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Abstract. We show that the recently measured asymmetry in helicigleagpectra of thel-hyperons produced in
the reactionpp— K Ap reaction and the energy dependence of the fgiak K ™ Ap cross section can be explained
consistently by the samép final-state interaction. Assuming that there is no finalesiateraction in theZ°p channel,
as suggested by the available data, we can also reprodueadigy dependence of thi/ Z° production ratio and, in
particular, the rather large ratio observed near the mmdtiresholds. The nominal ratio of tieand £° production
amplitudes squared, i.e. when disregarding the final-$tégeaction, turns out to be about 3, which is in line with
hyperon production data from proton and nuclear targetisadoba at high energies.

PACS. 13.75.Ev Hyperon-nucleon interactions — 14.20.Jn Hyperof5.40.Ve Other reactions above meson pro-
duction thresholds (energied00 MeV)

One of the surprising results observed at the COSY acceléo-could likewise be governed primarily by FSI effects irth
ator facility is the large ratio of thep— K+ Aptopp— K+t X% pp— KT Ap channel.
cross sections near the reaction threshalds [1, 2]. Thisissas The role of thedp FSI in describing thep— K Ap cross
large as 28] at very low energies and eventually appraactsection near the reaction threshold was already addre$sed a
values around 3 with increasing energy. In the last few yeaes the first experiments of the COSY-11 Collaboratibnl [12,
several theoretical studied 8. 4.5.1617, 8] appeared wdi#fez- [13] for excess energies below 7 MeV. But only further mea-
ent production scenarios were considered in order to descrsurements by the COSY-11 and COSY-TOF Collaborations at
simultaneously both thep— K+ Ap andpp— K+ X preaction higher energies explicitely indicated [1,2] 14] that thergy
cross sections and, thus, tH¢ X° ratio. These included, K dependence of thep— K+ Ap cross section deviates from the
as well as heavier meson exchanges, intermediate baryamic phase space, i.e. the expectédehavior. (The excess energy
onances coupled to th€+ A and K+ X° channels as well as ¢ is defined as = V/$s—mg—m—m,, Wheres is the squared
the Ap and X final-state interaction (FSI). But, as summainvariant collision energy, whilei i, m 4 andm,, are the masses
rized in Refs.[[4.9], none of these models is able to repreduaf the kaon, thel-hyperon and the proton, respectively.) This
the energy dependence of th¢ 2° ratio convincingly. deviation from the phase-space behaviour — in particulanan

A basic problem is that the relevance of the FSI on orf@ncement at lower collision energies — was interpretedhas a
hand side, and the interplay between the different barymsic effect due to thelp FSI in several investigations![3[4[6]1L5], 16].
onances on the other side can not be resolved from congiderin However, the near-threshold enhancement could also result
only the total reaction cross section. Therefore, in thesgmé from the contributions of resonances coupled to the meson-
paper we follow a different strategy. We look not only at thbaryon (£ ™ A) subsystem. Indeed, varying the mass and width
total cross sections but also at differential observabéesibse of such resonances one can reproduce the energy dependence
some of them do allow to distinguish between effects from tldose to the reaction threshold too. For example, assurhatg t
FSI and baryonic resonances, as we pointed out recénily [10f N *(1535) resonance couples to thel system as strongly
Moreover, for the reactiopp— K+ Ap data for the relevant ob- as ton N the authors of Ref[117] came to the conclusion that
servables are already available in the literatliré: [11]eNbait the near-threshold enhancement observed inpthe K+ Ap
our study is completely phenomenological in the sense that eross section data is caused primarily by #i&1535) contri-
do not consider any specific reaction mechanism. But we tdiation. In their calculation thdp FSI was entirely neglected!
into account the effects from thép final-state interaction. We ~ Thus, it is obvious that the low-energy enhancement of the
will argue that the differential data of Ref.[11] stronglyps pp— K ™ Ap cross section can be described by the FSI as
port the interpretation of the measured energy-dependscevell as by the contribution of resonances coupled tofthed
the totalpp— K+ Ap cross section in terms of FSI effects. Asystem with the resonance mass belaw +m 4. As already
the same time, and in view of the lack of any visible FSI efmentioned, to resolve this issue one needs to analyzeefiffer
fects in the reactiopp— K+ X% [2], we come to the conclu- tial data. For example, it is obvious that a low-mass enhance
sion that the energy-dependence of theZ° cross section ra- ment of theAp invariant mass spectrund/ »,,, would reflect
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The measured angular spectra, which are related to the so-
called helicity-angle {;;) spectra, can be expressédi[10] in
terms of the invariant masses of theé" A and Ap subsystems
by expanding thelp invariant mass. The helicity angle of the
A-hyperonis then given as

cos 0= [2MI2<A(mi—l—mi—MﬁP)—l-(s—M%A—mZ%)

X (M prma—mi )] X2 (s, Mi 4, my)
X)‘_I/Q(Mlz(/b m%la m%()a (1)

where\(z,y, 2)=(r—y—z)*—4yz. For fixed Mk 4 the angle
cos #g=1 corresponds to the minimal invariant mass of the
subsystem. Therefore, thip FSI should manifest itself as an
enhancement at forwath; angles. EqI{1) shows that applying
different cuts onMk 4 one can study the spectra at different
My, ranges and, at sufficiently largeone can isolate thdp
. . . FSI.

1 In the following study we explore the effects of the FSI.
e (Gev) It is included in our calculation within the Watson-Migdad-a
Fig. 1. Total cross sections for thep— K Ap (closed symbols) and proach [28] by factorizing the reaction amplitude in termhg.o

pp— K" 2°p (open symbols) reactions as a function of the excess gfractically constant production amplitude, and an FSI fac-
ergy e. Results from COSYLJLIZ 1L 3.114] are indicated by circleggr, j.e.

while the squares are data from RE&f1[25]. The solid linesoarere-
sults for thed and X° reaction channels, respectively. The dashed line M = My x Aup, 2
is obtained by switching off thep final-state interaction.

where the latter is taken to be the Jost function,

the importance of the FSI. Corresponding data onthenass Aap(q) = q+ib 3

spectra were already available for some time, though only fo q—ra

€>250 MeV. Invariant mass spectra can be obtained from thfe parameters and 3 are related to thelp effective-range
K*-meson momentum spectra measured at certain anglepdfameter<T10]. In the present work we employ the same val-
pp collisions [I81E.20]. Although th& *-meson spectra were ag @=-72.3 MeV/c,3=212.7 MeV/c corresponding to the
measured for the inclusive reactiore. pp— K+ X, the contri- effective-range parametess= —1.8 fm, r = 2.8 fm) that we
bution from the exclusivep— K Ap channel can be well iso- gjready used in Ref_]10]. With those the energy dependeince o
lated by analyzing the missing mass spectfa;, below theX-  the ,—, K+ Ap reaction cross section could be described over
hyperon production threshold. The data provided in Ret, [1§ large energy range. For the production amplitidg, how-

20] at different proton beam energies akid -meson produc- ever, we use here a simple parametrization (see below) 8o tha

tion angles indicate a substantial enhancement atlipvari- - the total cross section can be evaluated analytically [10]:
ant masses with respect to the pure phase space distribution

Actually, the data from Ref[[20] were even used in attempts t © N T €2 Mol
determine thedp effective-range parameters [21]22]. There- 7\¢=57 357~ Tmatma)32 2 ) 0
) L el \/52—4

fore, there is no doubt that thép FSI plays a substantial role (mg+maytma) SN

in the reactiomp— K * Ap. x |1+ 432 — 402 @
On the other hand, it is still an open question how strongly (—a 4+ /a2 + 2pu¢)? ’

the FSI contributes at COSY energies and, in particularffdre

the Ap FSl is entirely responsible for the low-energy enhanceétere 11 is the reduced mass of the hyperon-nucleon system.
ment. To answer this question one requires differentiadnbs Note that the last term in the square brackets of Hq. (4) srise
ables for thexp— K T Ap reaction at COSY energies. Such datfrom taking into account thelp FSI.

were recently provided by the COSY-TOF Collaboration who With regard toM, we allow for a smooth (exponential)
measured[[11] the angular distributions of thehyperon in dependence on the excess energy in order to be able to con-
reference to the proton direction in tiéT A center-of-mass nect with the data at higher energies. To be concrete we use
system for theyp— K+ Ap reaction at the beam momentum of M|?>=1.89 exp(—1.3¢) ub (e in GeV) which fits thepp —

2.85 MeV/c € = 171 MeV). The angular spectra are almosk+ Ap cross section datal[1/2J11]13][14, 25] rather well as is
isotropic for the low invariant masses of th&™ A systemj.e. shown in Fig[L by the solid line. At the energy171 MeV

at M, < 1.69 GeV. However, at largekkt A masses the where the helicity-angle distributions were measured viainb
measured angular spectra exibit an anisotropy, which besori8.5ub which is in reasonable agreement with the experimen-
more substantial with increasing théx 4. Note that the maxi- tal value of16.5+0.4 ub [11]. We would like to emphasize that
mal Mg 4 corresponds to the minimal invariant mass of the the energy dependence introducedMly, is rather small over
system. the range covered by the COSY data (solid circles in Hig. 1).
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.08 0.8 Let us now come to the reactipp— K+ X°p. Correspond-

o M, < 1.63 GeV 1.63<M<1.67 GeV ing cross section data are shown by open symbols in[Fig. 1.
~ Again, the circles are results of experiments at COSY1[1, 2],
q 0.6y 0.6 while the squares are from Ref._[25]. The solid line shows
3 + the calculation by Eq.04) (replacing onty, by myx) and

c 0.4t 0.4 - -- - &1t -1 without any X%p FSI, i.e. omitting the last term in the square
O ~ ¢ ¢ brackets of Eq.[{4). For the production amplituti¢, we use

E 0.0l 0.2k ++ﬂ++ the same form as before but with a readjusted normalization:
go) ’ + |Mo|?=0.61 exp(—1.3¢) ub. We kept the smooth exponential

energy dependence the same as before because (@) the
Ol b K+ X% reaction cross sections available {6r300 MeV have

) ) large uncertainties so that a determation of this paranfreter
a fit to those data is not possible anyway, and (b) it is conve-
nient to have the same energy dependence as for the reaction
pp — KT Ap because then thd/3° cross section ratio ap-
proaches a constant at high energies.

Obviously, the calculation withou¥?p FSI yields already
a perfect reproduction of the energy dependence opthe»
KT X% data over the whole considered energy range. Espe-
cially, in the COSY regime the data are completely in line
with the pure phase-space’) dependence. Based on this ev-
idence one would conclude that effects from #i&p FSI are
much smaller than those in th& channel, as already pointed
out in Ref. [2]. Clearly, like forpp— K+ Ap discussed above,
Fig. 2. The helicity-angle distribution of thd-hyperon for different one should keep in mind that firm conclusions can 0n|y by
K™ A invariant masses. The data are from REf] [11], obtainedeat trawn once one has also inspected the helicity-angle spectr
excess energy= 171 MeV. The solid lines show our calculations inqy the 570, Corresponding data at excess energigse<210
cluding theAp FSI, while the dashed are results obtained by switchingeyy have already been taken by the TOF Collaboration and
off the FSI. are presently analyzef124]. It will be very interesting &es

whether those data are in line with the absence ofXaty FSI

as conjectured from the total cross section. In such a case on

It amounts to a variation of only about 20 %. This has to b s ; ;
) ; pects that theos 8y distribution is completely isotropic for
compared with the effect of thép FSI which produces an en- rge &+ X0 invariant masses. Anyway, the lack of apparent

hancement of a factor £]10], in the same energy range, cf. | effects in theZ®p channel is certainly quite suprising. But

solid and dashed curves in Fg. 1. it could be due to delicate cancellations between effestsltre

Predictions for the helicity-angle distribution of tHehype- i from the two possible transitions in the final state, nigme
ron are presented in Fifll 2 together with the experimental a0, _, $0p andX+n — 0.

gular spectra. Since the data are given in arbitrary uht$ [1
we have normalized them to our calculations. But we use

overall normalization for the experimental resuits, the same 710 We can now calculate the ratw,,, . i+ ap) / 9(pp— K+ 20p) -
value for the differenfi/x , cuts. Also the results without the | N€ ratio of the squared production amplitudes alone yields

Ap FSI (dashed lines in Fifl] 2) are based on the same normatt: in_ roug_h agreement with the prerimental ratio at fighe
ization. energies. Since the enhancement ingihes K+ Ap cross sec-

Obviously, the experimental reshitif Ref. [T1] can be nat- tion at lower energies was found to be primarily due to the

. - . . Ap FSI, it follows immediately that also the near-threshold en
urally explained in terms of thdp FSI. The calculation with- hancement of thel / X0 ratio must stem entirely from thép

out this PSI fails completely. Thus, we consider these aNGES)| . our results are illustrated in Fid. 3. The solid line s 0

lar spectra as a strong direct evidence for the presencesof tf} L . ) Y
Ap FSI. Most intriguing, however, is the fact that the specifitémed with inclusion of thelp FSI in Eq. [3) utilizing those

| parametersa(, §) that describe consistently the helicity-
strength of thelp FSI we employed reproduces the measuredS C i -
helicity-angle distributions rather nicely and at the same angle distribution of thel-hyperon L11]. The dashed line in

it also yields an excellent description of the total— K+ Ap Fig.[d shows the ratio of the squared production amplitude fo

+ + y0 i -
cross section. This strongly suggests that the enhancdmentpaergg;’vﬁ] ﬁgazﬂgepﬁ;ﬁ fr%n]: éec‘)"‘ft\'f’[‘zs]' (l—gﬁg g:il:sgn;nd
the latter quantity at lower collision energies is primadue b =

to the Ap FSI. with data at higher energies ]25] (solid squares).
It is worthwhile to mention that thel/X° ratio has also
1 In our convention the sign @ is opposite to the one in the ex-Peen discussed in the context of reactions with nucleaetsrg
perimental analysi§111]. In the following we use our sigmamntion Quark model calculations preditt]26]27] that in inclusieac-
since it follows directly from the Dalitz plot representati There- tions at high energies thé-multiplicity has to be much larger
fore, the experimental angular distributions were tramséal to helic- — about 8 times — than that of the-hyperon. This does not
ity 6-angle spectra by changing the sign of the experimentakanglviolate SU(3) symmetry but results from the decay of heavy

Ma >1.74 GeV

o
o
.
o
o
T

do/dQ (ub/sr)

o
Ro

n Based on our parametrizations of the production amplitudes
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baryonic resonances, which effectively enhancesithpeoduc- effects in the reactiopp— K+ X%p this implies that the energy
tion rate. Fig[B contains thé/ X° ratio observed ip Be (open dependence of tha/ X ratio could then be likewise driven by
triangle) [28] andp Ne (open circle) [[2B] collisions. The openthe Ap FSI. However, for the final conclusion on this issue data
square is a very recent restilf[30] from the STAR Collaborati on the helicity-angle distribution of thE°-hyperon are neces-
at RHIC obtained forl Au collisions at,/s=200 GeV. sary. The nominal ratio of thé and X° production amplitudes
It is interesting to observe that the ratios for nuclear tasquared, i.e. disregarding FSI effects, amounts to 3.1glwiki
gets, measured at high energies, are roughly in line with timeline with available data from proton and nuclear targéts a
results from high-energyp collisions. Unfortunately, the new high energies.
and still preliminary STAR result is afflicted by large uncer
tainties and, thus, precludes any firm conclusion concgrain
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