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Abstract. We utilize existing inclusive data off *-meson momentum spectra of the reacpipr+ K X atT, = 2.3 -
2.85 GeV to deduce total cross sectionsgfiprs K X Tn. The method used to extract those cross sections is exglaine
and discussed in detail. Our result fBy = 2.85 GeV is consistent with the data point from a direct raszment at the
same beam energy. The cross section obtaine@}fer 2.3 GeV is with13.7 + 2.3 ub considerably smaller than the
value found in a recent experiment by the COSY-11 Collalmmadt a somewhat lower beam energy, indicating that
the pp— K ™ X1 n reaction cross section could exhibit a rather unusual gragendence.

PACS. 13.75.Ev Hyperon-nucleon interactions — 13.75.Jz Kaawyedrainteractions — 14.20.Gk Baryon resonances
with S=0 — 25.40.Ny Resonance reactions

1 Introduction The data points [7]B]0.10] at high energies are obtained
from bubble chamber images where the identification of the
Recently first near-threshold cross section data forpfhe- pp — KX n as well as theyp— K+ X% reaction channel
K*X*n reaction were published by the COSY-11 Collabovas done simultaneously and unambiguously. Thereforsethe
ration [1]. Surprisingly, it turned out that this cross sectis results at high energies might be fairly reliable. The sitra
larger than the one fgrp— K+ X% by a factor of around 230 with regard to the more recent counter experiments is differ
at the excess energy13 MeV and by a factor of around 90ent. Here thep— K X*n channel was often not considered
ate=60 MeV. The excess energys defined as=\/s—my — because of the substantial difficulties in the final pariidénti-
myx — my, Wheres is the squared invariant collision energyfication. The COSY-11 collaboration reconstructs the kawh a
while mg, mx andmy are the masses of the kaon, theny- neutron four-momenta and identifies the™-hyperon by the
peron and the nucleon, respectively. Itis also worth mairiip  missing mass. It was foundl[1] that the large background un-
that none of the available model calculatidn§ [2]3,4, 55 élle der theX*-signal complicates the data analysis considerably
to describe those data. In fact, most of those models untitereand it introduces large uncertainties. A much better, irecd
mate the cross section by an order of magnitude or even magentification of theZ'* can be done by detecting the" —pr®
Besides this rather large value for the production cross see€cay mode, though then a photon detector is required. thdee
tion as compared to th&% channel, the new results for thea corresponding experiment has been already proposedid 1] f
pp— K+ X n reaction are also somewhat startling when conthe WASA detector [12] at the COSY facility.
pared with the available high energy data. Indeed, one cdn fin With the present paper we want to supply some more val-
only five data points[7)810,10] fap— K+ X+ n at higher en- ues for thepp— KX n cross section to the data base. For
ergies in the literature. Moreover, those data show large flihat aim we utilize available data on inclusif&"-meson mo-
tuations, even considering the large experimental uniogiga, mentum spectra measured at different anglesgpircollisions
and two of those point5[9] were reported only in a preprint. Bfor the reactiomp— K+ X . Since the experimental T-meson
it is still obvious that the COSY-11 result &60 MeV [1] is momentum spectra [13,114]15] are available at energiedi¢hat
as large as thgp— K+ X Tn cross section measured at highdnetween the data of the COSY-11 Collaboration and the high
energied[[7,8,10], suggesting that there could be prdigtita. energy data, the result of our analyis allows conclusionen
energy dependence over the large energy regiane80000 behavior of theop— K+ X n cross section in this interesting
MeV with the mean cross section being#4® ub. That is a energy region. Some of the spectra are available at endingies
rather unexpected result since the cross sectippef K+ X%, overlap with the bubble chamber results [7] and, therefoee,
the only well investigatedd production channel, shows a sigcan also check whether the results based on our method are
nificant energy dependence, as expected from the increagiogpatible with the high energy measurement. As a byproduct
phase space for the reaction. Indeed here the cross sectveralso provide cross sections for fhe— K+ Ap reaction and
changes by a factor of about 40 within the energy range indempare them with direct measurements, where the latter are
cated above. based on the reconstruction of the final particles.
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The paper is organized as follows: In Sec. 2 we descritgeV and theK *-production angled=10.3° [14] and the
the method. The analysis of the data is presented in Sec.r3. Gther at7,=2.54 GeV andx=30° [13]. Both data sets are
results are compared to other available data in Sec. 4. T pashown in Fig[l, where the left panel illustrates fkie -meson
ends with a short summary. momentum spectra, while the right panel shows the missing

mass spectra obtained by Hg. (5). The arrows in[Fig. 1 inglicat

the K X N andK AN reaction thresholds, respectively. Below
2 Method for the data evaluation the K X’ N threshold, i.e. folM x <m x+my, kaon production

is primarily due to theopp— K+ Ap reaction, though contribu-
In this section we describe in detail the method for the dafians from that channel with additional photod§{ Ap~, etc.)
analysis. For completeness we include all relevant forsjulare also possible. The contributions to the missing mass spe
although some of them are given in Ref.[16]. Furthermorgum for mxy+my < Mx<mai+my-+m, come from the
since this method is not limited specifically tp—K+tX* n  pp—K* Ap, pp—K+ X% and pp—K+X*n reaction chan-
but applicable to any reaction with a three-body final state, nels and again channels with additional photons. Thus, by su
provide the formalism in a general form. The cross section ftracting the contribution ofp— K+ Ap in that invariant-mass

thea+b—1+42+3 reaction is given by region one can extract the sum of the— K+ X% andpp —
3 3 3 K3 *nchannels, under the assumption that the reactions with
o— 1 /d p1 d’p2 d°ps photons provide a negligible contribution. For a reliabdti-e
26m5A/2(s,m2,m3) ) 2E1 2E; 2FE3 mation of thepp— K+ Ap contribution it is crucial to know
x8(Pi+Py+Ps—P,—P,) |A]? (1) the K*-meson spectra below th€ X' threshold. Then one

can fix thepp— K+ Ap channel directly from those data and
wherep; andE; are the 3-momentum and the energy ofite  use that result for the extrapolation to the invariant-nmagsn
particle, respectively, whil@; stands for the 4-momentund  where the¥ channels are open. As is clear from [fif. 1 in some
denotes the reaction amplitude and Mfunction is defined by of the available experiments there are only a few data points
Nz, y,2) = (x —y — 2)? — 4yz. We use the invariants below theK X' N threshold. In such a case there is a sizable un-
) 9 9 9 ) certainty in the data evaluation, which will be reflectederev
s=P"=(Ps + F,); sq=Q =(P2+ P3)"=(P — )3 (2) tually, in the error bars of the corresponding results. Tiris
rtainty is somewhat reduced if there is at least a clearabig
g the opening of thé{ X’ N threshold in the spectrum, which
Is the case for most of the data.

wheres, is the squared missing mass with respect to the fi
particle, which is identical to the squared invariant maks
the second and third particle. The Lorentz invariant défer

tial cross section for the production of partidlés then written Thepp— K+ X% reaction can be well identified by the de-
as tection of the final particles and it has been intensivelyesv
B do 1 Py dps tigated [26,27]. This information can then be used to deduce
— =i — / the contribution qf th@p_—J(*E*n channel from_the missing
pi dprdf 2TmONV2(s,m7,my) J 2By 2E;3 mass spectra of inclusivi +-meson production in the region
¥5(Py+ Py — Q) |A]? = 1 my+my < ngmA_quNer_,r for various be_am energies.
2874N1/2(s,m2,m?) As is obvious from Fig[]l, while some experiments provide

A2(s, m3, m2) —— information on theK_’“-meson momentum spectrum over basi—_
% Q, Mg, M3 AZ.  (3) cally the whole available phase space, this is not the catbe wi
SQ others. These limitations again introduce an uncertamthe
data analysis.

In the laboratory frame, i.e. foP,=(0,m;), s can be ex-
pressed as For fixing the contribution of thep— K+ Ap reaction chan-
) nel to the missing mass spectrum we utilize Egk. (3) ahd (5).
sQ = s +mi — 2(Eq +mp)Er + 2papicosty,  (4)  Specifically, we determine the reaction amplitugké from the

where(2; and#d, are the solid and polar production angle o?a.ta for Mx <ms+my an.d use _that value for the extrapo-
! ! polar p 9'€ Ofation to My >ms+my. Since it is well known that thetp

the fi_rst pa_rticle. In EqL{3),A* i§ the square o_f the reaCtionﬁnal-state interaction (FSI) is sizable [17]18] we takentbi
amplitude mtegra’Fed over the kinematical variables eelab account explicitly. This is done by assuming [19,20] tha th
the second and third particle. In generd|* depends op, (Or  reaction amplituded can be factorized into a practically mo-

$Q), $1=(01, ¢1) ands. mentum and energy independent elementary production ampli

The relation between the differential momentum spectruiige 4, and an FSI factord 4, where the latter is calculated
measured at the solid angfé, and the missing massi{x)  within the Jost-function approadh [21]. Details are surrineat

spectrum, wher@/% =sq, is given by in Appendix[A. As mentioned there, in our analysis we use
1 Jost-function parameters (or equivalently, effectivegepa-
o Eq, +my o (5) rameters) from a global fit to the reactipp— K+ Ap. In prin-

dMxds?, Vv 5Q /D%t m3 P1=Pa 08 61 dpids2, ciple, one could try to determine those parameters for eatzh d
1 1 . ,
set separately by using the correspondidg-spectral[2R2, 23,
In order to exemplify how we proceed in our analysis let U34]. But then one would requir&/ x -spectra with rather good
consider here two typical data samples for tipe~ KX re- mass resolution and statistical accuracy, which is not ywa

action. One is from a measurement at the beam eriErg2.3 the case as seen in Hig. 1 ff§=2.54 GeV. Consequently, only
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Fig. 1. Left: Experimental information on th& ™ -momentum spectra from the— K ™ X reaction afl;,=2.3 GeV and)x =10.3° [14] (upper)
and atT,,=2.54 GeV and) x =30° [13] (lower). Right: Corresponding missing masd () spectra obtained by Ed.(5). The arrows indicate the
KX N and K AN~ reaction thresholds, respectively. The dotted lines shaoutations based on EqE] (3) af#l (5) for te— K Ap reaction
with | Ao | fitted to the data fod/x <mx-+my andAp FSI effects included via E.(8). The dashed lines are redu#tined without inclusion

of the Ap FSI. The solid lines are the sum of thp— KT Ap, pp— K X% andpp— K+ X+ n cross sections where the sum of the cross
sections for the twd’-hyperon channels was fitted to the dataifor+my < Mx<ma+mny—+mr.

some of the data could be analyzed by including FSI effeatsntribution from thepp— K+ Ap reaction looks reasonable.

that are determined by fitting directly to those data themesel Note that so far we have neglected possible contributias fr
Thus, we only fix the elementary production amplitudie the reactions with photons in the final state, jp— K+ Ap~,

by a fit to the corresponding data fdfx <mx+my. In prac- pp— KT Apyvy etc. However, judging from the measurement

tice we determine the constajd,| for each angle and beamwhere a decent number of data points is availableMor <

energy where experiment&l™ mass spectra are available. Theng+my, there is not much room for such additional contri-

by averaging the obtained values faty| (at a specific energy) butions anyway.

over the angular dependence we deduce a resulefg?. The In order to estimate the uncertainty that could arise from
latter quantity can then be compared with the amplitudes drir treatment of thelp FSI we consider also an alternative
duced from directly measuregh— K Ap cross sections, cf. procedure. We perform a fit to th€* invariant mass spectrum
the discussion ifi/A and the results presented in Sect. 4. Thighout FSI, i.e. with pure phase space. But in this case we
allows us to examine whether the results we extracted frem #onsider only data points that lie in an energy interval afigb
measured invariant-mass spectra are consistent with ther-ex30 MeV from theK X' N threshold downwards for the determi-
imental information on the total production cross sections. nation of the reaction amplitudely| at the various angles and
Let us now come back to thep— KX invariant mass energies. The data points closer to #id N threshold exhibit,
spectrum. The dotted lines in FIg. 1 show results of a calcula general, such obvious FSI effects that it is meaninglesyt
tion based on Eqd.}(3) arld (5) with the FSlI included via Eqg. (8) fit them with pure phase space. The dashed lines inFig. 1
and the squared reaction amplitydk | appropriately adjusted show those results obtained without inclusion of the FSI.
to the spectra at/x <ms+my. The description of théd{ - We will use the predictions of those fits for théA N invariant
meson momentum and missing mass spectra in terms of thass spectrum in the regiong+my<Mx <mi+my+m,
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for extracting theX production cross section too. However, wextrapolation we determing, (by a fit based on Eqd.](3) and
want to emphasize already at this stage that we consider (89 for two scenarios: We subtract the contribution frora th
extrapolation based on the fit that includes theFSI as much pp— KT Ap (i) including FSI effects as shown by the dotted
more reliable and, therefore, we consider fieross sections line in Fig.[d, and (ii) without FSI as given by the dashed line
deduced from that fit as our definitive results. in Fig.[1. Both results fos%, are given in TablE]2.

Once the contribution from thgp— K Ap channel is es-  We should mention that even within the Jost-function ap-
tablished we subtract it from the— KX data in the region proach it is not always possible to reproduce Mg -spectra
myz+mpy<Mx<mj+mny-+m; in order to obtain the sum of around thekK *+ Ap threshold in a perfect way. That might be
the contributions from thep— K+ X°p andpp— K™ X nre-  a problem related to the use of the Jost function formalism or
actions. Possible additional contribution from channeithw simply due to uncertainties of the parameteend;3 (10) used
photons in the final state are again neglected. Utilizingragan Eq. (8). In any case, such more subtle aspects of/fthe
Egs. [3) and[(5) we determine the corresponding (combingm8| do not influence the shape of théy-spectra above the

2 amplitude|.A, | for each angle and total energy where expels+ X'V threshold significantly and are, therefore, not relevant
imental K+ mass spectra are available, etc. However, unlikgr us.

in the K+ Ap channel, now we do not include an FSI factor Let us now discuss the different data sets fonthes K+ X
in the fitting procedure. Indeed, none of the available dets. Sy a5ction one by one. Fi§l 2 shows the missing mass spectra

exhibits a pronouncend enhancement nearRheN thresh- ¢,m Ref. [14] at the proton beam energyBf=2.3 GeV and

old that would warrant the inclusion of FSI effects. The doliy 5, production angles 6f=8.3°, 10.3 and 12. The dashed
lines in Fig.[1 show the final result, i.e. the contributioonr jineg are the results for ther— K+ Ap reaction fitted with a

thePP—J;KJFAP reaction plus the fitted contribution from thezonstant reaction amplitudely| alone, while the dotted lines
pp— KT XN channels. indicate corresponding results including ttig FSI.

The Mx-spectra exhibit a substantial enhancement close
) to the K+ Ap threshold that originates from thép FSI. Note
3 Data analysis that the shape of the near threshold spectra depends sotnewha
on the K +-meson production angle and is not reproduced per-
In the present paper we analyze the meastifédmeson mo- fectly by using the Jost function (Ed.1(8)), especially a th
mentum spectra published in Refs.|[13[14,15]. The achieva@glest=8.3° and 12. As was shown in Ref[[22] thé/x-
results are summarized in Tab[@s 1 @hd 2. In order to staydgpendence generated by Eg. (8) can be varied by changing the
close as possible to physical quantities we do not list theaga parameters: and3 and, in principle, it is possible to achieve
obtained for the amplitudeisd,| but the corresponding crossa better description of the spectra around KeAp threshold
sections. However, since those amplitudes correspondtto d?y allowinga and (3 to depend on théx angle. However, all
at different angles it is obvious that the given values are ri#ose variations have only a marginal influence on the descri
really total cross sections. Rather, they represent cexgioss tion of the missing mass spectra above e XV threshold,
for specific angles, appropriately normalized to the fulidso Which is the region we are interested in in the present aisalys
angle. In order to remind the reader on that we put the super- The solid lines in Figi2 show the sum of the— K Ap,
scriptd on the corresponding symbolsy or 0%). pp— K+ X% andpp— K+ X*n channels where the contribu-
Comparing the resulting values fof, ando¥, at different tion of the latter two channels was determined by a fit to the
angles (at a specific energy) allows conclusions on the anglifference between the experimental spectra and the bontri
lar dependence of the reaction. For facilitating an easggen tion from thepp— K Ap reaction (including FSI effects) via
examination of that dependence we introduce the quagtityEgs. [3) and[(5). In Tabldd 1 ahdl 2 we list the corresponding
which is the ratio ot and the corresponding (genuine) totavalues foro ando$, determined from thé/x -spectra for the
cross sectiorr 4 obtained from the reference amplitude](16yases with and without inclusion of thip FSI. The quality of
in conjuction with Eq.[(Tl). Evidently, if there is full coiss the least-square fit can be judged from the given reduced
tency between the latter parametrization of the experialenfs can be seen from the table, there is practically no diffeze
total cross section and the result stemming from our eviainat between the results obtained with and withdwtFSI. This is
of the missing mass spectrum then the averagg afer the primarily due to the fact that there are sufficient and adeura
kaon angles would amount to unity. data on the mass spectrum below #ie’ N threshold. More-
Note that we have neglected the difference betweemthé@Ver, this threshold is clearly mapped out.
andn masses and between th® and X'+ masses in calculat-  Fig.[3 shows thel/x-spectra from Ref.[15] at the pro-
ing the excess energies. These are inessential at the lsigh réon beam energy df,,=2.4 GeV and kaon production angles
tion energies we are dealing with here. of x=0° and 17. The notation for the lines are the same as
As already mentioned, a major source for systematical un-Fig.[2. Here theX ™ X N threshold is hardly visible in the
certainties in the data analysis by the method describedeabdata, especially at the larger angle, and accordingly thexe
is due to the extrapolation of thi€ ™ Ap mass spectrum to thehuge differences in the extracted cross sections betweaen th
regionms+my<Mx<ma+mpy-+m,. Itis clear from Fig[Jl scenarios with and withoulp FSI, cf. Table$1l anfd]2. Ulti-
that the parametrization including thi FSI still differs from mately, this is also reflected in the large error bars for the e
the pure phase-space behavior in that region and, theréforéracted value ob%. Please recall that thE contributions are
affects the absolute value of the extracfégroduction cross fitted to the invariant mass spectrum in the range+my <
section. Thus, in order to estimate the uncertainty due o th/x <m+mpy+m,, i.e. between the arrows shown in the fig-
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Table 1. Analysis of available data o "-meson inclusive momentum spectra from the—K™* X reaction: Results fopp— KT Ap.
Specified are the proton beam enef@y the kaon production angkex, and the excess energywith respect to thel-hyperon production
threshold 54 is thepp— K T Ap reaction cross section obtained from a fit to the data at dfapanglef ., as explained in the text. The factor
¢ indicates the angle dependence, cf. text.

Reference T, (GeV) e (MeV) 0k (degrees) w/olp FSI with Ap FSI
o4 (ub) ¢ of (b)

[14] 2.3 252 8.3 23.90.7 0.80 24.20.9
[14 2.3 252 10.3 21:30.6 0.72 21.80.8
[14] 2.3 252 12.0 204£0.6 0.68 20.6-:0.6
[15] 2.4 285 0 77.68.9 2.1 72.99.2
[15] 2.4 285 17 52.86.7 0.9 31.38.1
[13] 2.54 331 20 3143.7 0.55 22.32.9
[13] 2.54 331 30 2052.1 0.40 16.22.3
[13] 2.54 331 40 2422.3 0.40 16.22.7
[14] 2.7 383 12.6 32#0.3 0.6 28.60.6
[14] 2.7 383 16.1 3040.7 0.55 25.#0.5
[14] 2.7 383 20 30.30.4 0.43 20.%0.5
[14 2.7 383 235 2020.5 0.4 18.740.6
[15] 2.85 431 0 120.210.8 1.7 88.8:11.2
[15] 2.85 431 17 39.64.8 0.5 25.94.2
[15] 2.85 431 32 28.66.1 0.5 25.945.3

Table 2. Analysis of available data o& ™-meson inclusive momentum spectra from fhe— K X reaction: Results fopp—K ™ X N.
Specified are the proton beam eneffjy the kaon production angkx, and the excess energywith respect to the~-hyperon production
threshold 5% is the sum of thep— K+ X% andpp— K+ X*+n reaction cross sections obtained from a fit to the data atcifspangledx,
as explained in the text.

Reference T, (GeV) € (MeV) 0k (degrees) w/olp FSI with Ap FSI
0% (ub) x*Indf 0% (ub) x*Indf

[14] 2.3 178 8.3 13.#1.0 1.3 14.40.9 0.9
[14] 2.3 178 10.3 1681.1 1.5 18.¢-1.0 1.6
[14] 2.3 178 12.0 20481.2 1.2 19.51.0 2.1
[15] 24 211 0 32.512.9 0.5 36.110.8 0.1
[15] 2.4 211 17 19.66.1 0.2 50.6:13.2 1.2
[13] 2.54 257 20 32.62.4 0.6 41.425 0.1
[13] 2.54 257 30 41.61.8 0.1 45.41.8 0.2
[13] 2.54 257 40 3422.8 35 42.42.8 0.4
[14] 2.7 309 12.6 3720.8 5.7 47.80.5 7.6
[14] 2.7 309 16.1 5041.4 29 54.21.4 2.6
[14] 2.7 309 20 51.20.9 55 62.40.9 4.2
[14) 2.7 309 235 2841.5 1.7 30.61.1 1.6
[15] 2.85 357 0 60.16.8 1.3 82.514.3 0.1
[15] 2.85 357 17 76F10.0 0.5 73.414.9 0.3
[15] 2.85 357 32 2347.8 2.0 20.6:8.6 0.8

ures, which explains why the corresponding curves are & lithis specific energy the description of the missing masstepec
with the data in that region but deviate from those at hightar large K T-meson production angles is very good, in par-
Mx values. ticular, also for the data points above the" AN~ threshold.

) o Thus, there seems to be not much room for contributions from
Fig.[4 shows the missing mass spectra from Ref. [_13] at the reaction channel with an additional pion.
proton beam energy df,=2.54 GeV and kaon production an-

gles of0x=20°, 30° and 40. There are only few points below  The missing mass spectra from REef./[14] at the proton beam
the K+ X'V threshold and from those it is hard to see whethenergy of7},=2.7 GeV and kaon production anglestf =
there is actually an enhancement due toAhé-Sl. Note thatat 12.6°, 16.1°, 20° and 23.8 are shown in Figl]5. The data at
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Fig. 2. Experimental missing mass spectra obtained by Bqg. (5) ftwenif™-meson momentum spectra of thp—K ™ X reaction [14]
at the proton beam energy @},=2.3 GeV at different kaon production anglés. The arrows indicate th& ¥’ N and K AN~ reaction
thresholds, respectively. The dotted lines show calautatbased on Eqg.](3) arid (5) for the— K+ Ap reaction with|.Ao| fitted to the data
for Mx<mx-+mpy and Ap FSI effects included via Eq.](8). The dashed lines are red#ined without inclusion of thdp FSI. The solid
lines are the sum of thep— K+ Ap, pp— K ™ X°p andpp— K+ X n cross sections where the sum of the cross sections for th&'twperon
channels was fitted to the data fars+my < Mx<mai+my-+m.
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Fig. 3. Experimental missing mass spectra from ppe- K X reaction[[15] at the proton beam energylgi=2.4 GeV and at different kaon
production angledx. Same description of curves as in Hij. 2.

0 =12.6° and 8 =20° indicate an enhancement due to thd Results and discussion

Ap FSl and are well reproduced.
From the results collected in Tables 1 add 2 one can see that

the fit to some of the data yielded a rather small reflecting

Fig.[8 shows the missing mass spectra from Refl [15] e large statistical and systematical uncertainties@gttper-
the proton beam energy @},=2.85 GeV and kaon productioniments. The fit to the data &i,=2.7 GeV, on the other hand,
angles ofdx=0°, 17° and 32. The Mx-spectrum at,=0° leads to a rather large® because we assume that the missing
indicates a very strong enhancement due toth&SI. On the mass spectra are smooth and, therefore, we cannot dedwibe t
other hand, it is somewhat disturbing that there are alsa dégrge fluctuation of the data for which very small statidtima
points below the{* Ap threshold, i.e. outside of the kinemat+ors are given, as can be seen in Eig. 5.
ically allowed region. As stated in Ref. [115], this could heed Let us first comment on the factor, the indicator for the
to the momentum resolution of the measurement. In any caégrangular dependence of thge— K+ Ap reaction amplitude.
those questionable events do not influence the extractitreof The spectra available af=0° indicate a larg& and, there-
X7 production cross section from the data. fore, a strong forward peaking ¢fy|. All other data show
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T,=2.54 GeV T,=2.54 GeV T,=2.54 GeV

¥=20° %=30° »=40°
L - 300F
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d’c/My/dQ (ub GeV'c sr™")
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e curme AN - I ,,,,,

2,3 2,05 2.1 2.15 2&
My (GeV) My (GeV)

Fig. 4. Experimental missing mass spectra frompe- K+ X reaction[[13] at the proton beam energyldt=2.54 GeV and at different kaon
production angledx . Same description of curves as in Fij. 2.

2501 =2.7 Gev 2507 29 7 Gev
200k %=12.6° 200
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100 |
i T

O Np CERVT 50
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S A 2.1 22 53 0
%X%O_TEZJ GeV

> 200
s

N 150

JD X "

O 100 e 0

Fig. 5. Experimental missing mass spectra from tipe— K ™ X reaction [14] at the proton beam energyof=2.7 GeV and different kaon
production angledx . Same description of curves as in Hij). 2.

a smoothd i -dependence within the range3° <0 <32°. In  squares in Fig.]7. Therefore, we conclude that there is a rea-
general, forfx#0° the factor¢ is about0.4—0.8 so that the sonable consistency between the squared reaction anmgditud
corresponding angle-averaged amplitude is smaller trearefh deduced from the missing mass and the values obtained from
erence amplitude for thep— K ™ Ap reaction computed from direct measurements.

Eg. (16), which represents a fit to the measured total raactio Based on the values fof, at the same excess energies and
cross section. Corresponding results are displayed inethe ko gitferentd . from Tabldji1 we can calculate the mean value
panel of Figly. We want to point out, however, that for excesgyy the standard deviation for the— K+ Ap total reaction
energiesl70<e<360 MeV the uncertainty fof.4y|* as deter- cross section, cf. Tablé 3 and the right panel of Eig. 7 (es!
mined directly from available data points from bubble chamba|though for some energies the standard deviations are very

measurements is also in the order of a factor-@, cf. the |arge, there is reasonable overall agreement betweenshlse
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1,=2.85 GeV

T,=2.85 GeV T,=2.85 GeV
[ 9,=17° 3000 §,=32°

200r

d’c/My/dQ (ub GeV'c sr™")

s 2.4
My (GeV)

Fig. 6. The same as in Fifl 2 for the proton beam enerd¥,5f2.85 GeV. The data are from Ref. [15].
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Fig. 7. Thepp— K Ap total reaction cross section (right) and correspondingsaglireaction amplitudedo|? (left), extracted via EqL{11), as

a function of the excess energy. The solid triangles arefdata COSY-11[25,26,27], the open triangles are from COSX-128] while the

open squares show data taken from Refl [29]. The dashed &ddirses at the right side show the result of EHq.J(11) with@ig. x=1) and with

Ap FSI, respectively, withAo|? given by Eq.[(IB). The solid line at the left side shows theapeaterization Eq[{16). The circles are results

obtained from the missing-mass spectra analysis of theptresper.

extracted from the missing mass spectra and the cross isectimmatic differences between the values for the two consitle
data from direct measurements. options. As already said, we consider the extrapolatioedas
The sum of thep— K+ X% andpp— K+ X n cross sec- on the fit that includes thédp as much more reliable and, there-
tions (%), extracted from the missing spectra, shows a mofere, we consider the&’ cross sections deduced from that fit as
significant angular dependence only at the highest excess eur definitive results. Averaging over thé, values extracted at
ergy of e=356.8 MeV, cf. Tabl€12. For the other energies thdifferentK *-meson angles we can now evaluateXhproduc-
dependence aff, on the K +-meson production angle is rela-tion cross section s, and determine the standard deviation for
tively smooth, at least within the uncertainties of the asted the results obtained from the fit to thdx-spectra. The corre-
values. From TablEl2 one can also see that neglectinglthe sponding values, for the case where theFSI was taken into
FSlin the extraction procedure yields resultsf§rwhich are, account, are listed in Tablé 4.
in general, somewhat smaller. But it is reassuring to see tha Inorderto deduce thep— K+ X n cross section one needs
in most of the cases the error bars obtained fordafis with  to subtract fronv s the pp— K+ X°p cross section. In Fidl8a
and without inclusion of thelp FSI overlap, indicating that we show the existing data for the reactipn—K X% as a
the results are not too sensitive to the specific subtragtien function of the excess energy. The circles are from the COSY-
scription. There are only a few cases where there are inddddCollaboration[[26,27], while the open squares are bubble
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Table 3. Results for the totadp — K Ap cross sectiow 4. The excess energyis given with respect to thd-hyperon production threshold.
Our results, extracted from the missing mass spectra, gegraver thédx angles, are listed in the upper part of the table. The ernw ae
computed from the corresponding standard deviation. Exyetal results from direct measurements in a comparaldeggmegion and the
corresponding references are listed below.

e (MeV) oa (ub)
our evaluation missing mass spectrum
from Ref.
252 22.2+1.5 [14]
285 52.1#20.8 [15]
331 18.2+2.9 [13]
383 23.1+3.8 [14)
431 46.6:29.3 [15]
direct measurements Ref.
138 12.0:0.4 [28]
157 18+5 [39]
431 51+12 [7]

Table 4. Results for theX' production cross sections. The excess enerigygiven with respect to th&’-hyperon production threshold.x

is the totalX production cross section extracted from the missing masstisp averaged over titg; angles. The error bars are computed
from the corresponding standard deviation. The crossmeér o (K™ X%p) was obtained via EqC{11), utilizing the parametrizatiortref
cross data for that channel from direct measurements as giveq. [8). The cross section for{ K™ X n) is identified with the difference
betweernr s ando (K + X ). Listed are also experimental results from direct measengsrof thepp— K~ X%p andpp— K Xn channels
and the corresponding references. Note #{@ X p) ate = 727.6 MeV is taken from Ref[[31] and those at 13 and 60 MeV are takam f
Refs. [26] (preprint) and [27], respectively.

¢ (MeV) o5 (ub) o(K* X p) (ub) o(K "Xt n) (ub)
our evaluation missing mass spectrum
from Ref.

178 17423 4.0t0.3 13.42.3 [14]
212 43.4:7.3 5.2£0.5 38.2:7.3 [15]
258 43.2+1.8 6.9£0.7 36.3t1.9 [13]
309 48.8- 11.8 8.9:1.0 39.9+11.8 [14]
357 58.6:27.6 10.6:1.3 48.6:27.6 [15]

direct measurements Ref.
13 0.020+0.003 4.56:-0.94+2.7 1]
60 0.482+0.144 44.810.7+15.2 [1]
357 13t7 47+13 [7]
728 25+3 48.143.5 [8]
849 27+4 85+12 [9]
1006 175 57+7 [10]
1156 25+3 85+11 [9]

chamber data [29]. Presently there are no experimentdtsesdata do not show any visible indication for such a FSI[[18,27]
available for60<e<360 MeV, i.e. for the energy range of ourlt is also in line with the conclusions we draw from inspegtin
analysis. The measurements from the TOF-Collaboration thiae experimental mass spectra analysed in the present, paper
cover the energy range of our interest are still at the stdigewhich likewise exhibit no sign for the presence ofav FSli
being analysed [30]. Therefore, to proceed further, we &t tleffects.

pp— K+ X9p total reaction cross section by Eig.]11) witk 1,

i.e. by neglecting the2’p FSI, and with the appropriate kine-  rpo parameterizatiofi](6) allows us to calculate phe—

matics for theK ™+ X%p channel. The resulting squared reactiof+ y-0,, cross section for each of the excess energies, where

amplitude is data on theyp— K ™ X reaction exist. The corresponding val-
A2 — , 107 ues are listed in Tabld 4. The last column in TdBle 4 is the dif-
[Asol? = (0614 0.03) - exp[(1.34 £ 0.2)¢] - 107 (ub), (6) ference betweenys, and thepp— K T X% cross section, which

with the excess energy given in GeV. Note that the omissiere identify with thepp— K+ X" n cross section. The results

of possibleX%p FSI effects is in line with the experimentalare also shown in Fid.]8b (circles). Note that a linear scale i

evidence for thep— K+ X% channell[2§,27] — the availableused for displaying thep— K+ X+n cross section!
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5 (o pp —> K'Z% & b) pp —>K'I'n
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Fig. 8. Thepp— K X% (a) andpp— K T X n (b) total reaction cross sections as a function of the exersggy. The triangles are data by the
COSY-11 collaboration for th& + X%p [26/[27] andK ™ X n [1] channels, while the squares show bubble chamber data fabm Refs.[[7,
8/9[101.29.31]. The circles are results fgr— K+ X n obtained from our analyis of the missing mass spectra. The lgwes in both panels
show the result of Eq[{11) without’p FSI (i.e. withx=1) and with|.4s0 |2 given by Eq.[(). The dashed line in (b) is the same as the solid
line, but multiplied by a factor 3.5.

First let us compare our results with the bubble chambleas to keep in mind that the latter data were never officially
data[7.8,.9,10] shown by the open squares in[Big. 8b andllisfgublished.
also in Tablé ¥. Thep— KX n cross section of 4213 ub
at =357 MeV was measured by Louttit et dl] [7] and it is in  Provided that all data are indeed correct, it will be diffi-
agreement with our result at the same energy, cf. Table 4ult to find plausible explanations for the drastically elrént
though, unfortunately, at this highest energy of our ansly$ehavior of thepp— K+ X*n cross section. The model cal-
there is a large uncertainty due to the angular dependencé&@gtions [2,3.4,5,6] available for this reaction chanineli-
the extracted cross section as can be seen from Thble 2. Tat that the energy dependence of the cross section is sim-
pp—K T X+n data [8.9,10] at higher energies indicate largéar to the one ofpp— K+ X%p. After all, the energy depen-
fluctuations. We want to remark that the two pointscatr dence is to a considerable part determined simply by phase-
0.85 and 1.1 GeV represent the largest reported cross sectigpace factors. Evidently, the model predictidns [2,/3, 41iS}
with 85 ub (at both energies) and are availadlé [9] only iggree strongly with the new dafa [1] of the COSY-11 Collab-
an UCLA preprint. For the lowest energy where missing maggation. Since those calculations describe ppe- K+ X" n,
spectra are available=178 MeV, we deduced a cross sectionp— K "X p andpp — K°X*p reactions with the same dy-
of 13.742.3 ub from the data. There are two so far unpublishe@gmical input, additional mechanisms can be introducey onl
measurements of thep— K+ X +n cross section by the TOFby assuming that they contribute to tpg— K+ X*n chan-
collaboration at somewhat lower energy, i.e. at beam momehg! alone. But not even a recent study that focusses on the
of 2.06 GeV (=98 MeV) [32] and 2.157 GeVeE128 MeV) pp— KT X Tn reaction only and invokes contributions from the
[33], respectively. It is worth mentioning that their resure A(1620) resonance is able to describe the COSY-11 data satis-
roughly in line with the value we obtained. The results frorfctorily [6]. Of course, possible additional contributcould
the COSY-11 Collaboration at low excess energies have begise from the excitation of crypto-exotic baryons, as veecs
available only recently [1]. Theipp— K X+ n cross section ulated in Ref.[[1], that then decay into t#eY’ channel. Such
of 44.8+10.7+15.2 ate=60 MeV is as large as those at higterypto-exotic baryons were discussed![34] recently in e c
energies, cf. Tablg 4 and F[g. 8. text of the new ANKE-COSY results [85] afrmeson produc-

tion. Anindication for a possible crypto-exotic baryon vedso

For illustration purposes we include the result fortipe—  reported in Ref[[36], based on an analysis of X¥f&< * invari-
K+ X% cross section also in Fifll 8b (solid line). The dasheght mass spectrum.
line shows the same cross section, but multiplied by a factor
3.5. Obviously its energy dependence s very different fioat Anyway, instead of embarking on further speculations we
exhibited by thepp— K+ X n cross section if one considersbelieve that it would be more instructive to perform new mea-
all available data. However, it is interesting to see that tmeecu surements of thep— K+ X+ n reaction in the near-threshold
would be roughly in line with the trend of th& ™ X *n data, region. The method used in the present paper can be also ap-
including the ones obtained from our analysis, if one digrdg plied in the analysis of data that can be taken at ANKE: [37] and
the COSY-11 events and the measurements from Refs.][8, HIRES [38] at COSY. These experimental facilities are per-
The data from the last two references are in clear contiadictfectly suited for obtaining< ™-meson spectra with high statis-
to the results from Ref[ [9] anyway. On the other hand, onies and high resolution. Such exeriments would also allow t
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shed light on the angular dependence of the reaction ardplituments[[19, 20] we assume that the reaction amplitdaan be
which we expect to be very weak at low excess energies. factorized into a practically momentum and energy indepen-
dent elementary production amplitudig and an FSI factor:

5 Summary A Ao x Agp - @)

The FSI effects are then taken into acount within the Jost-fun

Inth t determined th K+ty+ .
n the present paper we determined the sum ofithe " fion approach

andpp— Kt X% cross sections from inclusivé F-meson mo-

mentum spectra in the energy rarige= 2.3 - 2.85 GeV, avail- ¢% + a2

able in the literature. We showed that, after transfornmetib |Anpl* ~ e (8)
the momentum spectrum to the missing mas{) spectrum, q

the contribution from the reaction channels wittand X’ hy- where the momentumis given by

perons can be isolated by inspecting the data between the 12 5 o

K+t Ap, KT YN, andK* AN~ thresholds and we demonstrated g= A (sq. ma, my) 9)
that the M x-spectra can be well described when taking into 2,/3q ’

account the contributions from the— K+ Ap, pp— K+t X n

andpp— K+ X reactions. The angular dependence of the r@Dd the parametersand 3 were taken as

action ampli.tude was accounted for by fittin_g the"-meson a=-723MeV, f=212.7 MeV. (10)
spectra at different angles. Total cross sections were dieen

duced by averaging over the angles. These parameters are related to the scattering lengttd ef-

As a test we first determined the— K ™ Ap cross sections fective range- of the Ap interaction [17]. To be specific, they
at those excess energies where the invariant mass speetraarrespond to the values=-1.8 fm and- = 2.8 fm. The param-
availabe. It turned out that the cross sections extractedsbyeters of thelp FSI that we use here were obtained in Reéfs| [17,
are roughly in line with results from direct measurements [£8] from a global phenomenological analysis of all avaiabl
the same energy region. data on the reactiopp— K+ Ap. But, one should keep in mind

Utilizing available information on thep— K+ X%p cross that the scattering parameters are not fixed uniquely. Algtua
section, we then deduced total cross sections forpthe— we have shown in Ref._[17] that a large set of different values
K+ X*n channel. The obtained results were discussed and ctmmthe scattering lengthhand effective range allows to repro-
pared with existing data from direct measurements. At tiee sgluce the energy dependence of fhe— K Ap cross section
cific energyT,, = 2.85 GeV there is also a data point from aata. Some of these parameters coincide with results peedic
bubble chamber measuremernt [7] and it was reassuring to bgeanoderny’ N models[[40, 41.,42,43,44].
that our result is compatible with that experiment. The sros Based on Eqgs[{[7}8) one can then write the total reaction
section obtained fof}, = 2.3 GeV is with13.7 & 2.3 ub con- cross section for the reactigp— K * Ap in the form [17]
siderably smaller than the value found in a recent experimen o
by the COSY-11 Collaboration at a somewhat lower beam en- oa(e) = 3 3 R
ergy Thus, our new cross section values, together with the al 20mAL/2 (s, mi, mg)

ready available data, indicate that the energy dependeince o — . . .
the cross section for the reactipp— K+ X+n could differ Here|.4y|? is the (angle) averaged reaction amplitude squared

drastically from that of thep— i+ 3% channel. This would while « is a fa_ctor that represents the FSI effects. The 3-body
be certainly rather surprising. Apparently, further expents Phase space is

[ Ao|? K(e) . (11)

are necessary to confirm this unusual behaviour. If suchrexpe (Vo—mx)?
iments indeed corroborate the present findings then it &k 2 1/2 5
that peculiar and potentially exotic mechanisms play airole P3 = Is A7 (s, 5, M)
the reactiorpp— K+ X" n. (ma+my)?
ds
x/\l/Q(SQ,mﬁ,mQ) -Q (12)
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wherey stands for the reduced mass 24

mamy

mA—i—mp’

and the parameters and 3 for the Ap FSI given by Eq.[(Z0).
Note thatx = 1 in case that FSI effects are neglected.
Thepp— K™ Ap reaction can be directly identified through

the detection of the final particles and, therefore, theeeahr 28.
ready many precise cross section data available in thatiter 29.

[25]26127,28,.29]. These data, displayed in Elg. 7 (rigtié )i
allow a straight-forward determination of the squared tieac

amplitude|.Aq|? by means of Eq[{11). Corresponding resultd!

are shown in Fid.7 on the left hand side. For our purposes i

i
also convenient to parametrize the experimental crosinsec% '
33.

by means of a simple function. This is achieved with

[Ag[? = (1.8940.04) - exp[(1.3440.1) €] - 107 (ub) , (16) 34,

where the parameters were determined by a fit to the datagip

Fig.[4 for energieg<500 MeV. Herex is the excess energy in

GeV. The corresponding curve, including also the FSI via 36,

37.
38.

Eq. (13), is shown by the solid line in Figl. 7.
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