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Abstract. A study of the strangeness production reacjipr-pK ™ A for excess energies ef< 150 MeV, accessible

at high-luminosity accelerator facilities like COSY, isepented. Methods to analyze the Dalitz plot distributiod an
angular spectra in the Jackson and helicity frames are Waskeand suitable observables for extracting information
on low lying resonances that couple to tRel system and for determining thép effective-range parameters from the
final state interaction are identified and discussed. Furthee, the chances for identifying the reaction mechanism o
strangeness production are investigated.

PACS. 13.75.Ev Hyperon-nucleon interactions — 13.75.Gx Piarydrainteractions — 13.75.Jz Kaon-baryon inter-
actions — 14.20.Gk Baryon resonances with S=0 — 25.40.NyorRexe reactions

1 Introduction the inclusivepp— AX reaction can be considered as evidence
for aT-meson exchange dominance [11-14].

At high energies where the Regge phenomenology is ap-
Strangeness production reactions like—~pK T A are interest- plicable the energy dependence of the reaction cross Bectio
ing for various reasons. First of all such reactions reqthiee should indicate the reaction mechanism. But one has to keep
creation of a new quark flavour which can occur out of thie mind that at those energies the energy dependence of the
vacuum but also from the quark-antiquark sea in the protod§:meson andr-meson exchange is almost identical. Indeed,
Thus, a thorough and dedicated study of the strangeness jmoRegge theory the energy dependence of the reaction am-
duction mechanism in those reactions has the potential-to plitude is governed by the exchange trajectofy) via s,
timately deepen our understanding of the internal strgctifir wheres is the square of the invariant collision energy and
the baryons. Furthermore, there are indications that abeer is the squared four-momentum transferred from the initigl n
cited states of the nucleon decay into th& channel. How- cleon to the final nucleon or hyperon, for the exchange of a
ever, reliable and quantitative information is rather spatn- non-strange as well as of a strange meson. The overall data
vestigations ofpp—pK A might allow to significantly im- analysis indicates that the pion exchange trajectory amsoun
prove the available data base. This concerns specificadly th o, (t)=0.85(t—m?2), while the kaon exchange is given by
S11(1650) and Py; (1710) resonances. Finally, the presence af x (t)=0.7(t—m?%). Within the Regge theory the difference
protons as well ad hyperons in the final state opens the posdbetween ther and K trajectories is only due to the mass of
bility to study the interaction between those baryons, Wiigc the exchange particles and not by the trajectory intercept a
still poorly known but whose knowledge is essential for gues=0. On the other hand, one can certainly say that the data ex-
tions related to the validity of th8U (3) flavour symmetry. clude a dominance of themeson exchange, whose trajectory

Concerning the mechanism of strangeness production!$8/Ven by, (t)=0.5+0.9t. The K* andK™** exchanges have
nucleon-nucleon ¥ N) collisions one has to concede that iglso large intercepts, 0.5 and 0.35, respectively, andilkee |
not yet understood - although there is a significant expertete Wise not supported by the available data for fhe-pK*A
data base and despite of numerous dedicated theoretieatinyeaction cross section.
tigations. Until recently only data at fairly high energigsre Over the last few years the COSY facility has provided a
available. The analysis [1-6] of those data indicated tlifat dlarge amount of accurate experimental data on strangen@ss p
ferent production mechanisms are compatible with the expduction in NN collisions at low energies [15-23]. Theoretical
imental evidence. The data on the—pK ™A reaction cross model studies [24—30] that dealt with those data suggeksed t
section and also the momentum spectra of the fiaaheson the excitation of resonances in ti&1 channel could play an
and A-hyperon can be well reproduced either Bymeson or important if not dominant role for the reactigp—pK ™A in
m-meson exchange models. Only the large amourtbfperon the near-treshold regime. If this is indeed the case onedas t
recoil polarization data [7—10] collected at high enerdiesn be cautious in extrapolating from the mechanisms that domi-
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nate at high energiese. exchanges by different meson trajec-

tories, to what happens at low energies. Specifically, incan P ’ ‘: ’ P P ’ .: ’ A
be excluded that, say, vector mesons likeglmuple strongly ; ;

to the resonances in question, namely fg(1650) and the L0 Pk
P;1(1710), and therefore play a decisive role in the strangenes ; ;

production near threshold. Also, the investigations sdhée : :

made clear that the interaction between the particles itithe p —»—@—H AN p —»—@)—H p
nal state plays a role and influences significantly the energy A A
dependence of the production cross section in the thresbold e,
gion. Among the three possible channdls{, K N, AN) it is a) “K b)
presumably only the final state interaction (FSI) in ¥ sys-

tem which is important [31-36]. The corresponding scattgri p—>—@—>—p ao—>—0—>—1
lengths are not well determined from the felwW (and >’ N) : :

scattering data that exist, but are expected to be in the ofde

1to 2 fm [37-40]. {75 L P X

In this paper we present a study of the strangeness produc- |, > e A b—>
tion reactionpp—pK T A in the energy range accessible at the R \‘ R “.‘
COSY accelerator facility, i.e. for excess energies up to
150 MeV. However, it is not the aim of our work to suggest c) “K* d) ~3

yet another model for that reaction. Rather we want to em- . o .
bark on a more general analysis of this reaction. In view 59 1- (&) pion and (b) kaon exchange contributions to the reaction
the complexity of the situation where neither the productig?—P% " 4, included in our investigationd denotes the full K N

mechanism nor the final-state interaction are reliably kmow" mN — K™ A) transition amplitudes. (c) Representation of the res-
c%nance model for the reactigp—pK T A. (d) General diagram for

we restrict ourselves to the case of unpolarlzed EXPErBNENL 1 - nnel contributions to the reactiort- b—1 + 2 4 3 with inter-
Also, we consider only two reaction mechanisms, namely P'®bdiate resonances coupled to the{23} subsystem and exchange
exchange and meson exchange. However, we want to emy_ i ja..
phasize that these mechanisms are understood as being repre
sentatives of a whole class of reaction scenarios rathargha
the concrete processes. Accordinglyexchange represents a  Our paper is organized as follows: In Sect. 2 we introduce
scenario where there is strangeness exchange in the prodligse experimental observables which can be used as a tool fo
tion mechanism and where the elementary reaction amplitideestigating the properties of th& final state interaction and
(KN — K N)is governed by-channel exchange diagrams, sof resonances in th& A channel but also for a possible iden-
that its energy dependence is rather smooth. In partidukare tification of the reaction dynamics. Sect. 3 provides theale
are no resonances involved. Pion exchange, on the other hatwlicture of the reaction amplitude and describes the @kpli
stands for a scenario where no strangeness exchange atcuagplication to ther and K-meson exchange mechanisms. The
the production mechanism. At the same time the elementary feN — K N andr N — K A transition amplitudes and a descrip-
action amplitudefN — K A) is dominated by resonance extion of the treatment of thelp final state interaction are given
citations (611 (1650), P11(1710), Py3(1720), ...) which implies in Sects. 4, 5 and 6, respectively. The tgial>p K * A reaction
a strong and characteristic energy dependence. In outtigaes cross section is analyzed in Sect. 7, while Sects. 8 and $focu
tion we will look at the consequences of these two classes-of on the Dalitz plot and on angular correlations. The papesend
action scenarios for the reactipp—pK + A and analyse their with a summary of our results and some concluding remarks.
signature in observables like the total cross section, landis-
tributions and the Dalitz plot. Thereby we will address tok f
lowing questions: (a) Is it possible to discriminate betwdd- 2 Kinematic constraints and relevant
ferent production mechanisms? (b) What can be learned abghiservables
the FSI? Is it possible to extract the effective-range param
ters for theAp interaction? (c) Can one determine the paranha this Sect. we provide a detailed discussion of those @bser
eters of theS;1(1650) and theP;;(1710) resonance from theables that are directly related to the issues we want to addre
strangeness production reaction? (FSI effects, Resonance parameters, production mechpanism
Some of these observables like Dalitz plot distributionger
There are, of course, additional important and more covariant mass spectra are well known and widely used in the
crete questions. For example, is the strangeness-exchaue analysis of experiments. Other observables discussedvbelo
anism dominated by th& N — KN reaction or rather by can be determined only through the full exclusive recomstru
K*N — KN? Likewise, are the resonances predominantlipn of the reaction events, which can be done only at a some
excited by pion exchange or jsexchange important as well?specific experimental facilities like COSY. Since the folisra
Those questions will not and cannot be addressed in theniresan be applied to any three-body final state reaction we sscu
investigation. For that a throrough investigation of thingte- it in a more general form. Generally speaking the formalism
pendence of the various observables is required which is lsan be applied to the analysis of any meson productigvii
yond the scope of the present paper. collisions {r, n, w, ...), independently of the collision energy.
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For the consideration of different kinematical variablés i the subprocess+b—1+{23} and the subsequef23}—2+3
convenient to express the invariant amplitude for the feact decay, as depicted in Fig. 1d). In that case the 3-body phase
a+b—1+2+3, as depicted in Fig. 1d), in terms of one initiakpace can be expressed in terms of th@-Dody phase space

and four final independent invariants, namely by convolution as
= (P + B)? dds = dPs(s, m7, s2) dPa(s2, m3, m3) dsa, (4)
= (P + P)* . .
9 where the 2-body phase spadg, might be taken in different
= (P2 + Fs) representations. In particular, it is convenient to use
= (Pa P1)2
_ 2 2 S
e (Pb P3) R (1) d@Q(S my, 82) 2)\1/2(5 m%’ 82) dtl, or
where theP; denote the four momentum of the corresponding ib o o AV2(sy,m3,m2) 0 .
particlei. The fifth independent final variable is the azimuthal 2(s2,m5,m3) = 859 3 (%)

rotation anglep around the beam axis. We also use the excess
energye = /s—m?—m3—m3. The differential reaction cross Both forms ford®, are equivalent because of the relation be-
section can then be written as a function of the four invasiartween the four momentum transfer and the scattering angle fo
at fixeds, the 2-body scattering process. Hevg is the solid scattering
angle of particle 3 in th¢23} rest frame. In principle, in the
do _ M(sys1,82, 1, 1)) @) {23} rest frame the orientation of the momentum vegtgcan
dsidsadtidty 21974\ (s, m2, m2)y/—Ay’ be expressed by the vectoy, as well as byp, . The first selec-
tion corresponds to the Jackson frame while the selegiing
where the ¢ dependence is already integrated out. Hep®rresponds to the helicity frame.
Nz, y, 2)=(r—y—2)?—4yz is the Kallen function and\, is Eqg. (5) indicates the physical meaning of the solid angle
the Gramm determinant of a4 symmetric matrix whose ele- (23 for the diagrams depicted in Fig. 1 and naturally defines
ments are a combination ef s1, s2, t1, t2 and of the masses ofthe axisp;, along which the angular distribution of particie
the initial and final particles [41]. The physical regionlétin- should be measured in the rest frafi28}. This solid angle is
variants is determined by the conditigty <0. The integration defined ag?2s;. Indeed, considering the subprocess—2+3
of Eq. (2) overt; andt, results in the famous Dalitz plot [42] it is clear that any resonance structure appearing in{#3g
subsystem will be directly reflected in the angular disttitou

do | M(s,s1,50)] 3) in the Jackson frame. With respectfy, the differential cross
dsidsy — 28m3sA1/2(s,m2,m2) section is given by
If the reaction amplitude is constant, i.{=const., then the do AY2(sy,m3,m3)

|M(S, S92, tl, ng)|2(6)

distribution of the Dalitz plot is isotropic. Therefore,yares- dsodtidQz, 21974\ (s,m2,m2)s2
onance or FSI can be detected through a Dalitz plot analysis.
However, possible structures in the subsystem formed by p@he polar angle of23;, is called Jackson angle, [43,44],
ticles 1 and 2 (we use the shorthand notaff@} etc. in the while the azimuthal angles, was originally defined by Treiman
following), say, can interfere with those appearing in {88} and Yang [45]. The relation between the Jackson angle and the
subsystem because the differential cross section is aifurmt  invariants is given by
both invariants;; ands,, and this dependence does not factor-
ize. Such interferences might produce so-called kinenmatic
flections in the Dalitz plot projectionse. in the invariant mass
spectra. In case of the reactipp—pK ™ A the Dalitz distribu-
tion is a useful tool to study resonances in i A system and which follows from the definition ot in Eq. (1) when con-
also theAp (final state) interaction. sidering the reactiom+b—2+3. If the z+b—2+3 amplitude
Obviously the Dalitz plot presents already partially intedoes not depend of?s;,, the angular distributiodo /df2s;, in
grated data, while the full information about the reactign dthe Jackson frame is isotropic. The angular distributidieces
namics for an unpolarized 3-body final state is given exihici the (25, dependence of the elementarytb—2+-3 reaction am-
by Eg. (2). Different specific and more practical variablesev plitude. It is important that due to the symmetry of the raact
proposed by Gottfried and Jackson considering#88 —2+3  with respect to the beam and target nucleon the Jackson an-
decay and possible resonances coupled to{#fig subsys- gle is likewise given along the beam axi® particleb can be
tem [43,44]. Furthermore, for a more general case it is inteeplaced by in the previous formulation. Moreover, consider-
esting to investigate the relation between the productieohw ing the production of th€23} subsystem in a specific spin state
anism and the angular correlations in the decay of the ulestabne can parameterize the decay angular distributiofi(2s;,
intermediate particle. In that case it is more useful to @ers in terms of the spin density matrix [44—46].
the decay{23}—2+3 and to measure the angular distribution The helicity frame defines the solid angf&;; with 63,
of particle3 in the rest frame 0{23}. being called the helicity polar angle, whibg;; is the corre-
In order to understand the meaning of the angular correlponding azimuthal polar angle. The helicity frame can be na
tions one best considers the reactioph—1+2+3 in terms of urally explained by considering the Dalitz plot represéota

232(t2—m§—m§)+(52+m§—t1)(@—i—m%—m%)
A/2(sq, m%, t1) A1/2(s9,m%,m3)

{7)

cos O3p,=
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The solid angle?;; appears through an extension of the invarsquared invariant energies of tiéA or K N subsystems, re-

ant massz = (Py+P3)? in the frame specified by, +P; =  spectively, whilemy, mx andm, are the masses of the nu-
(Po+Py)—P3=( /52,0),i.e.in the{23} rest frame. The helic- cleon, the kaon and thd-hyperon. Since the data determine
ity polar angle is then given by only the on-shell values oflx v . x v and A, n_ k4 the off-

shellness of the amplitude in Eq. (10) has to be taken into ac-

2s2(m3+m3—s1)+(s—s2—m7)(s2+ma—ms) g) count. The minimal modification of the on-shell amplitude to
A/2(s, 59, m3)AY/2 (59, m32, m3) (8) account for this is to include a form factor.
In any case, the+b—2+3 invariant scattering amplitude

and is contained in the Dalitz plot. For fixed the allowed can be expressed in terms of partial waves via [47]
range ofs; is given by Eq. (8) withcosf3;==+1. Actually
Eq. (8) defines the contour of the Dalitz plot in theversus A —3 + (o-az)(oq;)
s, plane. Any anisotropy in the helicity polar-angle distribu w28 =8mV/S2 X | it arq
tion is not necessarily a signature for the appearance tiehig
partial waves in the final system. Rather it reflects strigstim wheref; andf, are defined by
the invariant mass spectra of th&2} and {23} subsystems.

cos 31 =

f2| xi, (12)

i

Indeed, for any fixed value of; it is possible to project the > _ ,
Dalitz plot into thes; distribution, which can be converted into fi= Z[Tltl(S?) = T)71 (52)] P (cos )
afs; distribution by Eq. (8). The same can be done also for the =1
so projection. N N ,
The Chew-Low plot is obtained by integration of Eq. (6) f2a= Z[Tl (52) = T;" (s2)] 5/ (cos b) . (13)

with respect to the solid angles, and yields =1

12 5 o Here [ is the orbital angular momentum of the final state,
do _ X/%(sz,m3,m3) IM(s, 59,412 (9) Fi(cos0)isthe derivative of the Legendre polynomR(cos ),

dsadty 2873 (s,m2,m?)ss R andd is the scattering angle in the+b—2+3 center-of-mass

_ ) (cm) system. Note thaf," and7; are the partial wave (PW)
assuming that the matrix element does not depen@gn(or  amplitudes corresponding to the total angular momenium
{231). The Chew-Low presentation is the most convenientway 1 /2. In Eq. (12)y; and xs are the two dimensional Pauli
for the evaluation of the reaction cross section. It allowad- spinors of initial and final fermions and are the Pauli spin
count for thet, dependence of the reaction amplitude via th@atrices. Furthermorey; andqs are the cm momenta of the
operator structure of the vertex, the propagator and th@ fofitial and final states whose moduli are given by
factors, as well as of the mass structure in only one of thé fina

two-body subsystems. 5 A(sa,m2,mi) 5 A(sa,m3,m3)
4= » 4= (14)
452 452
3 The reaction amplitude for on-shell scattering. The+b—2+3 differential cross sec-
tion in terms of the invariant amplitude is
We consider the targatas a spirl /2 particle and the exchange
; : . do L g 2
of a spin-less bosom with massu. At this stage we do not 0 " 60t o [Azp—23]”, (15)
account for the FSI. The most general form of the production T8 i

amplitude is then given by

M= fT F(ty) a(p1)Ou(pa)

while in terms of the amplitudeB = f; + facosf andG =
—fosin@ itis given b
Azbi,Qg (SQ, t2) (10) f2 S g Y
2 ’
ho 901 (|FPHGP) (16)
wheref,1. is the coupling constant of thed « vertex andF'(¢; ) e
is the form factor at this vertex. The operatris y; or 1 de- F andG are the non-flip and spin-flip amplitudes, respectively,

pending on the parity of the exchanged boson.7Ray, 77/, etc. and their partial wave representations read
exchanges it igy5, while for o, ag, fo exchanges it is just.

The quantityA,,_.»3 is the invariant amplitude for the process © N 3
z+b—2+3. It is related to the physical scattering amplitude F= [(1+ )T, +IT;"] Pi(cos )
and can be parametrized through =0
Nsiea,m2, m3)] " do G=2_sin [T} =T;"] P{(cos ). (17)

| AN al? = 6472554 =1

A8k A, m%,m?%) s’
) ) do For the computation of the- and K -meson exchange mech-
MrN—kN|" = 64m"sKN =5, (11) anisms we need the elementdty p— K +p androp—K+ A
amplitudes and also the parameters of the correspondimg pio
by utilizing existing differential cross section data foettwo and kaon emission vertices ¥ N and AN K coupling con-
amplitudes in question. In this equatiep 4 andsk y are the stants and cut-off mass of the pertinent vertex form fagtofs
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diagrams a) and b) in Fig. 1. The element&yw — K N and

mN—K A amplitudes are specified in the next sections. With’_a
regard to the couplingg we use the standard relation to the c
(pseudoscalar) coupling constants N

b

s2=1503 MeV

— mﬂ- — 7mK
faNN=gzNN omn JANK=9ANK WW , (18)
and we take the valug, y y=13.45. TheAN K coupling con-
stant is fixed by applying standafi/(3) symmetry relations,

1+2
JANK = —ngNWaa (19) 6
1/2_

wherex is theF' to D ratio,a=F/(F+D). Adopting the quark 'g [ S2 = 1534 Mev
model estimate ofi=2/5 together withy,. y ; specified above Z - 3L
we obtaing 4y x=—13.98. We furnish the NNV andAN K ver- b 4 r [
tices with monopole form factors I 9 _

F(tl) - A% _tl 9 (20) | 1 :_

utilizing different cut-off masses for the and K-meson ex-

changes. These cut-off masses are considered as free parame O_7 205005 1 °—1 =05 0 05 1

|||| 0 I B B

o

ters and are adjusted to the data. For COSY energies, the exac
form of this form factor is not important. cos ¥ cos ¥
In phenomological approaches the relative phase betwe®q 2. Differential cross sections of the reactiéfi" p— K " p in the
the amplitudes is not fixed so that the total reaction amgditucenter of mass system at different invariant collision giger The
is given by solid lines show the results from the Julich model [51]. Ta¢a are
from Ref. [68].

M= Mg + Mz e, (21)

where) can, in principle, depend on the energy. The impof‘tom the Coulomb interaction. Apart of this peaking the angu

tance of the relative phase or, more generally speakingothe lar spectra are isotropic indicating a dominance of ¢iveave

of interference effects between theand K-meson exchange amplitude in thel * p— K *p reaction.

remains so far unclear. In the+ K calculations of Refs. [6,  Note that the’k’ N amplitude of the Jilich model was exten-

48] it was found thatik-meson exchange dominates the reagively used recently for imposing limits of th¢" pentaquark

tion pp—pK*+ A and the interference was neglected. Later otidth from data on the reactioR *d— K pp [52,53] and for

the role of interference effects was exploited in Ref. [49] ian analysis of the DIANA results [54] where ti#&" was ob-

a study of thepp—pK A to pp—pK+X° cross section ra- servated ink t-meson collisions withX e nuclei [55].

tio. But also in this work it was concluded that the reaction For the evaluation of th& -exchange contribution to the re-

pp—pK T A itself is insensitive to the interference, because &ctionpp—pK* A one needs th& N amplitude for the energy

is dominated by-meson exchange. Here we study thend rangemg+my<\/s2 < \/2mny(2my+T) — ma, WhereT

K-meson exchanges separatély, we do not add the ampli- is the proton beam energy. The energy at COSY is limited to

tudes as indicated by Eq. (21) and therefore the uncertaintyl’<2.88 GeV which means thafs;<1.9 GeV. Thus, the en-

the relative phaseg is not relevant for the present investigatiorergy range for which th& N model of the Julich group was de-
signed is sufficient to analyze data in the COSY regime. How-
ever, in order to connect with data fpp—pK ™A at higher

4 The KN—K N amplitude energies, specifically with total cross sections, one néeds
know the K'N scattering amplitude a{/s;>1.8 GeV. Here

We use the< N amplitude of the Julich meson-exchange mod)?f adopt a phenomenological approach and parameterize the

A detailed description of the model is given in Refs. [50,51
The model yields a satisfactory description of the avadad-
perimental data on elastic and charge exchakigé scatter-
ing including angular spectra and polarization obsensabfe ]
to a KN invariant mass of,/sz~2 GeV. For the analysis of 5 The 7N — K A amplitude

the pp—pK T A reaction only theK Tp— K p scattering am-

plitude is necessary. Fig. 2 shows the differential crosi@® The Julichm N model [60] currently does not include the cou-
for elastic K Tp scattering at different invariant energies. Thpling to the K A channel, therefore we use the PW analysis of
strong forward peaking of the data and in the calculatione®mSotona and Zofka [61]. Their amplitudes contasrchannel)

N scattering amplitude by experimental data [56-59] utiliz-
ng Eq. (11).



]

A. Sibirtsev et al.: The reactiopp—pK™A.

where the squares are data from Knaaedl. [68], while the

o (mb)

b
sy? (GeV)

Fig. 3. Total 7~ p— K°A reaction cross section as a function of the

line is the result based on the PW amplitudes of Ref. [61] evtlie
dashed line shows the contribution from tRé-meson exchange.
/N
—

n

\ r
resonances as well ashannel{*-meson exchange and other 40

background contributions. The PW amplitudes are given in Re 3,
[61] up to \/s; = 2.3 GeV. For the analysis of data in the
COSY regime we need theN— K A amplitude up to,/s3 < 5
2.05 GeV. At higher energies the availablyy — K A data (dif-
ferential cross sections antthyperon recoil polarization) can ©
be reproduced by<*-meson exchange alone taking into ac-

count absorptive corrections [62—65]. Thus, we extend the a 0 |

plitude of Sotona and Zofka appropriately so that we canystud
the pp — pK ™' A reaction cross section over a larger energy—
range and consider data collected at COSY as well as thogg 150
available at higher energies. The non-flip and spin-flip &mpl™.

tudes for thei(*-meson exchange is taken from Ref. [66] with-g

parameters listed in Ref. [61]. In order to reproduce thélava~~ 100}

able data for,/s2 > 2.3 GeV we readjust the coupling con- ¢
stants for thei*-meson exchange t@=—24.0 andj;=—83.3 ©
as compared to those from Ref. [61]. ™~

Fig. 3 shows the totat—p— K°A reaction cross section as ©
a function of the invariant collision energy [67]. The sdiite

is the result with the PW amplitudes of Ref. [61]. Obviously, ol

the data below 2.3 GeV are fairly well described. The dashed
line indicates the contribution from th&*-meson exchange,

20

o 20f

Pi

23(FG*)
PR +IGR

circles are from the experiment of Balatral. [69]. Evidently,

the polarization is already nonzero@>=1633 MeV, the low-

est energy where data are available, which corresponds to an
excess energy of onk=19.67 MeV. The recoil polarization is
defined as

(22)

where the spin-nonflipK) and spin-flip () amplitudes are
given in Eq. (17) in terms of the PW amplitudes. Theave
alone results in zero recoil polarization, while fixvave alone
results in a strong angular dependence of the polarizdtiote

that above,/s;~1.8 GeV the A-hyperon recoil polarization
starts to show a stronger angle dependence and a change of
sign appears at a certains 6. Let us mention also tha? does

not vanish even at energies as high 45=3.2 GeV (which is

the maximal energy where polarization data are available).

The solid lines in Figs. 4 and 5 are the results based on
the full PW amplitude of Ref. [61], while the dashed lines in-
dicate results obtained with inclusion of the resonancdg on
It is clear that the non-resonant background plays a sigmific
role already at energies close to the reaction thresholdsand
essential for a quantitative reproduction of the differanib-
servables.
One can see from Fig. 4 that there is partly an inconsistency
invariant collision energy. The data are taken from Ref] [Biie solid Petween the two data sets and it is obvious that the PW analyis

s/?=1633 Me

100
80
606
a0
2of

ot

s/?=1661 MeV

|
1-05 0 05 1

L s/?=1694 MeV‘

150F
100}

50}

(L r
-1 -05 0 05
cos ¥

which dominates the reaction above invariant energies@iibriq 4, pifferential cross sections for the reaction p—K° A in the

2 GeV.

center of mass system at different invariant collision gies. The

A typical feature of ther NV — K A reaction is the strong an- solid lines are results based on the full PW amplitudes of [df|.
gular asymmetry and the largé-hyperon polarization which The dashed lines are obtained when only the resonant cotibris
occurs already at energies close to the reaction thres@iold. are taken into account. The squares are data from Ref. [68] the
responding experimental results are shown in Figs. 4 andigles are from Ref. [69].
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outgoing particles and it was proposed [70] to factorizerdie
[ 5/7=1633 MeV [ si=1661 MeV action amplitude

—_

M — M X Apsr, (23)

where Arg; denotes the amplitude due to the interaction be-
tween the final particlesd zs;y is in principle a 3-body ampli-
tude. However, it is generally assumed that theinteraction
dominates over the other possible final-state interactioms
therefore one replacedrg; by A4,. The validity of this as-
sumption is to some extent questionable. It is based priynari
on the observation that the absolute value of thescatter-
ing length is substantially larger than those forp and K+ A
scattering, although one has to admit that the latter isadlgtu
not known. In any case, very close to the reaction thresingd t
relative momenta between all final particles are small ared on
should account for the interference between the FSl in the va
ous two-body systems. In that kinematics the interfereaoa t
between the large and small scattering lengths might be not
negligible. For instance in the analysis [71, 72] of the-pnn
reaction very close to the reaction threshold,at e<20 MeV

it was found that théV NV andn NV final state interactions inter-
fere. But in the present investigation we concentrate oesxc
energies in the order of 100 MeV and, therefore, the simplifi-
cation in the FSI treatment should be justified.

According to the above arguments the near threshold mass
Fig. 5. A polarizations for the reaction” p—K°A in the center of dependence of thdp spectrum for thepp—pK T A reaction
mass system at different invariant collision energies. &description might be dominated by the energy dependence oftihecat-
asin Fig. 4 tering amplitude. Since the range of tHe invariant mass is
fromm+my to e+ma+mpy FSI effects should be visible in

. differential observables at any collision energy. On theeot
cannot reproduce simultaneously both sets of data. We 8hoylh g 'in case of the total reaction cross section FSI effects

say that there are also polarization data by Knasel et @88 g4 he dominantly seen at energies close to the reaction
the energy,/s,=1633 MeV. However, the error bars of thesgy eshold. At higher energies the FSI affects only a small pa
data are so large that they are not.use_ful for our analysi. ASt the available phase space [73, 143, only the region where
consequence, they are not shown in Fig. S. the relative momenta of thdp system are sufficiently small

The structure of the elementanyV— K A amplitude sug- anq therefore, have a comparably low weight in the integra-
gests that a measurement of the invariint mass spectra andjoy over the whole phase space.

the angl_JIar correlations_ ac_cording to Egs. (7), and (8) migh 5 very simple treatment of FSI effects was proposed by
a”OXV toisolate the contribution of the-exchange to thep —  \yatson [75] and Migdal [76]. Close to the reaction threshold
pK™ A reaction. However, it is possible that due to the shofe jnyariant scattering amplitude is dominated by ¢heave

ranged nature of the strangeness production reaction highgy can be expressed in terms of the effective range expansio
partial waves in the virtuat N— K A amplitude are suppresed,q

so that thes wave dominates thep—pK + A observables at

COSY energies. In that case the angular correlation of Bq. (7 rq? -1

from = and &K -meson exchanges would be similar and the rele- ~ Aap(q) = No(ma+mn) {—5 t - iQ] . (24)
vant spectrum should be isotropic. But it should be stillqilole

to detect any-wave resonance in th& A system through an ynereq andr are the scattering length and the effective range,

analysis of the Dalitz plot distribution and the angulare@®- yespectively, and is the relative momentum between the
tion of Eq. (8). We will come back to this issue below. hyperon and final proton,

A Polarization
(@)
(@] (8]

|
o
o

A Polarization

- Al/Q(sAp,mfl,mf,)

6 The Ap final state interaction q N (25)

Production reactions lik&" N — K+ AN require a large mo- N, is a normalization constant, which can not be fixed within
mentum transfer between the initial and final baryons. Thuke Watson-Migdal approximation.

the range of the production mechanism will be much smaller While the Watson-Migdal prescription is well applicable to
than the characteristic range of the interactions in thégstages. final-state interactions that are characterized by a largtes-

In such a case the energy dependence of the reaction anepliting length like in case of thé&/ N interaction, say, this is not
is driven primarily by that of the scattering amplitude o&thtrue for Ap where the expected scattering lengths are only in
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which at small; is close to Watson-Migdal parameterization of

Eq. (24) (apart from the unknown normalization const&p}.

In addition, the Jost function approach also includes theeco

behavior for large momenta, cf. Eq. (28).

N At present a solid estimation of FSI effects for the reaction

\\\\\\\ AR T~ pp—pK T Ais difficult because of two reasons: (a) The sys-

-t W N N RN tem can be in the singlet and triplet states that can haverdiit

w WD > effective-range parametedsandr. It is not known whether the

W \ O N Ap system is predominantly produced in one or the other state.
h N We should mention though that most microscopic models of the

reactionpp—pK ™ A predict a dominance of the triplet contri-

bution. (b) The effective range parameters are not well know

i.e. they are afflicted with large uncertainties. This israikzed

in Fig. 6 where the hatched box shows the rangearda, for

the triplet case, taken from some rec&nhV potential models

[38—40]. The open box in Fig. 6 indicates the variation in the

singlet effective-range parameters. It is clear that treettain-

ties of theAp interaction allow a large freedom of FSI effects

in the reactiorpp—pK ™+ A.

In order to illustrate how strongly the FSI with different
scattering parameters might influence thpe-p K+ A reaction
cross section we evaluate the so-called enhancement f&ctor
Fig. 6. The enhancement factdt (cf. Eq. (30)) as a function of the as a function of the excess energ)is defined as the integral of
Ap effective range- and scattering length. The dashed lines show |.A4,(q)|* from Eq. (26) over the nonrelativistic 3-body phase
results forR=5+50 calculated at=2 MeV. The hatched (open) box space, hormalized to the phase space vol@ge.e.
indicates the range afanda for the Ap interaction in the triplet (sin-

glet) state, taken from Refs. [38—40]. The asterisk inéis#iie param- v2pe 5 2 2
; . ; i ; 1 N R
eters used in our analysis, while the solid line shows thelyaofi R(e) = — 2ji(e—=—) ¢ dg
Dy 24 a?
o
432 — 402

a (fm)

anda resulting inR=8.7. q* +
- — 1+ , (30)
the order of one to two fermi [36]. Here one should resort at (—a + /a2 + 2p€)2
least to the so-called Jost function approach which wasdoun _
in Ref. [36] to yield resonable qualitative results. Fotjascat- wherey andj: are reduced masses given by
tering amplitude that is given by the effective range apjnax
tion, cf. Eq. (24), over the whole energy range, the FSI facto _ AmN ~:w, (31)
in the Jost function approach can be evaluated analytiaaly ma+my mg+matmn
amounts to and®; is given by the integral of Eq. (30) without the factor
g+iB |A(g)[* from Eq. (26).
Aup(q) = . (26) The dashed lines in Fig. 6 show the enhancement fdgtor

for the specific excess energy2 MeV, as a function of the
effective range and scattering length. One can see thastie v
ations of theAp triplet parameters in Refs. [38—40] exclude
a+ 3 2 any valuesR>12. On the other hand, the singlet parameters
a= afB ’ Ton_ﬂ (27)  allow for almost any magnitude of the enhancement factor. As
just mentioned above, most microscopic models of the reacti
with a<0 and >0. In our notation the scattering length pp—pK T A favour the triplet contribution. In our analysis we
is defined with a negative sign, cf. Eq. (24), which explairto not consider singlet and tripldj FSI effects separately but
the difference to the formulas given by Goldberger and Watse averaged parameters fixed to the value shown in Fig. 6 by
son [70]. Eq. (26) implies the limits the asterisk [37].

wherea andg are related to the scattering parameters via

. B .
lim Aspla)=— 0o lim Asp(g)=1, 28 7 The pp—pK T A reaction cross section

which can be used as a measure for the relative strength of fig. 7 shows thep—pK A reaction cross section as a func-
FSI with respect to the contribution from the processesauith tion of the excess energy. The squares represent data that we

FSI. Eq. (26) can be written in the form available before the COSY aera, collected in Ref. [67]. Tihe ¢
cles are from measurements at the COSY facility, perfornyed b
rp%  rg? 1 org2 17" the COSY-11[16,17,21] and TOF Collaborations [23]. Appar-

Anp(a)= [T"'T} [_E + o ! } (29 ently the COSY experiments provide a substantial conticbut
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to the data base, specifically they are the only source of-info

mation for the behaviour of the cross section near the @acti> .

threshold. Q 10%a)
For a general overview it is always useful to compare the 19 [

data to the phase space behaviderto consider the givenre-

action kinematics but set the reaction amplitudéte=const.

In case of the total reaction cross section the relevantnkate

ics is the dependence of the 3-body phase space on the excess _,

energy, which in the non-relativistic cass given by Eq. (30). 10 B
The integration can be performed analytically and yields 10-3_0 e
AV MEMNTA 62 2 e
= . (32 10
o) 272 (m g +my+my)3/2 \/§2—4sm3; MI™ (32)

0 102
This results is shown by the dotted line in Fig. 7a) for t@ 10
squared invariant amplitudé|?=2.2-107 ub, which was nor- ]
malized to the data at~130 MeV. Following the discussion 1k
given in Sect. 6 one expects that close to the threshold ttae da = -1
deviate from a calculation that neglect the FSI, and this is

il

indeed the case, cf. Fig. 7a). For example¢ap MeV the 10'2, )
phase space line underestimates the data by a factor ofdaroun  _sf o7 . ,
9. 10§ -7 with FSI
When we now introduce FSiI effects within the Jost function ""'_3 — """'_2 e
approach Eq. (26) we can easily reproduce the energy depen- 10 10 1
dence of the data by adopting the parameters € (GeV)
3=212.7MeV and a= — 72.3 MeV, (33) Fig. 7. Total cross section for the reactipp—pK * A as a function of

the excess energy. The upper figure shows results withoywFe

. for the lower figure thelp FSI was included via Eq. (26). The solid

which correspond to the low-energy parameters1.8 fmand jines are results for thé-meson exchange mechanism. The dashed

r=2.8 fm. The resulting cross section is shown by the dott@fes are obtained with-meson exchange and with the fulN — & A

line in Fig.7b). transition amplitude. The dotted lines show results withoastant
The employed low-energy parameters are indicated in Fige@ction amplitude. The squares are data taken from Réf.\igille

by an asterisk. Obviously, they are well within the preseamt uthe circles are from experiments at the COSY facility [1621723].

certainty range of the triplet parameters. But we would tike

emphasize that any (singlet- or triplet) combination oéefive-

range parameters that lies on the solid line of Fig. 6 would gi ) ) )

similar results, i.e. would reproduce the energy deperelehe the results forK-meson_exchange are practically identical to

served in the experiment. There is no unique solution. Tties, the phase-space behaviour over a large energy range.

presented specific fit does not provide any deeper understand Results for ther-exchange mechanism are shown by the
ing of the strangeness production mechanism or the hyperggshed line in Fig. 7a), for the case witholyt FSI. Again we
nucleon interaction. It only illustrates that any reactioech- normalize our results at-1 GeV by adjusting the cut-off mass
anism which implies a sufficiently weak energy dependengg 41~1.6 GeV. It is evident that the energy dependence pre-
would be compatible with the empirical information. dicted by ther-meson exchange differs from the one resulting
Let us now come to concrete reaction mechanisms. Tfigm K -meson exchange and the phase space calculations. As a
solid line in Fig. 7a) shows the result féf-meson exchange consequence, the calculation with FSI (dashed line in FY), 7

without FSI. In our calculation thex v andt; dependence of supstantially underestimates the data bele®00 MeV.
the K N— K N scattering amplitude, thg dependence of the

propagator and th& N A vertex and formfactor and the,,

dependence of the FSI (cf. below) is taken into account a :
we perform a full four-dimensional integration of Eq. (2ha €Xchange letus take a look at the elementaly— &' A ampli-

results were normalized to the datacatl GeV by adjusting [UdeAxn—r4. The square of this amplitude can be obtained
the cut-off mass of the form factor Eq. (20) #o~1.7 GeV. In from data via Eq. _(11)' It is shown in Fig. 8. Her_e the angu-
contrast to the pure phase space, Kieneson exchange well lar dependepce IS mtegr.af[ed out so that the ar_nplltude dspen
reproduces the energy dependence of the data also at high%&f. On the invariant collision energy , or the final momen-

ergies, which will be discussed later. The results obtaiigul tum gy, respeqtively. The experimental resultg .(SOIid circles)
e cross section data taken from Ref. [67], divided appropr

i i 2
shown by the solid line in Fig. 7b). It is interesting to seatth &t€!y by phase-space factors. It is evident thafy—_xal”
is strongly energy dependent. Specifically, it does notlakhi
1 Actually the nonrelativistic and the relativistic phasaspfor the the behaviour of a standardwave amplitude, which would

reactionpp—pK T A are almost identical at<2 GeV. be constant in the near-threshold region, nor that pfnave,

In order to shed light on the difference in the energy depen-
Hance of the total cross sections resulting frtRnand7-meson
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which should be proportional t¢?. Rather the data seem to

rise linearly with the momeny, c{. the dotted line in Fig. 8. _—_
According to the PW analysis of Ref. [61] the reactionQ 102

7mN— K A is dominated by thé&, (1650) andP;; (1710) reso- 3

nances for energies up {gsx 4 ~1.8 GeV, as discussed in Sect. o

5. These resonance amplitudgldy, ;. ,, are given by [61] 10

8m\/skaA VIaNIxaAMgI

¢Gqr  Mpi—sga—if MpI”’

ARy L ka=— (34)

whereMr andI” are the mass and full width of the resonance,

_ a4 100-a , 10—1_
T=1007" 100 1
o(Rai) i 4 ¢(Ray) ar
fi= s fr= ; (35)
&1(RqF) ¢ 7 gu(RqF) ¢F 02l
and the initial and final momenta are
qZZA(SKAam?ﬂm?V) qzzA(SKAvm%(7mgl) (36) 10_3' Ly | | |
! 45K A A 45K A ' ""1"0-3' ""'1"0-2' BT 1
q and q]’? are the corresponding momenta at the resonance € (Ge\/)

pole position,i.e. at \/sx 14=Mp. The interaction radius was Fig. 9. Total cross section for the reactipp—pK* A as a function
taken asR=1.696 GeV'!. The functiong; ensures the CorrectOf the excess energy. The dashed line is the result forrtheeson

e exchange mechanism with ti$g; (1650) resonance amplitude, while
threshold energy dependence and is given by [69,77,78] the dashed-dotted line was obtained with g (1710) resonance

22 alone. The solid line shows the full calculation. In all caslee Ap
po(x)=1, ¢1(r)=—, (37) FsSl is taken into account via Eq. (26) with parameters sptiiin
14z Eq. (33). For comparison the lines are normalized at the sxoess
energy. The squares are data taken from Ref. [67], while itickes
19 S;/(z (GeV) are from experiments at the COSY facility [16,17,21,23].
T T T

for s andp waves, respectively. Finally the partial decay width
was parametrized by

\/FnNFKA:B\/f}fil- (38)

In the following calculations we use tt#; and P;; resonance
parameters as fixed by the PW analysis of Ref. [61] which we
already introduced in the Sect. 5. Specifically, we use fer th
S11(1650) resonance

| A%l (GeV? fm?)
8

N
o

Mp=1678 MeV, I'=117 MeV,
B=0.2175, a="7.8855, (39)

and for theP; (1710) resonance

Mp=1730 MeV, I'=543 MeV,
B=0.1565, a=12.893. (40)

. N N N 1 N N N 1 N N N

0 200 400 60 The square of these resonance amplitudes are shown in Fig. 8
ar (MeV/c) by the dashedq;:) and dash-dotted lines™;), respectively.

Fig. 8. Ther N— K A amplitude squared as a function of the final moT he solid line is the sum of these two contributions which il-

mentumg; and the invariant collision energy 4 (axis at the top). lustrates that those two resonances together indeed repod

The dashed and dashed-dotted lines show the contribuiion fne the bulk of the experimental amplitude.

S11 and Pr; resonances, respectively, of the PW analysis presented Predictions for theop—pK ™+ A cross section utilizing the

in Ref. [61]. Their sum corresponds to the solid line. Theahbtine pion exchange mechanism with thg, or P;; resonances are

indicates they; dependence. The circles are experimental results, &hown in Fig. 9 by the solid and dashed lines, respectivéig. T

tracted from the data given in Ref. [67], cf. text. Ap FSl is included via Eq. (26) with the parameters specified
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in Eq. (33). Itis obvious that the energy dependence of the ca
culation based on th&;; resonance differs substantially fromi™ 4.8
the experiment. The curve obtained for thg resonanceisin =130 MeV
good agreement with the data fex40 MeV, but deviates at &
higher energies. <
The results discussed above make clear that, in contrastdo
the K-meson exchange scenario, the pion exchange mecha-
nism yields a much stronger energy dependence of the produc-4-6 |
tion cross section, due to the excitation of resonances.-How
ever, it would be premature to see the individual disagrexme
of the S1; as well as of theP;; case with the energy depen-
dence of the data as an evidence féfaneson exchange dom-
inance of thepp—pK ™A reaction. Indeed, by exploiting the
freedom in the interplay between tlsg; (1650) andPy; (1710) 4.4
resonancesitis still possible to reproduce the crosssedtita
over a large energy range, as is well illustrated in Refs—[24
26]. To discern between the two scenarios considered Hére (
versusr exchange) one must consider differential observables
like those introduced in Sect. 2. Corresponding resultsheil 4ok
discussed in the next two sections. S Y Y EU B
Before that we want to comment on thedependence. For 2.6 2.7 2.8 2.9 3 >
that purpose we consider the Chew-Low integration of Eq. (9) Ska (Ge\/ )
with the reaction amplitud81 . neglecting the FSl,e.thes,,  Fig. 10. The Dalitz plot distribution for the reactignp—pK * A at the
dependence. After integrating ougror cos fs;, (see Fig. 1 and excess energy=130 MeV as a function of the invariant mass squared
Eqg. (7)) thepp — pK ™ A reaction cross section duetemeson sx 4 ands,,. The shown result is for th&-meson exchange mecha-
exchange is given by nism including thedp FSI. The solid contour is the Dalitz plot bound-
ary given by the helicity angleos 63;=+1 of Eq. (8).

2 o t+ 1/2 2 2

a(e):—s 5 ggNN 5 /dSKA/dtl/\ (814, i, M) _ ) _ _

28m2(s?—=2smy)) SKA This observation suggest that a completely differentéstir

o - ment of the reactiopp—pK ™A within the four-dimensional
—t1 A%2—m2 2 9 space of Eq. (2) is not necessary, because in any case the very
(th—mZ)? { A2—t, ] Asn—ralsra)ls  (4D) smootht;-dependence does not provide access to conclusive
information about the vertex function, the propagator efek-

wheret, is the squared four-momentum transferred from thghange particles and the form factor for bombarding ensrgie
initial to the final proton and the limits of integrations are  within the COSY regime.

s_ = (mg+ma)?, sy=(mr+ma+e)?,
—m2 i
t = 2m§V—S+‘SK+mN 8 The Dalitz plot
[o_ 2 1/2 2
+ Vo Amy A (s 84, mN), (42) The Dalitz plot for the reactiopp—pK ™ A at the excess en-
2¢/s ergye=130 MeV is presented in Fig. 10. The results are based

on the K-meson exchange mechanism with inclusion of the
Ap FSI. We consider the excess enekgl30 MeV because
we found that this is more or less the optimal minimal energy
where a separation between the FSI effects andsthaeso-
(43) nance is still possible. Of course, for t&-meson exchange
mechanism only the structure coming from thge FSI is de-
so that for energies not too far from the threshold the reactitectable in the Dalitz plot distribution at low,, and there
cross section depends only very weakly#nTherefore, for is no visible structure due to th& A subsystem. Recall that
pion exchange — but in fact, also for kaon exchange +ihie- for a constant reaction amplitude{=const. the distribution
pendence of the reaction amplitudé is almost negligible for is isotropic. In case of & -meson exchange dominance the
excess energies<200 MeV. Only for energies around~1 experimental Dalitz plot should resemble the result shawn i
GeV and above the¢; dependence becomes noticable. Thdrig. 10.
the squared reaction amplitude is significantly reducedhat t The projections of the Dalitz,e. the squared invariant mass
after integration over the 3-body phase space, a perfectides spectra in thek A and Ap subsystems, are shown in Fig. 11.
tion of the reaction cross section at higher energies issaeli The solid histograms are calculations for tiemeson exchange
for  as well as forK' exchange, in contrast to the calculatiomechanism including thép FSI given by Eq. (26). The dashed
where M=const., cf. the corresponding results in Fig. 7. lines indicate the phase space distribution, which redrdts

For cut-off masses in the order d£1.6 GeV thet; depen-
dence of Eq. (41) becomes signifiant only for-—0.3 Ge\?,
which is accessible only at>200 MeV. Indeed, at threshold

ti = mN(mN — Mg — mA) ~ —0.63 G6V2,
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nucleon scattering parameters, as was done in Refs. [33,34]
Note, however, that there is still a theoretical uncertaint
volved in such an evaluation depending strongly on the ntetho
applied [36]. In any case it is clear that,Af-meson exchange
dominates thep—pK ™+ A reaction, then this could be unam-
bigously deduced from the Dalitz plot.

Now we turn to ther-meson exchange mechanism and the
excitation of baryonic resonances in thé&V — K A reaction.
The resonances can be recognized by a Breit-Wigner-typesha
in the AK invariant mass spectrum and by the angular depen-
dence of theS;;(1650) andP;1(1710) decay products, which
is determined by the resonance spin and production mecha-
nism [41]. But one needs to distinguish the resonances in the
AK subsystem from thelp FSI, because the latter mimics a
resonance-like structure in thép subsystem with a pole at
ma+my and width given roughly by thelp scattering pa-
rameters. Therefore, it is necessary to consider the cdenple
Dalitz plot distribution. However, if the baryonic resomras
and the FSI overlap we should return to the completely differ
ential treatment in the four-dimensional space given by(E)j.

i.e. consider the; as well as the, invariants.

The Dalitz plot distribution for the-meson exchange mech-

L anism, with excitation of the5;;(1650) resonance and inclu-
42'8 sion of theAp FSI, is shown in Fig. 12. The distribution sub-

Soen (GeV ) stantially differs from the result obtained for tfi&-meson ex-

Fig. 11. The sk and s, invariant mass spectra for the reactiorfhange scenario. Specifically, the influence of the resananc
pp—pK* A ate=130 MeV. The solid histograms show thémeson C€an be clearly seen. The arrow in Fig. 12 indicates the reso-
exchange calculations with inclusion of tHe FSI. The dashed lines hance positioni.e the square of the resonance mass. A suf-
indicate the phase space distribution given by Eq. (44)lenthe dot-  ficiently large excess energy like=130 MeV allows to sep-
ted line is the phase space distribution multiplied by thedfsplitude ~arate the effects due to th® ;(1650) resonance and thép
| A4p|? from Eq. (26). The dashed and dotted lines are shown in arbi-
trary normalization.

W
o
T

N
(@)
T

o
T

o

do/ds (ub GeV™?)

W
o

N
o

o

do/ds (ub GeVv™)

& 4.8
the integration of the Dalitz plot of Eq. (3) over one of the in%
variant mass squared. For thp subsystem the squared invari-©,
ant mass spectrum is given by

=130 MeV

a
<
n

d MN2(s, 574, m%) AY2 (s 0, m%, m?
o ( Ap K) (Ap A p) |./\/l|2, (44) el

dsap 2873 5 /82 — dsm% Sap

where |M|?=const.. The K A distribution can be easily ob-
tained in a similar way. The phase space distributions inFig
are arbitrarily normalized. As compared to the phase sgeee t
result for theK-meson exchange mechanism indicates an en-
hancement at lowlp masses. At the same time ttieA dis-
tribution is enhanced at large masses, which results franm th
kinematic reflection. We should emphasize, however, that th
enhancement comes practically only from theFSlI.

Let us now compare the fulk-meson exchange calcula-
tion with the simple FSI factorization approach given by the 40|
product of the phase space distribution from Eq. (44) andthe ™~ L. . . . . . o oV 00 00 0 1L
Ap FSI amplitude|.A4,|? of Eq. (26). Corresponding results 2.6 2.7 2.8 2.9 3 5
are shown by the dotted line in Fig. 11. The latter was slightl Sia (Ge\/ )
renormalized in order to make it optically distinguishafoten  Fig. 12. The Dalitz plot distribution for the reactiopp—pK* A at
the (solid) histogram. One can see that the spectrum ob- =130 MeV as a function of the invariant mass squared ands4,.
tained by factorization of the FSI and phase space pralsticalhe shown result is for the-exchange mechanism with excitation of
coincides with the full calculation. This demonstrates thha the.S::(1650) resonance and includes alsotheFSI. The solid con-
case of an almost constant reaction amplitude Apedistri- tour is the Dalitz plot boundary given by Eq. (8). The arrodicates
bution can be savely used for the evaluation of the hyperdhe square of the,(1650) resonance mass.




A. Sibirtsev et al.: The reactiopp—pK™A. 13

for the aforementioned analysis in order to be on the sawe sid
4.8t - though this again requires larger experimental stasistic
e=130 MeV The dash-dotted line in Fig. 14a) is the phase-space dis-
tribution multiplied by the square of th&;;(1650) amplitude,
cf. Eq. (34). Again this result differs significantly frometfiull
m-meson exchange calculation because of the kinematic reflec
tion of the Ap FSI. Indeed, the enhancement with respect to the
results obtained by factorization at largg 4, stems entirely
from the FSI.

4.6

9 Angular correlations
4.4}
As was discussed in Sect. 2 the angular correlations are give
by Eg. (7) in the Jackson frame and by Eq. (8) in the helicity
frame. While the former angular spectia the Jackson and
Treiman-Yang angular distributions, contain informatrete-
vant for the partial wave decomposition of the reaction ampl
tude, the helicity angle is entirely given by kinematics &iag
3 no direct connection with the partial waves amplitudes.

S (Ge\/z) Wi_th re_gard to the dependence of_the reaction a_mplitude on

KA thet; invariant we concluded already in Sect. 7 that it should be

Fig. 13. The Dalitz plot distribution for the reactiopp—pK ™ A at rather smooth foe<200 MeV forr as well as fork” exchange.
=130 MeV as a function of the invariant mass squared andsa,.

The shown result is for the-exchange mechanism with excitation of
the P11 (1710) resonance and includes also theFSI. The solid con-
tour is the Dalitz plot boundary given by Eq. (8). The arrodicates { > 80

the squared of th&;;(1710) resonance mass. '>

4.2 r

2.6 2.7 2.8 2.9

()
o 60
L . . e

FSI, which is important for the data evaluation. The sirati 3 40
is different for -meson exchange ané;(1710) excitation, ~—~
shown in Fig. 13. Here the signal of thi&; resonance over- 0 20 |
laps with theAp FSI. In principle, even in this case the Dalitz
plot might be sufficient to reconstruct the resonance counri
tion but it would be more promising to perform a combinedo
Dalitz plot andt, or Jackson-angle analysis. Of course, such
an analysis requires large experimental statistics.

VS

Since there are now structures in thiel as well asip sub- (7>
systems one might expect a substantial distortion of théAal 7,
plot projections. This issue is addressed in Fig. 14 where W@
show thesx 4 and sy, invariant mass spectra. The solid his-q
tograms are the full results for themeson exchange mecha- 3.
nism, with excitation of thes;; (1650) resonance and includ-~—" 20
ing theAp FSI, while the dashed lines indicate the phase spac‘(’%
distributions given by Eq. (44). The dotted line in Fig. 14
corresponds to the phase space distribution multipliechky to T T T S
FSI amplitude|.A4,|?, from Eq. (26). Obviously, and opposite © 4.2 4.4 4.6 42'8
to the K-meson exchange scenario discussed above, now the Spn (CeV )

factorization in terms of thelp FSI and the phase space devirjg 14, The sx, and s4, squared invariant mass spectra for the
ates significantly from the full calculatlpn. The presentefo eactionpp—pk* A at e=130 MeV. The solid histograms show the
the 511(1650) resonance changes thg invariant mass spec- r-meson exchange calculation with inclusion of thig (1650) res-
tra. This observation should be kept in mind when analyzikgance and thelp FSI. The dashed lines indicate the phase space
the invariant mass spectra given by the projection of théDaldistribution given by Eq. (44). The dotted line in a) is thexph space
plot distribution with the aim to extract thép effective-range distribution multiplied by the square6; resonant amplitude given
parameters from the FSI. A priori the full structure of thaae by Eq. (34). The dashed-dotted line in b) is the phase spatetdi-
tion amplitude and the effects due to possible kinematiecefl tion multiplied by the squared FSI amplitudid »,,|> from Eq. (26).
tions in the different final subsystems are not known. Those, oThe dashed and dotted lines are shown with arbitrary nozatési.
should rather consider slices of the Dalitz plot than pridjexs  The arrow indicate the squared mass of $e(1650) resonance.

40t
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The angular distribution in the helicity frame just give the
projection of the Dalitz plot as a function of the squared in-
sa<2.7 GeV 2.7<54<2.8 GeV variant mass of a particular subsystem while the squared in-
variant mass of the other subsystem is fixed. For the reaction
pp—pK T A one can study thelp invariant mass spectra at a
fixed or partially integrated squared invariant mass ofhé
subsystem. Sincey 4 is fixed one can transform, by Eq. (8),
the s, distribution to the helicity angle distribution. That al-
lows to present the data in a more convenient way because
-1<cos 631 <1. But one should remember that the helicity an-
gle distribution is just a slice of the Dalitz plot and it dosst
e contain more information than the Dalitz plot itself. Wealiss
the usefulness of the helicity angle spectra now.

Si>2.9 GeV Fig. 15 shows thelp helicity-angle distribution for differ-
ent intervals of the squared invariant mass of g subsys-
tem, for the reactiopp—pK ™A at e=130 MeV. Note that ac-
cording to Eq. (8) the maximalp mass corresponds to for-
ward helicity angles. The solid histograms are resultsiobth
for the m-meson exchange scenario with; (1650) excitation
and withAp FSI while the dashed histograms are results for the
K-meson exchange mechanism. It is obvious that these distri-
butions are excellent observables for the extraction ofthe
o) S R o) P E effective-range parameters, since by performing cuts on

-1 0 1T =1 0 1 one can strongly reduce the influence of that part of the Dalit

cos @H CcOS /lng plqt which is d_istorted by t.he resonance. Of course, for asep

Fig. 15. The Ap helicity angle spectra at differe_nt squared invarian(raaetloenngl;t:teeilnglﬁi}ggitggfg Tgrgg]e;?'gr(r:‘rc\)(;:jezel?jngrl::egshoul d
masses of thé{ A subsystemsx 4, for the reactiorpp—pK+ A at P P P

¢=130 MeV. The solid histograms show tlhemeson exchange cal-
culation with inclusion of theS:;(1650) resonance and thep FSI.

©
W

o
Ko
T

do/dQ (ub/sr)

do/dQ (ub/sr)

The dashed histograms are corresponding results fdftheeson ex-  —~
change mechanism. 5 1 [ 4.4<5,<4.5 GeV 4.5<s,<4.6 GeV
N L
a 0.6
Therefore, in this energy range thedependence is not a good \3;
tool to distinguish between different production mechamis 0.4t
. 0.5}
In case of the K-meson exchange mechanismthe © 7 bl e
dependence is related to t#éN scattering amplitude. Since ™~ 0.2

K*p elastic scattering is dominated by thevave one would
expect an isotropic distribution of the Jackson angle of(Ey.

However, the situation should be very different for he — 0_1 T (I) T 1 0_1 T (I) — 1
pKO%A reaction which involves thé(*n— K subprocess. 0.3

Due to the strong angular dependence of the charge exchanjje 4.6<s<4.7 GeV Sm>4.7 GeV
amplitude, which originates from the isospia-0 component, ~_0.4 -

the Jackson-angle distribution should exhibivave contribu- Q 0.2t

tions [53]. = ’

For thew-meson exchange mechanism thedistribution
contains the angular dependence of i — K A transiton o 0.2

amplitude and can be converted by Eq. (7) to the angularspee~. 0.1 \\
trum in the Jackson frame. If th§,;(1650) resonance dom- © | | T
inates the reaction the Jackson angle distribution isapitr

i.e. similar to that resulting from th& +-meson exchange sce- O_1 E— (') —— 1 O_1 E— (') — 1
nario. If the tN—KA amplitude is given entirely by the

Py1(1710) resonance, the Jackson angle distribution is again cos Yy cos Wy

isotropic, which is obvious from Eqgs. (16) and (17). FinallyFig. 16. The KA helicity angle spectra at different squared invari-
if both S1; and P1; resonances contribute to thp—pK ™A  ant masses of thdp subsystems 4,, for the reactiopp—pK™* A at
reaction then the Jackson angle distribution would shovinthe ¢=130 MeV. The solid histograms show themeson exchange cal-
terference between theandp waves given by Egs. (12) andculations with inclusion of thes1:(1650) resonance and thip FSI.
(13). A proper analysis of the angular distribution wouldrih The dashed histograms are corresponding results fd theeson ex-
allow to extract the relative contributions of these resmes. change mechanism.
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apply reliable extraction methods like the one advocat&kif ergy region won't allow to discriminate more specifically-be
[36], based on dispersion theory. tween different production mechanisms.

Fig. 16 shows thé{ A helicity-angle distribution for differ- We addressed the questions whether the considered observ-
entintervals of the squared invariant mass ofApesubsystem. ables can be used to determine theinteraction or to identify
Again the calculations were doneat130 MeV and for ther-  resonances that couple to tti&A channel. It was found that
meson exchange mechanism with thig resonance and thethe Dalitz plot and its sliced projections or the helicitygie
Ap FSI (solid histograms) and also for ti&meson exchange spectra are indeed useful for extracting specific inforamain
mechanims (dashed histograms). We explicitly cutApeFSI the Ap interaction and possible baryonic resonances inffie
region by taking the distributions only fer,,>4.4 Ge\?. Now subsystem. The Jackson-angle distribution is a crucidlttoo
the spectra show th§;,(1650) resonance structure whereastudy the onset of higher partial waves in theév— K N and
they don’t show any structure in case of tiemeson exchange.nN—K A transition amplitudes. Specifically, if the reaction
Thus, if there is any structure these spectra might be fityeal bis dominated by the5;,(1650) resonance we expect zete
resonance amplitude, i.e. a Breit-Wigner form say, in otder hyperon recoil polarization and an isotropic distributafrthe
determine the resonance mass and width. Moreover, thefittitackson angle. When bo#fy; and P;; resonances contribute
procedure can be applied at different intervals gf following  the Jackson angle distribution should show an interferaisce
Eg. (8). The procedure should provide resonance parametged as recoil polarization. Furthermore, the Dalitz plaiwid
independently of the rangey,, if the FSI region is properly explicitly indicate the resonance structure in thiel system
cut. Indeed, fitting as a test the calculat&di helicity-angle and at sufficiently large excess energy likel30 MeV the
spectrum at 4.6 4,<4.7 Ge\f we obtained the resonance pas11(1650) resonance effects can be well isolated from/pe
rameters\/z=1.672 GeV and'=116.6 MeV. These resonancd-SI.
parameters are close to those given by Eq. (39), i.e. th@xk us We proposed to study specifically tifeA helicity-angle
for the actual calculation with the-meson exchange mechaspectra atlargdp masses squaresly, >4.4 GeV?, (in order to
nism. We examined the procedure by allowing an admixtuediminate effects of thelp FSI) for a reliable determination of
of contributions from theK-meson exchange mechanism. 1(511(1650)) resonance parameters. We also pointed out that the
turned out that the extraction of the resonance parameters f Ap effective-range parameters could be most reliably ex¢rhct
the helicity-angle distributions yields quite stable fesu from the Ap helicity-angle spectra with cutsc 1 >2.9 Ge\2.

The results of our calculations are based on a Monte-Carlo
integration of the three-body phase space, including the-me
tioned elementary reaction amplitudes f&rN and 7N —

K A, that involves 18 sample events. To determine resonance
parameters from the Dalitz plot and the helicity-angle spec-
We presented a study of the strangeness production reacti@rit is necessary to accumulate a data set with largetitatis
pp—pK T A for the energy range accessible at high-luminositynly then it is possible to achieve an acceptable confidence
accelerator facilities like COSY. All relevant observablef |evel for the extracted resonance antp) effective-range pa-
the reaction for unpolarized beam and target nucleons are gameters. In this context we would like to point out that prety
cussed in terms of their dependence on the final four indepétie estimates [79] for the mass and width of fhe(1650) res-
dent invariants. The reaction amplitude is constructeddsy ¢ onance are rather uncertain; 1640 ;<1680 MeV and 145
sidering ther as well ask’-meson exchange production mechf ', <190 MeV, respectively. The quotdd ; (1710) resonance
anisms and employing elementayN — KN andtN—KA parameters are 1680M < 1740 MeV for the mass and 50
transition amplitudes taken from a microscopic mod€lN) 1';<250 MeV for width. The uncertainties of the decay rates

and a partial wave analysis V' — K'A). Effects of thedp fi-  of the resonances to tHéA mode is 3-11% and 5-25% for the
nal state interaction are included too by means of the deetals,, andP;,, respectively.

Jost-function approach.

Though our analysis utilizes ontyand K -meson exchange
we would like to emphasize that the results are, in fact, moAeknowledgements
general. All predictions given for the considered spin—in-
dependent observables for theneson exchange mechanismyVe would like to thank W. Eyrich, C. Hanhart, E. Kuhlmann,
say, would be practically the same for any other non-strange-G. Meif3ner, J. Niskanen, J. Ritman, E. Roderburg, S.&cha
meson exchangee. for theo, n, p mesons. The quantum num-mand and W. Schroeder for useful discussions. This work was
bers and the masses of the exchange particle are reflectegairtially supported by the Deutsche Forschungsgemeiftscha
the dependence on the squared four momentutransfered through funds provided to the SFB/TR 16 “Subnuclear Struc-
from the initial to the final nucleon. However, the rangetpf ture of Matter”. This research is part of the EU Integrated In
accessible in experiments with excess energies wetth0 frastructure Initiative Hadron Physics Project under cactt
MeV, say, is simply too small for generating any noticeableumber RI113-CT-2004-506078. A.S. acknowledges support by
differences in the studied observables. Thus, the two mrodthe COSY FFE grant No. 41760632 (COSY-085).
tion mechanisms examined in the present investigation ean b
considered as representatives of two general classesabirea
scenarios, namely where either a nonstrange or strangenmeReferences
is exchanged in the production process. At the same time this
means, of course, that unpolarized experiments withingthis 1. E. Ferrari, Nuovo Ciml5, 652 (1960).
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