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Results of a combined analysis are presented for the productienaoid ¢ mesons inmN reactions in the
near-threshold region using a conventional “nonstrange” dynamics based on processes that are allowed by the
nonidealw-¢ mixing. We show that the interferences of thehannel(meson exchangeands, u channels
(nucleon and nucleon-resonangédgfer significantly for thew and ¢ production amplitudes. This leads to a
decrease of the relative yields, in comparison with the expectations based on a one-component amplitude with
standardw-¢ mixing. We find a strong and nontrivial difference between observablesand ¢ production
reactions caused by the different roles of the nucleon and nucleon-resonance amplitudes. A series of predictions
for the experimental study of this effect is presented.
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[. INTRODUCTION duction in 7N reactions give for the ratio of averaged am-
plitudes the value oR,,,= 8.7+ 1.8, which is much smaller
The present interest in a combined study of thend¢  than the standard OZI rule violation value Bf}=15.43
meson production in different elementary reactions is mainlyand may be interpreted as a hint to nonzero strangeness com-
related to the investigation of the hidden strangeness degreesnents in the nucleon.
of freedom in the nucleon. Since tlfe meson is thought to Obviously, reliable information on a manifestation of hid-
consist mainly of strange quarks, its production should belen strangeness in the combined studypofind » produc-
suppressed according to the Okubo-Zweig-liz0®Z1) rule  tion processes can be obtained only when the conventional,
[1] if the entrance channel does not possess a considerallg., nonexotic, amplitudes have been understood quantita-
admixture of strangeness. The standard OZI rule violation iéively. The reactionmN— VN with V=, ¢ has the evident
described by the deviation from the ideai¢ mixing by the ~ @dvantage of being a simple hadronic reaction representing a

angleA 6,~3.7° [2], which is a measure of the small con- subprocess, e.g., INN— VNN reactions. The study of the
former reactions is one of the objectives of the present work.

tribution gf light u_,u andd,d quarks in the¢ meson, %" The dominant conventional processes are depicted in Fig. 1,
stranges,s quarks in thew meson. Thus, the ratio @ 10 ¢ where(a) is thet channel meson-exchange process, wiije
production cross sections is expected tORf§¢:COIZA Oy depicts thes, u nucleon and nucleon-resonance channels.

=2.4x 10 When taking separately each of these amplitudes, the ratio of
Indeed, the recent experiments on proton annihilation at» to ¢ production amplitudes is proportional to cat),
rest(cf. [3] for references and a compilation of dagmintto  =15.43, and the question of how their coherent sum can

a large apparent violation of the OZI rule, which is inter- result in a deviation from this value arises.

preted[3,4] as a hint to an intrinsics component in the Note that most of the previous considerations of the pos-

proton. However, the data can be explained as well by modig,ible violation of the OZI rule in hadronic reactions are

fied meson-exchange mod€lS] without introducing any based on one-component amplitudes in the spir(tl6{11).

strangeness component in the nucleon or OZI rule vioIati0|$Ut if one assumes that the process is a coherent sum of at
mechanisms least two amplitudes, say, for example, a meson-exchange

On the other hand, the analysis of thél sigma tern{6] and a nucleon term, then the result may be different from the

suggests that the proton might contain a strange quark ad-
mixture as large as 20%. Thus this issue remains controver- &V,
1

sial. Therefore it is tempting to look for other observables o V_ T v
[3,7,8 that are sensitive to the strangeness content of the /E -7 >
nucleon. Most of them are related to a possible strong inter- 7 N ~ ~ . N
. — . p n p N,N n p N.N n
ference of delicatess knockout (or shake-off amplitudes b
a

and the “nonstrange” amplitude, which is caused by OZI
rule allowed processes, or by processes wherein the standard g, 1. Diagrammatic representation of the p— Vn reaction
OZI rule violation comes from thé-» mixing. mechanisms withV=w, ¢. (8 Meson-exchange diagram with

A detailed analysis of the current status of the OZI rule inyector-meson emission from theéps vertex, (b) nucleon and
7N andNN reactions has been presented recent[@inlt is nucleon-resonance vector-meson production in YN and
shown in[9] that existing data for the and ¢ meson pro- VNN* vertices.
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expectation resting on a one-component amplitude. Indeedhadronic observables are very sensitive to the parameters of
let us suppose for a moment that, because of some hadrortice form factors, which cannot be fixed unambiguously with-
dynamics, the nucleon term for th¢ production is sup- out adjustments relying on the corresponding experimental
pressed relative to the meson-exchange term. This suppredata.

sion might be caused by the baryon propagator, which is In Refs.[23,24] the parameters df NN interactions have
different for ¢ and w production at the same energy excessbeen determined by analyzing commonly the reactipps
because of the different thresholds. Then the rati@ dbd ¢ —ppw and pp—pp¢ and the corresponding new DISTO

amplitudes becomes data[25] at a given beam energy, assuming the same produc-
tion mechanism without resonance contributions. In a previ-

|14+ Rl ous paper12], in order to constrain the parameter space
R,/4=COtA 49\,—¢~COTA Ov| 1+ Ryml» (1) further, we performed a combined analysis of the reactions

|1+ Rl 7~ p—ng¢ andpp— pp¢ at the same energy excess. A good

) description of available data has been achieved. We did not
where Ry are the ratios of nucleon and meson-exchanggonsider in[12] the w production for which the production
amplitudes. Thus, one can get immediately an enhancemef{echanism is more complicated because of the resonance
(suppressionof R4, as compared to the OZI rule predic- contributions shown in Fig. (b). Therefore, the problem of
tion, for a constructivédestructive interference between the the validity of the OZI rule was beyond the scope of consid-
two  amplitudes and fofRg, | <|R&u|<1. In our previ-  erations in[12].
ous study[12] of ¢ production we supposed a destructive  In this paper we attempt a different approach with the
interference between meson-exchange and nucleon termgoal to check the validity of the OZI rule in a combined
Assuming the same fa® production,R,,, must decrease, study of the related reactionsN— Nw and7N— N¢ using
even without any speculation on the strangeness content the known data within the same interval of excess energies
the nucleon. In case of considering theproduction, how- 10—-100 MeV and taking into account the nucleon resonance
ever, this two-component model is not longer adequate, sincghannels.
one has to include various strong resonance channels. The Our paper is organized as follows. In Sec. Il, we define
ratio RE"N+N*),M becomes complex, which may change thethe effective Lagrangians, derive expressions for the ampli-
above estimates in any direction. tudes of the processes shown in Fig. 1 and discuss the pa-

The resonance contribution to vector-meson productioiameter fixing. In Sec. Ill the results of numerical calcula-
has its own interest because it might significantly affect in-tions and predictions are presented. A summary is given in
medium polarization operators and the corresponding dilepSec. IV.
ton emissivity of hadronic matt¢d3—15. Therefore its de-
tailed study in elementargN processes is another objective Il. AMPLITUDES
of the present work. An important step in this direction has
been done recently by Riska and Brown[iI6], where the
relevantmNN*, oNN*, and NN* coupling constants are
expressed in terms of the corresponding couplings to nucl
ons using a quark model. Our study here exploits essentially
the findings of[16]. The role of the low-lying nucleon reso- b M
nances in a combined study p? andw production based on dQ  64n2s ||
the relativistic coupled-channel model has been studied in
Refs.[14,17). Some aspects of themeson spectral function Wherek=(E k) andq=(Ey,q) are the four-momenta of
in the nucleon-resonance model have been discusgd@jn  the pion and the vector meson in the center of mass system
The contribution of the higher resonances to éhphotopro-  (¢.m.s); the squared invariant amplitud@|? includes the
duction has been analyzed in REE9]. average and sum over the initial and final spin states, respec-

Our analysis of the reactionN— VN is based on calcu- tively. We denote the four-momenta of the initi¢édrge} and
lations of the diagrams in Fig. 1. While the diagrams in Fig.final (recoil) nucleons byp andp’, {2 and#é are the solid and
1 look like usual Feynman diagrams it should be stresse@olar angles of the produced vector meson in the c.m.s.,
that they give a guidance of how to obtain from an effective= (p+k)? is the usual Mandelstam variable.
interaction Lagrangian of hadronic fields a covariant param- We also consider the spin density matpix,, which de-
etrization of observables in strict tree level approximationfines the angular distribution in the decay26] w,¢
The puret channel process in Fig(d) is found to be insuf- —e‘e”, o—7"7 7% and $—K*K™. It has a simple
ficient to describe the data, even in a narrow interval of exform in the system where the vector meson is at fést
cess energies above the threshold. Therefore, we follow thdetails sed12]). The decay angle® and® are defined as
common practicécf. [19,20) and include thes andu chan-  polar and azimuthal angles of the direction of the three-
nels, which necessarily also contain baryon resonances. Adromentum of one of the decay particles in the vector me-
ditional ingredients are needed to achieve an accurate dson’s rest frame. For the— 7+ 7~ «° decay, is the polar
scription of data within such a framework. In particular, theangle of the direction of the vector produdt ¢ XK,-),
vertices needs to be dressed by form factors. The early thevherek,+ andk,- are the momenta of * and7~ mesons,
oretical studies21,22 show, indeed, that predictions for respectively[27]. The e"e~ decay distribution integrated

The differential cross section of the reactian p—Vn
with V=, ¢ (cf. Fig. 1) has the obvious form in standard
dhotation,

do 1 |q
T|?, (2
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over the azimuthal angl®, ¥V(cos®), depends only on the

diagonal matrix elementpqy, p11=p_1-1, NOrmalized as
poot2p11=1, according to

. 3
we e (cos)=Z[1+poo+(1—3p00)cos’-®]. ©)

The corresponding distributions for the hadronic decays
—KTK™, o—ata 7% are

R P
WH(cos®) = 5[1=poo~ (1~ 3pgo)COSO]. (4)

In our calculation we choose the quantization axialong
the beam momentum.

A. Effective Lagrangians

In calculating the invariant amplitudes for the basic pro-
cesses shown in Fig. 1 we use the following effective inter-

action Lagrangians.
(i) Interactions in the meson-exchange prodésg. 1(a)]

£Vp1T: ngﬂ'E# Vaﬁé),(u,V)VVTr( (?apﬂ'ﬂ) ’ (5)
- NN
‘CpNN _gpNNle Yu ZKA 0-;/,1/(9(;)) P ¢N1 (6)

where Trpm)=p°#°+p"m +p «*, and 7 and p* de-
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1 f1535

Ny -(1835)81;  — aNN* “ 1535
=in V05T T Oy

MNN* m,,

note the pion and rho meson fields. The partial derivatives

30 and a7,
fields V# and p*; €,,.5 is the Levi-Civita symbol with
€o123= 1.

(i) Interactions in the baryonic channg¢Rig. 1(b)]

— f
N 940)N NN
Eerilzrin( ) =in| — ;TT] VsV ot T
T
NN
_gVNN( Yu— 2M )V“}lﬁN, (7)
§1440
+ — *
E:‘Al’ilzNil440)P11: le[_ al;r;m 757#3’“‘17'7
a
— Gy (Vu 3,62V s +H.C.,
8
£1520
— — %
ﬁuslilzNilszoDls: le{i 7NN Yo T
o
1520
VNN* Voa
+ 2 w0 IV s+ H.C, (9)
\

are meant to act only on the corresponding

X ys(y,+ d,6my 2)VE | s +Hoc.,
(10
£1650
N1/~ (1650)S — NN* 1650
EMllilzN* 11__ le[_ 7;n ,y’ual/v T_gVNN*
m
X ys(y,+ d,6my 2)VE | s+ HoC.,
(11)
£1675
‘C:‘ASKIZIIP((1675D15: [_ wNN* 9B 7
w
g1675
+ 2NN carnry 9, 0PV, | e ap -G
v
(12
N5 (1680)F f1680 1680
+ — *
15 — 7NN Py VNN*
MNN* 0
ﬂ v
X (¥, +3,6my?)9“9PVE | eyt H.C.,
(13
£1700
N3-(1700D45 — | . TN .
MZNN* :wN{l - V50“mT
g1700
VNN* 0_ a v a\JH l/fN*a+H.C.,
v
(14
f1720 91720
N3+ (1720)P | . wNN* VNN*
a2 S UL v
MNN® "om, Mye+ My °
X (7,0 = gud)V* | s o+ H.C.,  (15)

where, V,,, iy, and iy« are the pion isovector, isoscalar
vector mesonV=uw,¢, nucleon, and Rarita-Schwinger
nucleon-resonance field operators, respectively, and the sub-
script M stands for “meson;”r denotes the Pauli matrix.
Note that these interaction Lagrangians do not contain partial
derivatives of the fieldsy... and their adjointsys.... The
notation of the masses is self-explanatory. We use the con-
vention of Bjorken and Drel[28] in the definitions ofy
matrices and the spin matrix,, . The expressions Eq&l)—
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(15) are based ofil6].> As in [16] we include here all ****
resonances up to 1720 MeV according[®&] and the ***
resonanceéN;,-(1700)D 5 as well. The contribution of the
*** resonanceNq,+(1710)P,5 will be discussed below.

All coupling constants int channel processes with off-
shell mesons are dressed by monopole form fadt@®$ F;
=(AZ—=m?)/(A?—K?), wherek; is the four-momentum of
the exchanged meson. Following the scheme of the meson
photoproduction ih30] we assume that théNN andV NN*
vertices ins andu channel processes must also be dressed by
form factors for off-shell baryons

Ag
2)2'

Fa(rd)=——2
o w2

(16)

where Mg is the baryon mass and® stands for the four-
momentum squared of the virtual barydds-N,N* in Fig.
1(b). Equation(16) represents the simplest form, being sym-
metric in thes andu channels(For a recent discussion of the
structure of form factors cf31].) Both form factors are posi-
tive and decrease with increasing off-shellness.

B. Invariant amplitudes

The total invariant amplitude is the sum of the meson-
exchange, nucleon, and nucleon-resonance channels,
Ty=TM+ TN TN (17)
where A=0,=1 is the polarization projection of the pro-
duced vector meson. The amplitude for the meson exchange-
channel in Fig. (a) reads

T =K™Me* 7 u(p") TP (ki) u(p)Idek,e 5"

(18
where
T (k) = Yot 5o 2M =gkl (19
gNNgVWANNm Avw 2
Kﬂ—N(k(p)):_ P P P P P (20)

2
kiy—mp Apnn— Koy Alpn— Ky

with k,)=p’—p as the virtualp meson’s four-momentum,

sg is the vector meson’s polarization four-vectby,denotes

the isospin factor being2 (1) for a =~ (7% meson in the
entrance channel, the nucleon spin indices are not displayed,
a, B, v, 6, u, v, T are Lorentz indices throughout the paper
(not to be confused with the notations of the meson species
T, p, o, ¢), andu(p) denotes bispinorgot to be confused
with the Mandelstam variable).

Al

'our notation differs from that if16] by the substitutions?
—id and igyyn— —09ynn keeping the relative phases between
f -y @andf _yn+ andgyny andgyyn the same as ifl6]. We also
expressCynn+ iN @ manifestly gauge-invariant form.
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The invariant amplitudes for the nucleon and nucleon-
resonance channels in Figlbl have the following form:

f,
T =gy u(p ) A#(NYU(PIES M, (2

. TN
= TR AN (PN 4, (22)

m

Jvnnx

where the operatorst,(N) and A,(N*) follow from the
effective Lagrangians of Eq$7)—(15) as

( Q)A(pL,Myx) yskF(S)
s—mg

skA(pmMN*)FV( q)Fn(u)

u—mg

A (N940)

(23

Y,LA(PL M) ¥sKF s+ (S)
S— MN*+|FN*MN*

YsKA(Pr,Myx) v, F s (U)
u— MN*+IFN*MN*

A#( N 1440) —

. (29

0,9 9“A 4 g(PL M) YsKPF s (S)
M2(s— M2 +iT M)

75kaAa/3(pRvMN*)O-,uquqBFN*(u)
m\Z/(U—M,i*-i-IFN*MN*)

(25

7’57M A(pL Myx)KF s ()
S— MN*+IFN*MN*

A,u( N1535) —

kA(pR:MN*)')’S'yﬂFN*(U)
u— MN*+|FN*MN*

. (26

’)/5’)///, (pLaMN*)kFN*(S)
S— MN*+IFN*MN*

A,u,( N 165(5

KA(IO M) ¥5y,Fx(U)
B R:sMN*)Y5Y PN , 27
u— MN*+IFN*MN*

€7,,a7q k7K’

m,m

YA ap,ys(PLMyx ) Frx(S)

N1675 = _
2 )
S_MN*+IFN*MN*

A ys,a(PrR:Myx) ¥'Fyx (U)
U_Mﬁl*‘FiFN*MN*

, (28)
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_g°9Pk7k®

A (NlGS%__I yﬂAaB,yﬁ(pLyMN*)'}%FN*(S)
“ =

2 .
S_MN*+IFN*MN*

m,m?

n 75Ay5,aﬁ(pRvMN*)FN*(u)), 29

2 .
U_MN*+IFN*MN*

0,9 9N o 5(PL,Myx) YskPFx (S)
MZ(S— M +iT M)

A,u( Nl?OO) —

B YskaAaﬁ(pRaMN*)G'WqVqBFN*(U)
MZ(U—MZ, +iT M)

(30

AL (NVT2O) = | 75(qa7u_gzmAa,3(pLaMN*)kBFN*(S)
" (M + M) (5= M7 +iT s My )

K (P M) 75(0°7, ~ Q) Five (1)
(M + M) (U—MZs +iT s M e )
(31)

with p_=p+k, pr=p—a, andl"x as in Eq.(19 but with
KVNN-

The resonance propagators in E¢3)—(31) are defined
by the conventional methd®2] assuming the validity of the

spectral decomposition

d®p

————[a, Uy (p)e P
(2m)3V2E,

‘/’N*(X):f

+by v« (p)e Y] (32
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1 Po —
NepyaPM) =5 2 || 14 E|Ui5(PEo) 91U (P, Eo)
1- Doy Eo)®Vf E
- _E_Ovaﬁ(_pi 0)® y&(_pi 0) ’

(39

whereE,= \p?+M? and the Rarita-Schwinger spinors read

1 (3
u;<p>=2<1x§s§r>sz<p>u5<p>, (36)
A\,S
1 (3 3 5
Up(p)= Ings|5t) (5t |5
o 3, (348 B3
X eh(p)el (P)US(p). (37)

The spinorsv and V are related tou and U/ as v(p)
=iy,u*(p) and V(p)=ivy.U*(p), respectively. Note that
our choice of the spin-projection operatdt$p,M) for spin-
3 and spin3 off-shell baryons is different from the com-
monly used on-shell operatpt3,33, but coincides with the
latter one ap?=M?2. We discuss this difference in Appendix
A.

The polarization four-vector of a spin-1 particle with spin

projection\, four-momentunp=(E,p), and massny reads

_[€p p(e*-p)

e'(p) my 'ek+mv(E+mv) '

(39

where the three-dimensional polarization veatas defined
as

+ l H
€1=F (1500, €=(00D.

72

In our calculations we use energy-dependent total reso-

(39

The finite decay width y« is introduced into the propagator Nance decay widthb .. However, taking into account that

denominators by substitutiniyl \« — My« —1/21" . There-
fore, the operatord (p,M) are defined as

1 —
ApM)=5 3 [ |1+ 22| (pEo)o U (p.Eo)
Po —
—[1—E—}v'(—p,Eo)e@vr(—p,Eo) =p+M,
0
(33
_1 Pol, 7
Aap(PM)=5 2 | | 1+ £ U0(P.Eo) ©Uy(P.Eo)

_|:1_E_Z:|V;(_D,EO)®V£(_D,EO)),

(34

the effect of a finite width is quite different fos and u
channels, because of the evident relatir+ M§*>|s

—Mﬁ,*l, we useFN*=Fﬁl* for the u channels. For the
channels the energy-dependent widths are calculated accord-
ing to Ref.[34]; the relevant equations are listed in Appendix

B

C. Fixing parameters

The coupling constang,,, is determined by thed
—pm decay. The valud",_,.=0.69 MeV [2] results in
|04pl=1.1 GeV ™. The ratioR,;s=0u,»/94,-=12.9 is
evaluated in a simultaneous analysis of the> 7y and ¢
—ary decays and by applying the vector dominance model
[9]. This value is consistent with the standard OZI rule vio-
lation and results in|g,,,,|=[12.9,,./=14.19 GeV ™.
Note that the analysis of thep— ppw(¢) reaction within a
two-component mode{without baryon resonances [24]
favors a sizable deviation &, from the OZI ratio. Some
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other(differeny estimates og,,,,, which lead to a violation TABLE |. Parameters for the resonance masses, coupling con-

of the OZI rule, are also discussed][. stants, total decay widths, and branching ratios N6r— N7 de-
The sign ofg,,,, is yet unknown, however, the study of ~ cays. The numbers in parentheses are from the quark b6l

photoproduction 35] points to a positive value, which we The resonance masses and decay widths are in units of MeV.

use in our subsequent calculations as a preferred choice, i.€ o -

Jup-=14.9 GeV'. The SU3) symmetry considerations in Baryon  Mpys Fanns gonne Dye By

[24,36 prediclt an opposite sign fqg_¢pﬂ; thus g4, NyyeN 940 1.0 10.35

=—1.1 GeV E To explor_e the senS|t|V|ty_of the results to Nyp Py, 1440 0.3900.26 6.34 350  0.65

the above choice of the signs of the couplings, we shall latel(la/z—Dls 1520 —1.56 (~1.71) 8.88 120 055

on also discuss the case of opposite signs, namgly <0 Ny, S 1535 0.36(0.49 ~512 150 050
1/2- 11 . . . .
andg,,>0. Ny, S, 1650 0.31(0.29 256 150 0.71

The remaining parameters of the meson-exchange ampINS/TD15 1675 0.10(0.09 10.87 150 0.45
tude for the process in Fig.(d are taken from the Bonn N F 1680 —042 (—012) —1407 130 065
model as listed in Table B.(Model Il) of Ref.[29]: g,nn 528715 42 (-0.12) ' :

o Nayp-Dis 1700 0.36(0.22 2.81 100 0.10

=3.72, k,yn=6.1, and A \yn=1.3. The parameteA!
will be de[{g’r\lmine d later PNN P VPT  NgwiPy; 1720 —0.25 (-1.05) —3.17 150 0.15

The nucleon and nucleon-resonance amplitudes in Fig.
1(b) and Egs.(23)~(31) are determined by the couplings |4tis in Table I represent the average§ah Slightly differ-
fanns Fannes ngNbngN*i ggnns Ggnnes Gunnkvnns e ent yalues have been extracted 88] in a recent reanalysis
resonance width§"., the branching ratio8y., and the  of the data.
cutoffs Ag. For the coupling constarit, we use the stan- The couplingspNN, ¢NN* determined by S(B) sym-
dard valuef ,\y=1.0[16,29. For the wuNN coupling, we  metry considerations are
use the valug,,n=10.35 determined recent\87] by fit-
ting nucleon-nucleon scattering data. This value as well as  Jgnn= —tanAOyg,nn,  Genne = — tanA Oyg ,nnx,
k,nn=0 is close to that which has been found in a study of (43
7N scattering and the reactiopN— 7N [35].

The values of coupling constanfs+ are determined

where A6y, is the above quoted deviation from the ideal

by a comparison of calculated* — N decay widths with w-¢ mixing.  Similarly, ~we  assume ggnnKonn

: : : =—tanA 6yg,nnKonn= 0, Or k yny=0, Which is consistent
([alx6p]er|mental value2]. The corresponding equations read with the estimate if39]. Thus, we use for definiteness the

relative phase of coupling constants to be real according to

our experience of calculating meson photoproduction and the
> . (40 symmetry of the quark modelln some sense our amplitudes
4mm?, M can be considered as the Born terms for further multichannel
analyses, such as [85,40,41, where some effective imagi-
nary part of the form factors can be generated dynamically.

2 _
oz 3K (B F M) (Mys = M)

N* =Nz

_ £ ek’ (Epr=My)

Nags  _ (41)  Such a cumbersome analysis is beyond the scope of the
N* =N 47-rm,2T M n* present work; therefore, there is a phase uncertainty in the
analysis, which, however, is not expected to affect the results
2 |5 (E., TMy) noticeably) .
Ngjr  _ _mNN* pr ~VIN _ (42) The yet undetermined parameters are the cutoff param-
N*=N7  10mm2 My etersA, _and A’ _ for the virtual p meson in theVpm

vertex, the cutoffA, and the eight cutoffd \+ in Eq. (16).
The values off .\ calculated from these expressions areWe can reduce the number of parameters by making the
listed in Table I. The corresponding signs are taken in accorratural assumptions
dance with the quark model prediction of RéL6]. The

numbers in parentheses in Table | are the values from the Al()ﬁpW:AZ)pﬂ'EA()/’ (44)
quark mode[16]. One can see that most of them are close to .

the values extracted from the data. The strongest deviations AB:ANi*v i=18. (45
appear for Ng;+(1680)F 5 and Ng,+(1720)P,3, which,

however, deliver only subleading contributions. Our best fit of the total cross sections of the existing data is

The coupling constantgy,yn+ cannot be found by obtained by A{=1.24 GeV, Ay=0.66 GeV, and Ag

this method because the corresponding decays are below0.85 GeV.

threshold. Therefore, they are determined oy, nn* It should be noted that our consideration does not include
=(gunnt /9unn) onn: Where the ratio @, nn+ /9onn) 1S explicitly the final state interactiofFSI). A corresponding
determined by the quark model calculation of Ha6]. We  analysis of FSI in the reactiopp— wp has been performed
show them in Table | too, where, for convenience, we alsmn the basis of distorted-wave Born approximation in Ref.
present decay widths, and branching ratios used in our caJ42]. A FSI correcting absorption factor is found as a flat
culations. Note that the masses, decay widths and branchirfgnction of the energy in a wide energy region from the

065202-6



PRODUCTION OFw AND ¢ MESONS IN ... PHYSICAL REVIEW C 65 065202

eipne where \s'=E+ JE?~MZ+m2, T, is the w decay width,
______ and  Ni(S)[A(S)]=A(s,m2,MZ)[N(s,m3, M2)]  with
A N(X,Y,2)=(x—y—2)?>—4yz The intervalg Py, Pmin] for
: givenp’ (or s) are as in44].

b From Fig. 2(top panel it is evident that the total ampli-
] tude ofw production is a result of strong interferences of all
2 , channels: the meson exchanddot-dashed curye the

10 100 nucleon termlong dashed curyeand the resonance contri-
bution (dashed curveplay a comparative role. For thé
production (cf. Fig. 2, bottom pangl only meson and
nucleon terms are important. The resonance contribution is
rather small and is, therefore, not displayed here. Moreover,
the relative contribution of the nucleon termdnproduction
is much smaller than fow production. That is because the
initial energy+/s=My+my+As'?is greater for thep pro-
duction at the same energy excess and, as a consequence, we
. have two suppression factor@) the nucleon/resonance de-
e 100 nominators andii) the form factord= y+ in Egs.(23)—(31).
[MeV] The interference of the meson-exchange and nucleon terms is
almost destructive, while the contribution of the resonant
part is more complicated because the amplitude is complex

G [mb]
80
-
N

10
(b) As

FIG. 2. Total cross sections for the reactiondl—Nw (top
pane) and = p—n¢ (bottom panel as a function of the energy \un gifferent phases for different resonances.

excessAs'”. The meaning of the curves is meson exchange, dot- The sensitivity of our calculations to the choice of cutoff
dashed; direct and crossed nucleon terms, long-dasiedeso- parameters for the example of the reactionp— wn is ex

, dashed; full litude, solid. Data f A4 o . . . 2
nances, dashed; full amplitude, solid. Data fr48,44 hibited in Fig. 3 for the total cross section and individual

) channels. In the top panel we exhibit the dependencafpn

threshold up to few GeV. Therefore, since we focus on they fixed Az=0.85 GeV andAy=0.66 GeV, the depen-
very narrow region of 10-100 MeV excess energy, We Cajence oM g at fixedA{,=1.24 GeV and\y=0.66 GeV is
assume the FSI absorption factor as a constant that is ipqwn in the middle panel, and the dependence\gnat
cluded phenomenologically in the cutoff parameters. ThehxedA{J/:L24 GeV and\ ,=0.85 GeV is displayed in the

same assumption holds for the initial state interaction. Th%ottom anel. One can see a noticeable dependendefon
sensitivity of the cross section on the cutoffs will be dis- P ' P
and a weaker dependence Ag,Ay.

cussed below. In order to illustrate the structure of the resonant part, we
show in Fig. 4 the contribution of each resonance separately
as a function of thes production angle at two excess ener-
giesAs'?=20(100 MeV in the top(bottom panel. One can

The results of our full calculation of the total cross sec-See that just near the threshold the resonancesJwith are
tions as a function of the energy exceas?=.s—M,  important. Together with the nucleon term, they are
—my, including all amplitudes depicted in Fig. 1, are repre-Nu2+(1440)P1;, N1o-(1535)Sy;, andNy,-(1650)Sy;. Itis
sented by the solid curves in Fig. 2. We also show separateipteresting that the separate contributions of the two latter
the contributions of meson exchange, nucleon, and nucleofnes are greater than the nucleon term. But their phases are

resonance channels. The data for the reactiop— ¢n are ~ OPPosite and, therefore, they cancel each other. The cancel-

—wp and 7 p—wn are from Refs[43,44, respectively. Of the resonance contribution. On the other hand one can see
Note that here we display the total cross sectigq of the that the relative role of the higher spin resonances with
reactionm p— wn, which differs from the differential cross Orbital/radial excitations, being proportional 4§ and g*,

sectionog; in Ref. [44] by a factor[9,45] included in the increases with increasing values 882 as illustrated in
phase space of the unstalkemeson Fig. 5. This enhancement, however, is smaller than the effect

of the strong destructive interference of the resonance ampli-
tudes and, therefore, the total contribution of the resonance

Ill. RESULTS

; channel decreases with energy as shown in Fig. 2.
Cro= Udif[ VPact My Ai(S)Ni(s) In our analyses we do not _include t.he *** resonance
P2 M2 Ni(S)Ni(S") N4 (1710)P44[2], as in[16]. A simple estimate shows that
. its contribution is rather small. Indeed, the calculation in
2\s'T ,m,dE [15], within the vector dominance model, shows that the
x w[(mf,—s’+2\/?E—Mﬁ,)2+Fimf,]] ' oNN* coupling for Ny, (1710)P,; is about four times

smaller than for theN,,,, (1440)P, resonance. Observing
(46)  further that the corresponding pion decay width of
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—
o_l

° - ; T T 3 —— N,,%(940)
4 oTPne — A ] Ntiaso)
° 3 0 o 1 " Nao(1520)
) o 107 F 1 ——- N,-(1535)
o 2 é ] == N, (1850)
Q - 4 +—+N_,(1675)
B 107 bt s stpwittd o—oN  (1080)
B 5&’%@ - yﬁﬁ%S x—x N',,~(1700)
(a) O 3 wsu%&aﬁﬁ 1 a—aN,,(1720)
-5 F ]
10~ b A——
-1 0 1
= (@) coso
% 10" S

(b)
<=
g 107° Lo —
o -1 0 1
1 - (b) coso
0.6 T(;’ 14 FIG. 4. Individual contributions of nucleon resonances listed in
) A /1'\ Table | to the angular differential cross section«fproduction at
© N'“*No As'?=20 MeV (top panel and 100 MeV(bottom panel

FIG. 3. Sensitivity of the total cross section for the reaction
7 p—nw on the cutoff parameterd?, Ag, and Ay at As*?
=20 MeV. Af{;=124 GeV, Apy=0.85 GeV, and Ayg
=0.66 GeV, respectively. Notation as in Fig. 2.

dashed straight lines in Fig. 8 correspond to the standard OZI
rule violation valueR(}= cotA 6, = 15.43. The long-dashed

curve corresponds to the ratio of pure nucleon channels taken
separately, the dot-dashed curve is the result for a pure
meson-exchange, while the solid line represents the full cal-
culation. Note that the ratio even for pure meson-exchange
amplitudesRY) , is smaller tharR0/; . This is because at the

threshold,

N4>+ (1710)P4;, 5-15 MeV, is much smaller than that of
Ny/2: (1440)P44, 210—250 MeV, we can expect a negligible
contribution ofN4/,, (1710)P,;, being about one order of
magnitude smaller than that of;,, (1440)P;.

Figures 6 and 7 exhibit the angular distributions of the
and ¢ production cross sections As?=20 and 100 MeV, 107 ¢ ————————T
respectively. One can see that the destructive interference i
between meson-exchange and nucleon channels, which is
stronger for backward production, results in a nonmonotonic  —
angular distribution. The effect is stronger ats*? 'g

©

=100 MeV.

Figure 8(top panel shows the ratio of the averaged am-
plitudes|Ty| of » and ¢ production as a function of the
vector meson’s production angle &Y2=20 MeV. |T,| is
defined by

1/2

ITvl= , (47)

E N |T\r{‘|f ,)\;mi|2

m; ,mg

FIG. 5. Individual contributions of nucleon resonances listed in
wherem;, m¢, and\ are the spin projections of the target, Table | to the total cross section af production as a function of
recoil protons, and vector meson, respectively. The shortAs'2
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- Tp—>nw

[72]

~—
-g _____
- 10‘1 /’_________________.:
G

9

107 =S
-1.0 -05 00 05 1.0
coso
10" :

tren) T p->pd

0 st
S

32

=107 | ]
C} ‘‘‘‘‘‘‘

O [T ]
5

1 -3

-1.0 -05 0.0 0.5 1.0
cos6

FIG. 6. Angular differential cross sections for the reactions
7 p—ne (top panel and = p—n¢ (bottom panél at As*?
=20 MeV. Notation as in Fig. 2.

f(m,)

RM ~ gwpw m, f(mw) .
f(my)’

wlé™ gd)pw miqS f(m¢) e

(48)

where f(m) is a smooth function om. The ratio for pure
resonance terms is greater thafj’, by an order of magni-
tude and more, i.eR(’j',7¢~500(250) atd=m(0), because of
a strong propagator and form factor suppressiongfqoro-
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20

T /T,
(8, ]

0

20

coso

- ===

5 L Il Il
-1.0-05 00 05 1.0

(b) coso
20 pu
=]
A
|:e 15 F —
v
A& 10
=3
=
A\ 5 L
20 60 100
© As " [MeV]

duction. In the absence of the resonant amplitude, the de- FIG. 8. Ratio of the amplitudes ab and ¢ production. Top

structive interference of meson-exchan@é) and nucleon
(N) channels results iR}),,"<R},,. The presence of the
resonance components leadsRf) ;<R <RG/;

Figure 8 (bottom panel shows the ratio of the angular

integrated amplitudes

g np ->n®
Qo
o 10
(S _
G 3 pd
g. Bt e eeae .
© 4 e
© . ~e

10~ . L

-1.0-05 00 05 1.0

@ coso
— 101 np —>nd ]
2
0
=
Q10" e ]
Q \\\\\‘\\
S 1 -t
k= T

107

-1.0 -05 00 05 1.0
coso

b)

FIG. 7. As in Fig. 6 but ans*?=100 MeV.

panel: the ratio as a function of césat As?=20 MeV, bottom
panel: the ratio averaged over production angle as a function of
As'2 Notation as in Fig. 2.

(Tvla=

1 1/2
E Vv 2
m; Mg A 47Tf dQ|Tmf *)‘;mi| } (49

of w and ¢ production as a function aks'?. One can see

thatR,,, (solid curve may be slightly above or below the
pure R, value (dot-dashed curye however, remaining
much smaller tharR)7;, namely,R,,4=7.5-10, in agree-
ment with the analysis if9].

Figure 9 shows the results of our full calculation of the
spin density matrix elementy, at As¥?=20 and 100 MeV
in the top and bottom panels, respectively. Near the thresh-
old, the meson-exchange amplitude behaves as

TM~k.[kx e, (50)

That means that onljx= =1 contributes and, thereforpgg
is suppressed. The pure nucleochannel amplitude behaves
as

TN~ (f|lo- e i), (51
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0.4 . 2.0
—n:p—>n¢—>nK:K:o
—1|:_p—>n¢ 1-5 b Ep->n0—>nx
—-— Tp—>ne v
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00.2 R P 1 +® 1.0 :/,— N
s [ =
05 1
0.0 0.0 . . )
-1.0 -05 00 05 1.0 -1.0 -05 00 05 1.0
(@ cosé (a) cos0,
2.0
0.4 — xp—>u$p—>nK'K
—— Ep—>ne->nrTn
1.5
— Tp->nd I
0.2 ——- np->ne /I_ -;—: 1.0
e 2
//’_\\\\ // 0.5
/ \\\\ 7
0'0 L 1 1
00 o T05 00 05 10 -1.0 -05 00 05 1.0
b " cos8 ‘ (b) c0s0,

FIG. 9. Spin density matrix elemept, for w and¢ production FIG. 10. Meson angular distributions in the reactionsp
as a function of co§ at As¥?=20 MeV (top panel and 100 Mev ~ —Né—nK'K™ and7 p—no—nz"m 7" atAs™*=20 MeV.
(bottom panel Top panel: the distribution at forward vector-meson production

angles, bottom panel: the distribution averaged over all production

] ) ) ) ) ] ) angles.
which results in an isotropic spin density, i.190=p11

=p_4_1=1/3. The resonance amplitudes have additiona
terms proportional td- €**, which also enhancgy,. This
effect is seen clearly in the top panel of Fig. 9 for which our
qualitative analysis is valid. Fog production, where the
main contribution comes from the meson-exchange chann 0 Co .

the p” production is a competing channel to theproduc-

(cf. Figs. 2 and B pqq is relatively small,pgp<0.05. But for . .
w production, where the contribution of the resonance chantion Where the role of the resonances is expected to be even

nel is essential, we fin@oy~0.3, which is close to an iso- more important because of the larger number of intermediate
tropic spin density distribution witlpgo=p11=p_1_1=1/3.

Figure 10 exhibits the angular distribution of hadronic 15
decays¢p—K K™ and o— 7 7 7% in 7 p—nV reac-

Idielectron invariant mass distribution sitting on the back-

ground of the widep® meson contribution. Otherwise one

should consider the-p° interference as calculated for un-
olarized observables {i17]. However, having in mind that

— mp->no->ne'e
—= ap->no->nee

tions at As'?=20 MeV. The top panel corresponds to a N 4
calculation of the vector-meson production in the forward 2 ol
direction, 0.9<cos#<1, where the cross section achieves a ‘”; B T S

maximum, while the bottom panel shows its average value in
the full angular interval-1<cosf<1. One can see a strik-
ing difference between theé and o cases: an anisotropic
distribution for ¢ production (V= 3sir’®) and, within 10%
accuracy, a nearly isotropic distribution fes production
(W~1), respectively, which reflect the difference in the cor- 1.5 - -
responding production mechanisms. I SO

A similar difference is predicted for the angular distribu-
tion of electrons inm~p—nV—ne*e~ reactions shown in o e -
Figs. 11 and 12 ans'?=20 and 100 MeV, respectively. >
Again one can see that ats'?=20 MeV (Fig. 11) the ¢
andw cases are very different: an anisotropic distribution for
¢ production[ W=2(1+co$0)] and an isotropic distribu-
tion for o production (V~1), respectively. This pro-
nounced difference disappears\a'/>=100 MeV (Fig. 12.

It should be emphasized that our prediction for the sepa- FIG. 11. Electron angular distributions in the reactien p
rate decayw—e" e~ may be tested experimentally, SUPpPOS- —nV—ne*e™ at As2=20 MeV. Top panel: the distribution at
ing that the corresponding detector acceptance is sufficientliprward vector-meson production angles; bottom panel: the distri-
large for distinguishing the sharg resonance peak in the bution averaged over the all production angles.

0.5 - .
-10 -05 00 05 1.0
(a) cosO,

0.5 1 1 L
210 -05 00 05 10
(b) cosO,
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= 107 ;
05 DU 107 :
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—— ap->no->ne'e
210 ] el
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112
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FIG. 12. The same as in Fig. 11 butzs™*=100 MeV. FIG. 13. Total cross sections for the reactiomsl— N (top

pane) and 7~ p—ng¢ (bottom panel as a function of the energy
N* states, we expect that our prediction of an almost isotroexcessAs2 assuming a constructive interference between meson-
pic e*e™ distribution at invariant masl z+ .- =m,, remains exchange and baryonic channels with the parameter set described in
w . . .
valid, in general, reflecting the role of the baryon resonancef® text. Notation as in Fig. 2.
in the production mechanism.

Let us now explore the importance of the signsggf;,
andg,r, . All above calculations have been performed for |, symmary we have performed a combined analysis of
positive (negative values ofg,,r, (9¢r,), Which lead to a  anqd 4 production inmN reactions near the threshold at the
destructive interference between meson-exchange and barysme energy excess. We find that the meson-exchange am-

onic channels. The opposite signsgf,, cause a construc- pjityde alone cannot describe the existing data, even in the
tive interference and change our predictions. First of all, it is

impossible to describe the data with otherwise the same set o5
of parameters. In order to achieve a reproduction of the data
we have to decrease not only the cutoff§, Ag, but also
|9, and the resonance couplinggyy«. The result of a
corresponding calculation is shown in Fig. 13, where we use

IV. SUMMARY

n
o
T
L

-
[3)]
T
1

<T > /<IT,l>q
=

the lowest value follg,,,,| discussed in Ref[9], |g,,| |

=83 GeV'l, and A{=1.2 GeV, Ag=0.6 GeV and the SpTTTTTTTTTTT

couplingsg,,nn+ are scaled by a factor of 0.44. Since this 0 )

new parametrization describes the total cross sections 20 X 80
(@) As " [MeV]

equally well as the previous set, we get a similar prediction
for the ratio of the averaged amplitudeswfand ¢ produc-

2.0

tion as shown in Fig. 14, top pangf. Fig. 8, bottom pané! — - aKK

—— rp—>10 >R

So, one cannot distinguish between two parameter sets when
considering only unpolarized data. But in the present case of
a negative(positive value of g,,,, (94,), the meson-
exchange channels dominate for both reactions and, as a con-
sequence, the prediction of the distributionspfiecay prod-

=

;1.07

ucts will be different from the previous case. In Fig. 14 0.0 . . ‘

(bottom panelwe show the angular distribution of hadronic -1.0 -05 00 05 1.0
decays¢p—K K~ and w— a7~ #° in # p—nV reac- ®) cos®

. 1/2__ . . . .

tions atAs”“=20 MeV. Instead of a nearly isotropic distri- £ 14. Top panel: Ratio of the amplitudesfand ¢ produc-

bution for the w decay shown in Fig. 10, now we get an jon averaged over production angle as in top panel of Fig. 8. No-
anisotropic distribution. Therefore, this reaction togethefation as in Fig. 2. Bottom panel: Meson angular distributions in the
with polarization measurements in the photoproduction reactionsm p—n¢—nK*K~ and 7 p—nw—nz"7"x° as in
reaction can shed light on the phaseggf,, and the role of  Fig. 10 but for a constructive interference between meson-exchange
baryon resonance dynamics. and baryonic channels.
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comparatively narrow energy interval, where our effective 1072
model is applicable. Rather, the role of the direct nucleon
term and the nucleon-resonance amplitudes is essential. The
inclusion of resonance channels gives a natural explanation
of the observable ratio of the to ¢ production, based on

the standard OZI rule conserving partial amplitudes.

The nucleon resonance contributions are very important
for the w production, and therefore we investigate their role 10° , , ,
in detail. ThewNN* couplings as well as the phases of the -1.0 -05 0.0 05 1.0
7NN* couplings are taken from the recent wddé]. It is cos6
found that the resonance contributions can influence signifi- o
cantly the total and the differential cross sections at small FIG- 15. Thes channel contribution foiNs,-(1700)D;5 and
energy excess as well as the ratio of the averaged amplitud®z+(1720)P15 taken separately for the reaction p—nw atAs
of » and ¢ production. For this ratio we get the value 8.7 =20 MeV. Dashed and solid lines correspond to E43) and(A2)
+1.5, which is much smaller than the value based on th@nd(34), respectively.
standard OZI rule violation. The dominant contributions are )
found to stem from the nucleon resonanbdas._ (1535)S,;, baryon;, dlﬁers ffom the commgnly used on-shell qperators.
Ny, (1650),;, and Ny, (1440)P,;. However, the other TO clarify this point let us consider the case of spirpar-
resonances become also important with increasing energicles. The explicit form of the on-shell operatar, z(p,M)
excess. may be obtained47] by the boosting of the spinors in the

We have shown that the resonance contributions can esum
sentially be tested, on a qualitative level, by measuring the
angular distribution of decay particles in the reactiarid — —

CNG—NK'K-,  aN—No—N3m, and aNoNV  ANas(PM)=2 Uy(p)@Uyp)
—Ne"e™. Near the threshold, for thé production we pre-

P 1720]

&

pry
o

D1700) _

do/dQ [mb/sr]
SL

dict an anisotropic distribution, while for the production 1 YaPp— VgPa  2P.Pg

an isotropic distribution is obtained when assumug,, =- gaﬁ—gnvﬁ— 3M - 3M2
>0. However, in case of an opposite sign we find a stronger

meson-exchange channel with an anisotrapidistribution. X(p+M). (A1)
Experimentally, these predictions can be tested with the pion

beam at the HADES spectrometer at GSI/Darmstdé. Inspection of Eq(34) shows that, ap?=M?, the contribu-

It should be stressed that the present investigation is contions from the second line vanish and consequently

pletely based on the conventional meson-nucleon dynamic;s}aﬁ(p,M):Aaﬁ(p,M). As a result, for example, the calcu-

and, therefore, our predictions may be considered as a nefgtion of the decay widths in Eq$40)—(42) gives the same
essary background for forthcoming studies of the hiddenggyt by using either EqA1) or Eq. (34).

strangeness degrees of freedom in nonstrange hadrons. Fi-por n2+ M2, generally speaking, EAL) is not valid

nally, it should be emphasized that our study here is a firsyen for thes channel withp?=0. In this case EqAL) leads
step from the point of view of a dynamical treatment of the : e o e

. . ) . to the nonphysical transition fat=8=0 with Ago(p,M)
problem, thus going beyori@]. The main uncertain part is ~s—M?2. To avoid this problem one can use the off-shell

the poor knowledge of the strong cutoff factors for the virtual - . -
nucleon and nucleon resonances which are important for th%enerahzatlon of Eq(AL) with the substitutiorj 18]

present consideration. Also, the effects of the final state in- M \/F (A2)
teraction must be investigated in greater detail, which may '

be pursued by extending the approach of Rgif2,35,38,42 Now, Agg(p:M)=0, but A, 4#A,z. The main difference

ACKNOWLEDGMENTS between| A ,5(p, ) 1ij and[ A 5(p,M)];; (for the s chan-

] ] ] ] nel only) arises in this off-shell case because of transitions
We gratefully acknowledge fruitful discussions with H. \yith j(j)=3,4. These transitions are absent in

W. Barz, R. Dressler, S. B. Gerasimov, L. P. Kaptari, and J. +— N
: ' ' ' i [Aaﬁ(p,\/g)]ij but exist in[A,z(p,M)];; because of the
Ritman. One of the author@.I.T.) thanks the warm hospi terms in the second line in E¢34). The difference is pro-

tality of the nuclear theory group in the Research Center . - . L
Rossendorf. This work was supported by BMBF Grant No Portional t‘.)\/g M and vanishes &l — s. This s illus-
06DR921, the Heisenberg-Landau program, HADES-JIN rated in Fig. 15, where we show tlsehannel contributions
participation Project No. 03-1-1020-95/2002, and the Rus-°" Na/>-(1700)D 13 and Nyjp+(1720)P 15 resonances as

sian Foundation for Basic Research under Grant No. 96-15- 20 MeV as a function of the» production angle. For

96426. N3+ (1720)P 5 the qlifference_ is not seen at all. For
N5~ (1700)D 45 this difference is less than 50%; EG\1)
APPENDIX A: SPIN-PROJECTION OPERATOR results in a symmetric angular distribution, while Eg4)

) . o leads to slightly asymmetrical one. The same tendency is
As mentioned above, our choice of the projection operafound for theNg, (1520)D,5 resonance. It would be inter-
tors Agq(p,M), where g=a (q=ap) for spin4 (-3) esting to study experimentally this effect. But, unfortunately,
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in the case ofv production, the dominant contribution comes whereg; is the relative momentum of the two particlés,
from spin4 resonances with a well defined spin-projectiondenotes their relative orbital momentum, aBd stands for
operator. In the energy distribution, which is integrated ovelhe decay probability48] :

the w production angle, the difference between the two

methods becomes very modest. Bo=1,

For theu channel amplitudes witp?<0, the ansatz of
Eq. (A2) is not appropriate and one cannot use EAf). Bi=x/V1+x*,
Since the crossing symmetry requires the inclusion ofuthe 5 —
channel together with the channel, one has to employ a Bo=x/V9+3x"+x7,

universal spin-projection operator, such A&s (p+M) for
spin+ baryons. Note that in our case the dominant contribu-
tions come mainly from the channel amplitudes and the B,=x%\/11025+ 1575+ 135+ 10+ x?  (B3)
present discussion has a rather methodological character. But

nevertheless, taking into account ttigt Egs. (34) and (35) with x=q;R, R=0.25 fm. The energy-dependent partial
give a universal preSCfiption for hlghel’ SpinS and coincide ONyidths have the proper ana|ytic threshold behanjzlj+1
the mass shell with the well-known spinprojector, andii) atq;—0 and become constant at high energy.

B3=x%/1/225+ 45x%+ 6x*+ x°,

give the correct off-shell behavior for spinbaryons, we For the quasi-two-body decay, where one of the outgoing
choose them in our calculations. particles with masdVl, is unstable and decays further into
two stable particles with masses,, ms (e.g., wA, Np,
APPENDIX B: ENERGY-DEPENDENT DECAY WIDTH NO'E), the phase Space factor reads
Following [34] the total resonance decay width is ex- W-m, ai(M,)
pressed as a sum of weighted partial widths p,-(W)IJ (M)~ By (gj(My))dM,.
my+mg w J
B4)
pi(W) (
F(W):z T : ' (B1) The spectral densityr(M,) is chosen in the conventional
J pj(l\/lN*) ; p y X
orm
Here,I'; is the partial width for the resonance decay into the -
jth channel, evaluated a/=+'s=My«. The form of the 1 2lo
! Js=My o(My)= (B5)

“phase space” factop;(W) depends on the decay channel.

For a decay of the resonance into two stable partiG@es.,

7N, 7N, KA), it is parametrized by where the parameteld, andl’ are given in Table | of34].
The partial decay widths in EB1) and the relative orbital

pi(W)= %Blj(%), (B2) gz?entumj in Eq. (B2) are chosen according to Table Il of

7T (Mx_m0)2+ %F%’
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