeV is a
depend on interference betwedns1/2 andJ=3/2 ampli-  surprise, as will be discussed later.
tudes; hence, we can conclude that th@se T,, nodes near Now let us return to théZ, observables. At 1.4 GelFig.
90° yield important 1/X 3/2 interference information for all  2), the 4, spin observables vary considerably with angle and
three models. The reason for these nodes is presented latesome have nodes. The rules th&td) must have an even
For the #;, observables at 1.4 GelFig. 2), T acquires number of node¢h2) and C,, andL,, an odd number of
one node for WJC and SALY, while the AS model remainsnodes(hl), are clearly satisfied. However, the three models
nodeless. The observalffestays nodeless for all three mod- manage to satify these theorems in different ways, especially
els at 1.4 GeV. Double nodes appearQOg, for the SALY  in the number of nodes. This suggests that their “nodal struc-
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FIG. 2. Same as Fig.1, but for a photon energ)Eljf‘= 1.4 GeV.

ture” and the evolution of nodes with energy, is a source ofels rely ont channel exchanges for thele=3/2 strength at
specific dynamical information. low energies.
All of the models display nodal structures consistent with  Similar reasoning applies to the observafblén Fig. 3,
the hl, ..., hérules. To understand how these nodes dewhich also has an early 180° node for the SALY model. For
velop with increasing energy, and the underlying reasons fopJc, the target polarizatioff has a node due td=1/2*
the nodal structure of spin observables, it is more convenienitrength, but the node displays smooth nonresonant evolution
to examine “nodal trajectory” plots. We shall consider con- gjnce the WIC model has nb=3/2 resonances. Thus, the
sequences of having a limited number of multipole ampli-nq 4| structure oP andT are sensitive to explici-channel
tudes later. spin-3/2 resonances, but are not so revealing concetning
channel contributions. The curvés and T for SALY are
therefore good examples of resonance-driven nodal trajecto-
To follow the detailed development of nodes with increas-ries and show how such plots can be used to extract detailed
ing energy we now examine the “nodal trajectory” plots of resonance dynamics.
Fig. 3. The nodal angle¢e.g., angles at which SC nodes  The same SALY-3/2 resonances drive the spin observable
occup are plotted versus the photon’s laboratory energy.  H which has a particularly dramatic nodal trajectory as seen
a. Single spin observableset us start with the single jn Fig. 3. This case will be discussed in the beam-target
spin observablesR,T, and%), which are presented in the section.
top row of Fig. 3.(The cross section, and henee is node- For the photon asymmetry observaflethe bifurcating
less) The recoilA polarization,P in Fig. 3, has no nodes for pehavior seen in Fig. 3 for the AS and WJC models is unex-
the AS model; one node starting at 180° at 1.47 GeV for thgyected. This observable it requiredto have an even num-
WJC case; and an early node starting at 180° at 0.96 GeV fder of nodes(In contrast,E is restricted to an even number
the SALY model. Both AS and WJC models do not haveof nodes, which is the reason for its bifurcating nodal trajec-
spin-3/2 resonances, in contrast to the spin-3/2 isobar that tgry)) To get two nodes i, especially at low energies there
part of the SALY modelsee Table)l That isobar accounts has to be some=35/2 amplitude strengthThat strength is
for the dramatic difference in the observalllenamely, the  apparently not due to any 5/2 resonances, since none of the
early 180° node for the SALY model and the subsequeninodels have explicif=5/2 resonances. Instead, the 5/2
strong energy dependence of its single node is a reflection @ftrength at low energies arises front ehannel mechanism
the 3/2, /=1 resonanceN*(17201(3/2") at about The polarized beam asymmetty shows this unexpected
E®"=1.1 GeV, corresponding to the total energy of double nodal structure for the AS model at lower energies
\/é= 1.716 GeV in the center-of mass frame. The other modand at higher energies for the WJC model. For the SALY

2. Nodal trajectories



72 BIJAN SAGHAI AND FRANK TABAKIN 53

L0 Ll LZ
180 180
120 t 120 t
Ry ] W
60 | 60 -
0 0
180 ————== 180 180 — = 180
120 120 r 1 120 |
R & B T ©
60 60 - . 60 |-
0 0 1 Fa, | 0
180 180 ; , 180
120 120 |
3 o & <
60 60 -
O L 1 I 0
180 180
120 - 120 |
' Sy & W
80 60 |
0 L L I 0 I L L 0 . T L 0 I L I
09 12 15 18 21 09 12 15 18 21 09 12 15 18 21 09 12 15 18 21
E,(GeV) E,(GeV) E, (GeV) E, (GeV)

FIG. 3. The nodal trajectory plots for the spin observables of Legendre ¢®s%,, (b) #4141, (€) Z1,, and(d) £,. The c.m. kaon
angle at which a sign-changing zero occurs for a given spin observable is plotted versus the incident laboratory photon energy. The single
spin observables are presented in the top row, while the beam-target, beam-recoil, and target-recoil double spin observables are located in the
second, third, and bottom rows, respectively. Again the curves are displayed @at®g WJIC (dotted, and SALY (solid).

model, a single node appears at 180° and moves rapidly toucleon in aP wave, it can receive an extra orbital angular
0°; two nodes appear at higher energy and evolve smoothlynomentum boost when it is struck by the incident photon.
In the region that SALY has one node, this single node and'he kaon then boosts to af+ 2 state, which, when added to
its rapid motion can be accounted for by its-3/2 reso- the A’s 1/2 spin, generates 5/2and 3/2 strength, even at
nances. The double node at higher energy for SALY occurfow energies, without an explicit 5/2 baryon resonance. Thus,
when it picks upJ=5/2 strength, probably frort-channel we learn that channel, or kaon exchange provides 5&nd
effects. The general form of thed observable is 3/2~ strength and therefore contributes to the
siff(a+b cost+c cos'd), where the termsa and b arise  (E; ,MJ)5/2" and €, ,M;)3/2~ multipoles’
from interference betweed= 1/2 states, while the terra This mechanism is illustrated in Fig. 4. The AS model has
arises only ifJ=5/2 states contribute; for example arises  particularly strong-channel couplings, which are generated,
first from a 3/2<5/2 amplitude interference. Therefore, to in a duality sense, to make up for the absence of the 3/2
get the double nodal structure seen for the AS model neaesonances contained in the SALY model. The WJC model,
threshold, one needs a sizabléerm or, equivalently, at least which has weaker coupling in thtechannel processes, does
J=5/2 multipoles. It is also clear from this general form that ultimately also reveal a similar bifurcation in ti¥ observ-
for small 5/2, but sizable 3/2, amplitudes, the tdonarises
first from interference between 3(3/2 and hence can give
only one nodé. "In principle, allu andt channel resonances contribute to all mul-
The J=5/2 amplitudes could arise from a mechanism thatipoles. However, for the dynamical models considered here some
boosts the orbital angular momentum to higher values. Thaigher multipoles receive their major contribution frasechannel
striking of a virtual P-wave meson by a polarized incident exchange(see Fig. 4, in line with the duality hypothesis. This
photon ¢-channel exchangeprovides such a mechanism. behavior was determined by numerical investigation of these dy-
For example, if a virtuaK *or K* kaon peals off from the namical modelgsee also Sec. Ill B For example, for the simplest
model(AS), thel =2 to 4 multipoles are changed most dramatically
whent-channel resonances are omitted, than when we dropped in-
5To generaten SC nodes, an observable needs to be described agividual u andt channel terms from the AS model and then fitted
sin™g times a polynomial of orden in cosh. Herem=0,1,2 de- the same database and extracted the correspoheifigto 4 mul-
pending on the Legendre class,,. tipoles.
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a (NSO zero develops in this observable and with increasing
energy this vanishing extremum acquires a nonzero value,
then it must produce two SC nodes: that is what we mean by
a bhifurcation. Insight into this rule is gained by notibdj]
that E has the forma+bcos#+ccog6. The coefficientc is
determined by amplitude products of the form B%3/2"
and interferences 1/2<3/2". Thusc can exist either by
. ~having a 3/2 resonandas in SALY) or by enhanced chan-

FIG. f" Thet;chgnnel_or kaon (_axchgnge mechamsm._Th_e virtualyg| 3/2 strength, without invoking 5/2 terms. Hence, the qua-
Eﬁg?or(rcar?rbsos)t Ifh:tey?/liifulgl i?&ﬁefogapX";“’;ajeheT'r?g'nd?E; dratic form can be realized for those two reasons by all mod-

+AT : i i i i
final-state angular momentum is obtained by adding in\tlspin as els. Indeed, all model@zlg. 3 display a bifurcation at apout
51532 52 the negative parity arises from the rule the same photon energy; for AS and WJC the term c is gen-
(_l)/ﬁ This' me’chanism gfeeds pim'oy thleEgM \ai2 anud erated by the kaon exchange process; whereas, for the SALY
. 2 o :

(E;M3)5/2- multipoles. It is also possible for the incident photon ;?geng 'ic?fgseﬁ?éeir% tggol:;dfrzly'g%\?/ze\rzio?ﬁgggﬁ't-gzere

to lower /' +, to zero, which could affect thEg 1/2~ amplitudes;
this multipole is already large so the major effect is the one illus-a+ bcosy would seem to allow for low energy nodes. How-

trated here. If the kaon is left in B wave after the photon is €Ver, thea term is dominated byEq|?, while b depends
absorbed, then the abovehannel can contribute to the 3@,  only linearly onEgy’s interference with/’=1 multipoles.
and 1/2E;,M; states; however, these multipoles are usuallyThus, thea term dominates and without a sizable contribu-
dominated bys channel contributions. If the virtual kaon is thKd,  tion from bcoss, single nodes are prevented and one goes
it is produced mainly in anS wave and therefore yields directly to double nodes at higher energies.

/x+x=1,0, orJ=1/2",3/2" or 1/2 states, which are usually =~ The beam-target observatieis related to the single spin

dominated bys-channel contributions. observableP which was discussed in the previous section.
The rapid variation of the nodal location bif for the SALY
able, but not until higher energies of about 1.4 GeV. model is due to the 3/2 resonance, but in a more dramatic

Although the SALY model has strongechannel strength fashion than forP, see Fig. 3. Thus the double spin obsgrv-
than does the WJC modéee Table), it does not display ableH has enhanced 3/2-resonance dependence. This is an-
the bifurcation one might expect, because even at low enefther good example of nodal structure generated by reso-
gies thel = 3/2 resonances play a non-negligible role. For theh@nces. The relation between the nodal trajectorie® fand
SALY model the above role farchanneld=5/2 amplitudes H is particularly instructive. We know thatP+H
is not seen. Instead, in Fig. 3, tRefor SALY has a 180° =—2 Im(H;H3), where theH; andHj; helicity amplitudes
node which travels rapidly toward 0° in the region of the are zero unles3=3/2 amplitudes exist. Thus, in the absence
J=3/2 resonances of this model. This property is related t®f J=3/2 amplitudes, we recover the theoré?=—H of
the resonance-driven evolution of the single node in the obrule h3. In the case of the twb=3/2 SALY resonances, the
servabled®, T, andH for the SALY model. In the case, the difference betweerP and H is determined by Ini;H3)

3/2 resonance increases the size of isesd term and the and therefore by the associated amplitudes interference. The
rapid variation ofb with energy and its sign change explain two SALY resonances drive both andH in a very reveal-

how the 3/2 resonance causes the rapid 180° nodal evo- ing manner. Note that for the WJC model there are no
lution. At higher energies the SALY model does acquire 5/2J=3/2 resonances and consequently nodes for that case de-
strength and thus a nonzero quadratic tecugsé, permits  velop at higher energy and move from 180° to smaller angles
the appearance of two nodes, as seen in Fig. 3. Thus, all @inoothly for bothP andH. This is an example of a non-
the 3 curves arise from resonance andiahannel mecha- resonant driven nodal evolution, where the 3/2 strength
nisms. probably arises first front-channel effects.

We conclude that the observallleprovides a particularly Hence, observation of botR and H could reveal the
sensitive test of resonances and Jof5/2 amplitudes and presence or absence of resonance dynamics. One would need
thereby oft-channel or meson exchange processes. The basie measure the polarization of the finalvia its decay and
idea of duality, which equates a sum overtathannel pro- also measuréd which requires a linearly polarized photon
cesses with a sum over allchannel resonances, shows thatplus a proton target polarized in the direction. In the
there is a close relationship between a dynamical model'sresent case we are dealing with two neadsy3/2 reso-
content with respect to assumed resonances and the cormances albeit of different parity; it would be of interest to
sponding strength of thechannel exchanges needed to fit explore the nature of nodal trajectories for isolated and/or
the data. Thus, another way to describe the significance afominant resonances such as are thought to occy rime-

3 is that it tests the duality structure of the dynamics. Thisson productiorj11].
result and the enhanced role &£ 5/2 amplitudes were not For F we see no nodes until higher energiabove 1.4
anticipated by FTS. GeV) for all models. The AS develops two nodes, followed

b. Beam-target spin observable¥/e now discuss the by WJC with two nodes, and then SALY comes on with three
nodal trajectories for the beam-target observables, which armgodes in the 1.8 GeV region. This is clearly not driven by
given in the second row of Fig. 3. For the observalBlea  any of the resonances, they occur at lower energies. The
bifurcation of nodes appears in Fig. 3. Recall tEats re-  form of F is sinf(a+bcoss+ccosd+dcosd), where from
stricted to an even number of nodes by rule h2. Therefore, iEq. (D6) of FTS thea term is enhanced by the lardg;



74 BIJAN SAGHAI AND FRANK TABAKIN 53
multipole, which makes it difficult for thdo and c terms, enhancement. Thus, it exhibits a smoétlenresonantevo-
needed to generate nodes, to play a role. But this amplificdution of its low energy node, followed by an early turn-on of
tion of thea term is also true for the observablBsandT  three nodes. This early turn-on of 3/2 amplitude appeared
and they do exhibit nodes; whereas, Fothere is a delay in earlier in the bifurcations seen & andE. For WJC, there
the appearance of nodes. Theterm for F must therefore are only small 3/2 amplitudest has no 3/2 resonances and
conspire to be smaller than for these earlier cases; it might bés kaon exchange is smylitherefore, it exhibits a smooth
characteristic of the observable not to have nodes only evolution of the 90° node toward zero angle,

after a critical energy is reached. When double nodes do turn For C,,(Fig. 3) we note an absence of nodes until ener-
on in F for the AS model, it is because andc are compa- gies above 1.4 GeV. The AS and then the SALY model ex-
rable; we need to invoke cliterms to get double nodes. To hibit one simple node, while WJC turns on with three above
generatec, the AS model must use its considerable 5/2 am-1.61 GeV. The prevention of early nodes is understood from
plitudes, so again this suggests-ehannel mechanism. The Eq. (D9) of FTS, wherein the leading sitxa term is domi-
same reason explains the later appearance of two nodes faated by theS-wave multipole|E( |28

the WJC model, which is weakest frchannel strength. The ; S, ; :
SALY model is the first to develop three nodeskn which tur;’heths:;[t)lncgzset;\;abhenae?Sa:zoz C?rrgﬂlcifd gne?]d;;ftr:;m

means thal term is effective, but not until higher energies (5x,=sin0(a+bcose+ccosz0), where near threshold is

whereJ=5/2 strength can be generated in several ways. dominant since it depends linearly &j’s interference with
The observablés has a single node for only the SALY " . P early .
np/2" multipoles; whereasa involves only /=1 waves.

model, as seen in Fig. 3. This observable is of the for k
siré(a+bcos), wherea depends orP-wave interferences Thus a 90° node near threshold occurs for all three models,

of the type (1/2 X 3/2* +3/2* X 3/2*), and alsoS- andD- which although not required by FTS rules, arises from dy-
wave interferences. The term, which is needed to generate Namical dominance o6 waves near threshold. That node
a single node, depends ¢h and D-wave interference; in- Moves most rapidly for the SALY model, due to its 3/2 reso-

deed, inb the D waves (5/2 and 3/2 multipoles appear hances; the SALY model is also able to turn on ¢hierm to
multiplied by P-wave amplitudes (3/2 and 1/2 multi- gerlerate two nodes above 1._26 GeV due to off-resqnance
poles. Even above the resonance regiBawave amplitudes 3/2" strength. The AS model displays a smooth evolution of

(3/2* and 1/2) interfere withD waves sufficiently to gen- the low energy 90° node because it lacks a 3/2 resonance.
erate ab that is comparable ta only for the SALY model, The WJC exhibits structure in the evolution of its 90° node

which yields the single node i6 seen in Fig. 3. For the AS and also acquires two nodes above 1.2 GeV. This WJC evo-
and WJC models, thé term does not have sizabR-D lution arises perhaps from the energy dependence oSthe
keepsa large enough, due to largg@waves, to make it dif- ence with 1/2 amplitudes

ficult in general to generate nodes@ A single node inG For O,, only SALY and WJC exhibit single and
provides evidence for significaf-D wave interference and smoothly — evolving  nodes.  Its  general  form
possibleP-wave enhancement. 0, =sirfé(a+bcosd), hasa dominant because it involves

In many cases, especially at low energies, nodal trajectathe S-wave E; multipole, which accounts for the delay in
ries are seen to reveal either resonancéarannel effects, the onset of nodes, which do occur when the™3R2 waves

and/or enhancements due to dominance ofAle0 multi-  allow b to compete witha.

pole. d. Target-recoil spin observableslow consider the nodal
c. Beam-recoil spin observableNow consider the nodal trajectory plots in Fig. 3 fot,, Ly, T, Tyr.

trajectory plots forC,,,Cy/,Oyx/,0,. For L,., recall that FTS h3 indicates that, = —C,, if

At first glance,C,, in Fig. 3 seems impossible to under- J=3/2 amplitudes vanish. Similar nodal structure for these
stand, but it does have some simple features. All modelswvo observables is then expected for models with small 3/2
have a 90° node near threshold. This property can be undeamplitudes; this holds true for the AS case and, to a lesser
stood from the general form for this observable extent, for the WJC model.

C, =a+bcos9+ccogh+dcosd, where near threshold is For L/, the S wave dominance of the siix|E;[? term
dominated by{Eg|?, while a depends linearly ofE,’s in- prevents low energy nodes. By the tirRewaves enter they
terference with/'=1 multipoles. Thus near threshold the are strong enough to invoke quadratic terms and generate
cos term dominates and gives the 90° node near thresholdlouble nodes; hence the bifurcation for all nodes is seen.
The SALY-3/2 resonances show up@j, by rapidly moving  This is similar to theE case, except there is no even node
that 90° node first to smaller and then to larger angles. In the,, theorem.

general form of the observablg,, the cubic termdcos’é, The form of'ArZ, is sirfé(a+bcosg+ccogh); we have an-
appears even when a truncatiornvte<1 is used. Thel term  other case where th&wave dominance of thb term pro-
involves interference between the alignkd 3/2 amplitudes. duces 90° nodes for all models near threshold, followed by a
Therefore, in addition to explaining the rapid motion of therapid variation for the SALY case due to its 3/2 resonance.
lower energy node by 3/2 resonances=dt.31 GeV there is

enough off-resonant 3/2 strength in the SALY amplitudes to——

invoke the cubic term and hence yield the three nodes seen irfSeveral such cases occur where the multip&g|? dominates
Fig. 3. Similarly, at~ 1.23 GeV the AS model has consid- thea andE, enters linearly in théacos terms in the polynomial.
erable 3/2 strength, not by a resonance, buttdohannel  That structure prevents nodes until higher energies.



53 NODAL TRAJECTORIES OF SPIN OBSERVABLES AND KAON ... 75

‘ w : 0.01 . ,
0.10 - —oE B
4@% SUCE
el '
0.05 | : et AS e ®)
A DS 0.00 - - .
0.00 - Ry » *
T 5 **X& *. 7T Ey
% **xx y, +o B,
005 (a) AS o e
"
-0.10 ‘ ; | | -0.01 | ;
010 + Dﬁ A 008 wic -
ja) - B
‘§ . o o6 ‘§ »@ﬁﬁ%
S, oos - Lo ;ﬂi/g/g/@/ \@\ ) s "
= A Ly \ 2 o000 :
s 5 r
3 e
§ 0.00 - %jﬁ 4 B *,,,ﬁ*
0 &éﬁ 80 A
S & S oot o —
5 -0.05 - 4 E o
} wJjC A
Bt
-0.10 : : : 1 -0.08 Y ‘
0.10 |- i 0.05 | e ]
*
SALY %
0.05 |- 1 o
0.00 H‘%w‘”‘ ++++ + 4 -+ i
F ;L""
0.00 | + ¥
: ¥
0.05 |- : ;
-0.05 - 1 i
SALY K
.
010 . \ . . -0.10 : :
-0.2 0.0 0.2 0.4 0.6 0.8 -0.2 0.0 0.2
Real part Real part

FIG. 5. Argand plots of the electric and magnetic multipoles for the AS, WJC, and SALY modéh f6<1 and(b) /=2. TheSwave
multipole E; starts at a nonzero point along the real axis and then evolves with energy. All other multipoles start at the origin and follow
the trajectories shown as energy increases. For resonant states the Argand plot exhibits the usual looping. The) ss&egnfixed, but
it varies with model inb). Note the role of these amplitudes in observables is typically weighted by 2actors; henc®-wave effects can
be magnified.

Once the 3/2 amplitudes turn on at higher energies, in pantontrast, the helicity rules based on general symmetry prin-
from t-channel effects, then the term enters and double ciples are not and should not be broken.
nodes appear. This is similar to t, case. To facilitate comparison of the dynamical results of AS,

: : . WJC, and SALY to the rules offered by FTS, it is best to
= + ! !
Finally, with the form T, =sir'é(a+bcosd) the S wave xamine the Argand plots of multipolé&ppendix B for the

maﬁesa dqmsgaSn tGarl;)j fnoiflj Care tjhirgf.oret Eost?oned untﬁsl WJC, and SALY models. Thg- andP-wave multipoles
Igh energies 1.5 e for an (Just barely seen, are displayed in Fig.(®), while theD waves are in Fig. ®).

since this is the end of its regiprand at 1.55 GeV for the Note the scale is fixed in Fig.(8), but varies with model in

SALY model. Fig. 5(b) with the AS having the smallest scale. For conve-

_Many of the chz_iracterlsncs described above are deterﬁience, the multipoles are phase rotated to give a Egal
mined by the dominance o waves and the subsequent inole at threshold. Only tha-wave multipole is non-

appearance d? waves. The most interesting cases are thosg g at threshold; all others start at zero and evolve’as
that arise from isobar resonance and/channel effects. where q is the K* A linear momentum. The WJC model

displays a rapid variation iff; due to itsN* (1650)1/2
isobar (see Table )t the two other models havE, multi-
poles that decrease without resonaneceunterclockwise

Each multipole includes reference to the final K or- Iooping) struct_ure. Structure due t_o tHﬁ*(lZlO)llZ of
bital angular momentum. Hence, explicit truncations are sug?/JC IS seen in the energy evolution of i, multipole,
gested and additional rules m1, ., m10 can beleduced with gll of its other multipoles evplvmg nonresonz?\ntly. The
for observables near threshold. The assumption involved iftS displaysM; structure from itsN*(1440)1/2" isobar.
deducing these additional rules is that centrifugal barrier supThe M; multipole has nonresonant structure in the AS
pression of amplitudes dominates the dynamics, and thanodel. For the SALY case, that multipole displays resonance
resonance or other special dynamic effects can be neglectd@oping due to the addeN* (1720)3/2 isobar, which also
However, dynamical models do include baryon resonanceiitroduces some&; structure in the SALY model. The SALY
and particulart-channel exchanges and therefore it is ex-model'sM; also acquires resonant structure apparently due
pected that the FTS m1,.., m10rules will be broken. In  to its A*(1600).

B. Multipole rules revisited
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TABLE Il. The multipoles for the three models listed in order of their maximum size from threshold to
the maximum energy range of the corresponding model, based on Fig. 5. The boldfaced multipoles display
counterclockwise resonance looping. The multipoles marked by a dagger receive strengticframmel

exchange.
AS Eq(1/27) M7 (1/2%) E; (3/2%) E, (3/27)7 E,(5/27)7
M (3/27) M, (3/127)1 M (5/27)1
wJac Ef(1/27) E; (3/2%) M7 (1/2%) E,(5/27)"
E, (3/27)" M, (3/127)1 M (5/27)1
M (3/2)
SALY Eg (1/27) M7 (3/2%) M7 (1/2%) M3 (3/27) M, (5/27)1
EF (3/2%) E,(5/27)7
E;(3/27)
The D-wave multipoledFig. 5b)] are quite different for Using these Argand diagrams we can now discuss the FTS

the three models. Only the SALY model has expligiwave  multipole rules. The cross-section peaking rule of FST, under
isobars and consequently that model displays resolignt the neglect of/'=2, requires thatz,/;(Pl) and E; be within
andE, 3/2" looping. The 5/2 multipoles €, ,M,) evolve  90° when viewed as vectors in the complex plane. When one
smoothly from zero. The small AB-wave multipoles have plots ) and compares it t&, , it is seen that rule m1
some interesting structure, which does not arise from expliciholds true. Although many FTS multipole speculations do
D-wave isobars. For the WJC model, there areDnavave  not occur because of thechannel mechanism, rules m9 and
resonances and the multipoles evolve without structure. Note10 are true at low energies, sinEé dominates andC,,
that the t-channel mechanism illustrated in Fig. 4 feedsgnd L,, do have SC nodes at 90°. Other rules that hold true
mainly into the 3/2 and 5/2° multipoles. Thus, aside from are m6, which does get realized in the complementary nature
the SALY case, thes® wave multipoles are connected to of the nodes; namely),, has, whileT,, does not have nodes
that mechanism. at least below 1.5 GeV. The other FTS multipole rules are not
The main properties of the Argand plots of Fig. 5 are therealized, because the FTS truncation assumptions did not
relative strengths of th€ =<2 multipoles and their relation to take into account that-channel exchange can introduce
their input resonances and the strength of thethannel higherJ amplitudes.
mechanisms. The’=0 multipole E, is naturally dominant Using Fig. 5 we can classify the relative roles of the mul-
near threshold. It decreases smoothly for the SALY and ASjpoles for each model. For the three models, the relative
models, but due to the isobars in the WIC model, tBgir  jmportance of the multipoles, based on the maximum size of
multipole has a rapid looping at low energies. Several charge myltipole over the full energy range, is given in Table I1.
acteristics are worth noting. S The resonant multipoles and those that receive strength from
In the AS model(1) the (E;)1/2" multipole is driven by channel exchange are also indicated. The enhanced role for
the nucleors-channel term and A4 (1670) resonancé?) the  p wayes is generated by one or another of these mechanisms
(E{ ,M{)3/2" multipoles are not driven by a resonance NOrgepending on the dynamics of the model.
by t-channel exchangé¢3) the (M;)1/2" multipole is driven These multipole strengths are consistent, of course, with
by one N(1440) resonance(4) the (E; ,M;)3/2” multi-  the driving resonances and titehannel strengths of each
poles are driven bychannel exchangéb) The 5/2° multi-  model.
poles €, ,M;) receivet-channel contributions. The big surprise for FTS is the importance6f2 mul-

In the WJC model(1) the (Eg)1/2” multipole is driven tipoles in the 3/2 and 5/2 states, due to kaonic exchanges.
by the nucleons-channel term and the\(1405) plus

N(1650) resonanceg?) the (E; ,M;)3/2" multipoles are
not driven by a resonance nor bghannel exchangé3) the IV. SUMMARY AND CONCLUSIONS
(M7)1/2" multipole is driven by oneN(1710) resonance;
(4) the (E, ,M;)3/2" multipoles are driven by-channel
exchange; (5) the 5/2° multipoles E,,M,) receive
t-channel contributions.

In the SALY model:(1) the (E4)1/2” multipole is driven

Based on general symmetry requirements, F#Ede-
duced general rules for the 15 spin observables in the pho-
toproduction of pseudoscalar mesons. These rules, supple-
mented by assumptions of smooth energy evolution and
centrifugal barrier dominance can be used to define the “nor-
by the nucleons—c?annfl ter+m and by th& (1670) reso-  mg" phehavior of spin observables. Deviation from some of
nance; (2) the (E;y,M;)3/2" multipoles are driven by hese rules indicate a serious violation of a symmetry, such
N(1720) resonance(3) the (M1)1/2" multipole is driven  as parity violation. Deviations due to nonsmooth energy evo-
by the two N(1440)A(1600) resonances;(4) the |ution, or dominance of selected states, are of dynamical ori-
(E5 ,M3)3/2" multipoles are driven by ai(1700) reso- gin, as in the case of underlying hadronic resonances. As a
nance and byt-channel exchanggb) the 5/2° multipoles  prelude to analysis of future experimental results we have
(E5 ,M3) receivet-channel contributions. confronted the FTS analysis with three current mog@iss]
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of the photoproduction ok * mesons. 1/2X 3/2 interferences. Even at low energies, @g observ-

All of the predictions based on parity and angular mo-able shows deviations from FTS rules for the three models
mentum conservation are realized in these models, includingecause otlynamicaleffects.
statements about the even or odd number of sign-changing The next double polarization family, beam-target, con-
nodes. The only deviations noted are those possibly attriniains some common features with the above asymmetries.
uted to special dynamics, such as underlying resonances. INamely, the observables connected to the circularly polar-
deed, an important conclusion is that observation of thézed beamE andF, have behavior comparable @, and
nodes of spin observables, as they unfold with energy, offers, respectively. For the linearly polarized beam observables

a powerful way to extract specific dynamical resonance inthe situation is slightly different. Thél asymmetry mani-
formation. fests characteristics similar to those Bf with s-channel

This conclusion is realized by addressing two crucialSpin-3/2 resonance effects amplified because of an enhance-
questions{1) what can the nodal structure of tifierthcom- ment due to a largEg multipole in the co8 term, while the
ing polarization datareveal about the highest spin of the nonresonant driven nodal structure due to duality induces a
intermediate state baryonic resonances required by the reacery different evolution. TheG asymmetry is driven by a
tion mechanism?2) in dynamical modelshow can we dis- spin-rich interference between 1/2, 3/2, and 5/2 terms.
entangle the contributions due to genuine baryonic resoHence, the appearance of a single node in this observable
nances from those mimicked by the kaonic exchanges in linprovides evidence for significar® XD wave interference
with the duality hypothesis? and possiblé® wave enhancement.

To summarize our findings, and in view of the envisioned The last set of observables, target-recoil asymmetries, are
polarization measuremer|ts—3] we single out our most sig- characterized by the dominance $fwaves and the subse-
nificant results on the reaction mechanism deduced by corguent appearance & waves arising from isobar resonance
fronting the FTS rules with specific models. and/ort-channel effects, similar to the cases seen already for

The A —polarization asymmetry is technically the easiestobservables within other families. This redundancy in infor-
to measure. Here, the nodal structurePofland alsoT) is  mation content is of course expectgtd] from analysis of
mainly of resonance-driven nature and hence is sensitive the number of independent experiments.
explicit schannel spin-3/2 resonances. The beam-asymmetry Nodal angle versug, trajectories, based atirect experi-

S proves to be an appropriate observable in testing the vanental information rather than specific dynamical models,
lidity of the duality hypothesign the strangeness sector. This should provide a powerful tool in pinning down the reaction
duality hypothesis is verified by investigating the underlyingmechanism of the strangeness electromagnetic production
dynamics of three models; wherein, 5/2 amplitude strengtiprocesses and, hopefully, in the search for missing reso-
influences spin observables via 3/8/2 and/or 5/X5/2 in-  nanceq14].

terference, even though explicit 5/2 resonances are not in-

cluded in the models. The 5/2 strength arises ftemather ACKNOWLEDGMENTS
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distinguishablemechanisms according to the dynamical in-
gredients of the models, e.g., the explicit presence of spin-  APPENDIX A: SPIN OBSERVABLES RECALLED
3/2 resonances versus the manifestation of the duality e ) ,
through thet-channel exchanges. This property is also true . 1he definition of the various spin observables are pro-
for the beam-target observalie In addition, the cubic term V|_ded in the literatur¢4]. For convenience we present a brief
in cos arises through the 3/2 amplitudes interferences. Th&iScussion of the 16 observables.
other beam-recoil observabl€,) with circularly polarized The differential cross section is defined by
beam shows high sensitivity to thle=3/2 alignedP waves
producing anexplicit signal for theJ=3/2 resonances. The o 9):9% 0)
asymmetriesD,, andO,, corresponding to a linearly polar- k' ’
ized photon beam contain important information on

with g the final andk the initial c.m. momenta. Here we

extract the angle dependent functieiid), which is used in

We have not included the oft-quoted work of Rgf2], since we FTS to defipe “profile functions.” These profile functions are

found a serious error in their code; namely, th@ir functions are  denoted byX=.7X X, for any spin observabl¥. The profile
wrong. As a consequence, their spin observables display a large afidnctions are determined by bilinear products of amplitudes
incorrect number of nodes near threshpld]. We appreciate re- and therefore are useful for extracting amplitude informa-
ceiving a copy of their code from C. Bennhold. This was a casetion.
where the general FTS threshold ruld$ served to detect an error Of the 16 observables, one (%) the cross-section func-
and shows one way these rules can be useful. tion.7; three aresingle spin observable$?) the polarization
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of the produced\, |5; (3) the polarized target asymmetry, The Cartesian components refer to the spin axis for the bary-
T: and (4) the photon polarization asymme@ ons; for the photon they indicate either linear or circular

The remaining 12 spin observables ateuble spin ob- Polarization stategsee Ref[4] for a discussion
servablesThese are further classified as involvi@jT) po-
larized beam, polarized targgBR) polarized beam, polar- APPENDIX B: PROJECTION OF MULTIPOLES
ized recoilA ; (TR) polarized target, polarized recdil. Each - o i
of these three types of double spin observables have four Argand plots of the electri&; and magnetit; multi-
members. ThéBR) type is also called a spin transfer observ- Poles are obtained from the GLN amplitudesF,,F5,F3,
able. The(TR) type is also called a spin depolarization ob- @ndF4 by the following projection integrals:
servable, often denoted by the symiij for example, the
depolarization spin transfer variable where the incigeand Ef= 1 fl dx(F P —F.P

. . . . . / Z 1/ 2/ +1

the final A spin directions are normalN) to the scattering 2(/+1)) 1
plane is usually calle® . In the notation of FTS that spin
variable is called:?:yA, . Their notation is based on the spin
correlation description, where the superscript indicates the
two particles involvede.g., the BT, BR, or TR classificatipn
and the subscript indicates direction. These directions are E_:iJl dx
denoted by either the initial unit vectors,y,z, or the final 2/ )
unit vectors,x’,y’,z’. Another convention used is that of
normal N, sideways S, and longitudinal L directions: 2 ,
X=S,9=N,7=L. T )F4P/—1)'

The relations between these spin-correlatidouble spin
observables and the conventional set used here is for BT:

1
(1=x3)F3P 4+ ——=(1=x3)F4P, . 4],

VT 742

1
—F,P,+F,P, 1+ 7(1—x2)F3P’/

FiP,=FaP, 11

+ _ 1 1d
M/‘Z(/H)L X

E=CZ‘Zp, H=C;'§’,
- N 1
—_Cvp —_Cvb. S ) '
F=CJy, G—ngz, /(/’+1)(1 x)F3P/),
for BR:
_ 1
Czr:C’Zy”ZA;, CX’:CZ‘;\" M/:yfldx(_FlP/—i_FZP/l
O, =Ccr 20, =cr 1
y,X, Z y,Z’ ’ + - _ 2 !
/(/+1)(1 X7)F3P ) |. (B1)
and for TR:
[ —cPA [ —cpA Here x=cos?, P, are the Legendre polynomials, and the
'z X zx' CGLN amplitudes are given in Reff6,7], where they have
- - been calculated using diagrammatic techniques in an isobaric
T,=cPS,  T,.=cP?
2T oy X ! approach.
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