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Abstract. We study the contribution of the Drell mechanism driven By and K~ exchange to the reaction
~N—KKN. Our calculation implements the fuk N and K N reaction amplitudes in the form of partial wave
amplitudes taken from a meson-exchange mod@eN( and a partial wave analysig((V'), respectively. Comparing
our results to data of the LAMP2 collaboration we observé tha Drell mechanism alone cannot describe the large
A(1520) photoproduction rate observed experimentally. Wyeeathat the discrepancy could be due to significant contri-
butions fromK ™ meson exchange with subsequent excitation oftfi&20) resonance. After adding such contributions
to our model a good agreement of the LAMP2 experiment is gebieWhen applying the same model to the recent
SAPHIR data we find an excellent description of #ie& p spectrum and we find evidence for a hyperon resonance with
Mg = 1617 = 2MeV andl'r = 117 & 4 MeV in the K~ p mass distribution.

PACS. 11.80.-m Relativistic scattering theory — 11.80-Et Péstiave analysis — 12.40.Nn Regge theory, duality,
absorptive/optical models — 13.60.Le Meson production. 6A.&] Baryon production —13.75.Jz Kaon-baryon inter-
actions

1 Introduction is crucial that one includes not only “true” background con-
tributions but also available experimental information an

The reactionyN— K K N offers an excellent opportunity for ready well established baryonic and mesonic resonances tha

hadronic spectroscopy. First of all, it allows access toRhe may contribute to the final state. Indeed, a similar strategy

system, a channel which has received much attention rgcefllowed by Drell [12], SOT”%[B] and Krass [14] for thealn
because the exoti®* (1540) pentaquark couples to it. WithySiS Of the reactionyp—=7"p already a long time ago. In
regard to that issue experiments were performed at SPng Particular, Soding [13] suggested that one should coasau
CEBAF and ELSA using either a free or bound target nucledficde! that incorporates the Drell mechanism using avalabl
[1-4]. TheK N system can serve as a source for hyperon re perlmental_mformanon for N—n N elastl_c scattering and
nance spectroscopy. In fact, the most recent data an(tg20) then apply this model to the N —a [V reaction to search for
hyperon quoted by PDG [5] were obtained by the LAMP2 grofi§"V résonances or new phenomena [15, 16].
[6] from the reactionyp— K+ K ~p at photon energiez.8 < The principal aim of our work is to develop a model for
E, < 4.8 GeV. Moreover, the missing mass spectrum methe background to the reactiorV— K K'N by incorporating,
suredimp—K*X atE,=11 GeV [7] indicates manyt andy ~ as far as possible, all presently available and well estabd
resonances and clearly illustrates the promising perssaif €xperimental results. To be more concrete, in the presgerpa
the reactiony N— K K N with respect to hyperon spectroscopye consider the Drell mechanism for the reactiofi— K K V.
Finally, theK K system allows one to investigate mesonic resdhis allows us to take into account the experimental knogged
nances with normal and exotic quantum numbers. Among thé¥ethe reaction amplitudes in th& N and KN subsystems.
are the light scalar mesorfs(980) anda,(980) whose nature Specifically, we can naturally account for the manifestatd
is still under debate [8—10]. resonances in th& N and K N channels. For the former this
The different baryonic and mesonic resonances that can 6encerns, in particular, the(1520) resonance. The results of
cur in the reactionyN—K KN induce a considerable com-our calculation are then compared with available expertaien
plexibility in the overall data analysis. In particular,gsible data on photoproduction of th&(1520) and specifically with
kinematical reflections, but also momenta and angular dutstee X "p and K ~p invariant mass spectra reported by Barber
the final state due to a limited detector acceptance might g&hal. [6].
erate resonance-like structures [11], which do not comedp Within the last year or so several papers have appeared
to genuine physical quantities. Thus, it would be rathefulsethat deal with the reaction N —K KN and/or the photopro-
to construct a phenomenological model that allows to contmbuction of the A(1520) hyperon [17-23]. Most of those in-
and constrain the background as much as possible. Thetebyestigations were driven by the quest for #Be (1540) pen-
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taquark. Though a large variety of reaction mechanisms were . _

considered none of those studies takes into account thé Drel” V\/V\/\/’ """ o KT VVVV\’ """ o K

mechanism based on the fillN and K N amplitudes. In fact, i i

in some worksK exchange is considered but then tReV PKT PKT

and/or K N amplitudes are approximated by tree-level reso- § §

nance and/or t-channel meson-exchange diagrams [19,23]. ) @ ) N N , @ , N

Therefore, our present paper is complementary to those othe

studies and, moreover, it has the potential to provide eoidit

and important information on the photoproduction of fii&’ a)

system. Specifically, it allows for a reliable evaluationtioé

background contribution due t& exchange that is present in = ¥ \ANANANAS B NEEPAVIVV IV S G K™

all such photon induced reactions and thus should be taken in f

account in the analysis of experimental results. K- e
It will be shown in our analysis that the Drell mechanism 5

alone is not sufficient to explain th€ *p and K ~p invariant
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mass spectra measured by the LAMP2 group [6]. SpecificallyN > RO RO
the latter is significantly underestimated in the regionhaf t - -
A(1520) peak. This implies that th&(1520) photoproduction c) “K d) K

cross section is much larger than in corresponding hadron in ~
duced reactions. We then considér meson exchange in con-Fig. 1. Diagrams for the reactionsV — K K N. The Drell mechanism
junction with the excitation of thel(1520) resonance as adfor K exchange with full KNV and KN resonant and nonresonant
ditional reaction mechanism. Within such a scenario it is i§MPplitudes is shown by a) and b). Diagrams c) and d) shoand
deed possible to achieve a satisfactory description ofatgel /<~ exchanges through the excitationsfhyperon resonances only.
A(1520) photoproduction rate as reflected in #iep mass _Note that in the Drell mechanism the diagram c) is naturalijuded
spectrum [6]. in the process a).

The paper is organized as follows. In Section 2 we formu-

late our model to calculate the Drell mechanism. In paréiculsy siem and the squared four-momentgriransferred from the
we specify thek' v and K’V amplitudes that we employ in ourinjia| to the final proton. Furthermord; is a form factor that
investigation. Section 3 presents a comparison betwegh avaccounts for the offsheliness of tie- p scattering amplitude.

able data oni"p and K ~p invariant mass spectra from therys torm factor is taken in the form proposed by Ferrari and
reactiony N— K K NV with our results based on the Drell mechggjeri [24]:

anism. We also consider additional contributions which g« a

sume to be due td&™* meson exchange. In Section 4 we ap- 1

ply our model to the recent SAPHIR data fgy — KT K ~p. F(t) = L4+ (m2% —t1)/to

We demonstrate that from these data one can indeed deduce

the parameters of a hyperon resonance, probablyl(h600). We fix the cutoff parametey, via a fit to data on the total re-

A comparision with new data from the CLAS Collaboratiorction cross section foyp— K+ K ~p. The resulting value is

is presented in Section 4. We summarize our results with dyrF0.33 GeV, which corresponds to a cutoff massf 0.76

Conclusion. GeV within a standard monopole form factor. Th& ™K~
vertex contains no form factor because of the Ward identity.
The amplitude for-channelk + exchange has the same struc-

2 The Drell mechanism and the KN ture except that thefiy+,, enters and, of course, the form fac-

reaction tor F' in the KN — KN vertex could be different as well.
We implement current conservation by adopting the prescrip

The Drell mechanism for the reactionV— K K N is shown tion of deForest and Walecka to replace the longitudinal cur

by the two diagrams a) and b) in Fig. 1. Only the exchangBtd - J(q) by j°(4)q"/q [25], whereq denotes the photon
of charged kaon&+ and K — contribute to the reaction, since™omentum. This corresponds to the addition of an appropri-

photons do not couple to neutdgimesons. However, the rescafit€ contact interaction between the photon, kaon, and onicle
ote, that such contact terms arise also in the formalism of

tering amplitude includes both elastic scattering andgdax- : ;
change. The amplitude farchannel K~ exchange is given Haberzettl [26] which was recently applied to the photopro-

)

. duction of kaons in the vicinity of the pentaquark [27], tigbu
as [12-14] ) ; e fd o
one must say that in the latter case this prescription iscbase
eTx—p(s2,t2) F(t1) on the Ward-Takahashi identity while it is essentially ad o
M- = —2¢, @1 g (1) ourcase.

2
= mic In case of kaon exchange the elementdsy\ and K N)
wheree,, is the photon polarization vectay; is the momentum scattering processes take place even farther off-shellttizse
of the K™ meson in they N c.m. systemt; is the squared four- in the reactiomyp—=7~p. Still we believe that it is a good
momentum transferred between the photon anditfiemeson working hypothesis to use the on-shell amplitudes in Eq. (1)
andT'x -, is the K ~p scattering or charge exchange amplitudéut take into account the offshellness of the actual eleamgnt
which depends on the squared invariant massf the K ~p reaction effectively by introducing a form factor. It reststhe
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expectation that the, (andt;) dependence of the elementarywhereG and H are the spin-nonflip and spin-flip amplitudes
amplitudes, c.f. Eg. (1), remain largely unchanged when tf#4], respectivelyP;(cos 6) are the Legendre polynomials and
reaction takes place off-shell. This expectation is sutgabloy 6 is the scattering angle in the c.m. system. The partial wave
experience with other reactions. For example, one knowa fr@amplitudes (for theik N as well as thek N systems) are de-
meson-production reactions iINN collisions pp — ppz,  fined as

=m,n,n ...)that the energy dependence of the reaction cross N .
section is strongly dominated by the energydependence of 7t exp(2id;) — 1
elasticpp scattering, even though in the production reaction the ! 2i ’

relevantp interaction in the final state takes place far off-shell, n " _ . _
see, e.g., Ref. [28]. wheren;~ andé;~ denote the inelasticity and the phase shift,

In the Drell formulation all possible resonances coupled f§SPectively, for the total angular momentufe-=1/2. The
either thek N or KN channels enter the calculations througfflation between the invariatt and H scattering amplitudes
the KN—KN or KN—KN scattering or charge exchangé‘nd various scattering o_bservables can be found, fo_r exampl
amplitudes. Keeping in mind that the available data on hyper N Ref. [34]. An application of thf partial wave amplitudes t
resonance properties are quite uncertain [5], calculatigin the analysis of the reactiopp—z "7 "p for the Drell mecha-
lizing the experimentally availabl& N— K N amplitudes at NiSM contribution using the Soding model is described aitle
least allow one to incorporate the best phenomenologitatin N Ref. [15]. Note that the partial wave decomposition isegiv
mation into the treatment of the reactiol —K K N. In that I the isospin basis and therefore any of the final channels of
respect the Drell mechanism provides consistency between 1€ réactionyN—K K N can be calculated.
data onk N— K N elastic scattering anl K N photoproduc- ___In our investigation we use th& N amplitudes from the
tion. Similar considerations hold for tHe N system. Julich meson-exchange model. A detailed description ef th

Originally Soding [13] proposed that one parameterizes tfpodel is given in Refs. [35,36]. The model yields a satisfac-

invariant elastic amplitude (in our ca®g  andT v) directly tory reproduction of the available experimental inforroaton
from the data on the total cross section, by exploiting the elastic and charge exchang@V scattering including angular

(6)

optical theorem, spectra and polarization data_up toan inv_ariant mass dttve
system of,/s;~1.8 GeV. For higher energies we adopt the phe-
Tin(s2,t2) = —2iq2y/53 Tror(s2) exp (bta), 3) nomenological ansatz given by Eq. (3) utilizing experinaént

data compiled in Ref. [37]. Let us mention in this contexttha

wheres, is the KN (K N) invariant mass squareg, is the the KN amphtud_e_from the_ J[_]Ilch model was used by_us re-
modulus of the c.m. momentum ang is the squared four- cently for determining new limits for the™ pentaquark width
momentum transferred from the initial to the final nucleoffom the data available for th& ™ d— Kpp reaction [38] and
Hereb is the exponential slope of thelependence taken from@IS0 for an analysis of the DIANA experiment [39], where the
the data. This approximation is, in principle, sufficiencegcu- ©* Pentaquark was reportedly observedA™ meson colli-
late the energy dependence of the reaction andsthe(kK N) Sions withX e nuclei [40]. Therefore, as an advantage, our ap-
mass distribution. However, for an application involvings Proach offers the possibility for the self-consistent irseon of
on certain momenta and angles one needs the specific defe@© " pentaquark via thé{ ' scattering amplitude, where
dence of thé< N (K N) amplitude on those quantities and thethe _Iatter has already been developed and compared to other
the simpleexp (bt) ansatz is not adequate. available data [38,40].

In order to circumvent this problem Berestetsky and Pomer- 1he KV amplitudes are reconstructed from the result of
anchuk [29] and also Ferrari and Selleri [30] proposed that 02 Multichannel partial wave analysis (PWA) [41] availaltie f
parameterize the invariant scattering amplitude direstiyn 11V scattering for invariant collision energies 1485, <2.17

differential elastic scattering cross section data: GeV. For,/5;<1.48 GeV we adopt thé-matrix solution of
Martin and Ross [42], which satisfactorily describes ahliav
) 5 doei(s2) able experimental results below the energy of 1.48 GeV. The
[Tk (s2,12)]" = 647 825 T (4)  K-matrix solution includes onlyg-waves for the/=0 and/=1

channels. However, the data shown in Ref. [42] illustra#d th

At least this approximation allows one to account for many dfor v/s<1.48 GeV the contribution from higher partial waves
tails of the nuclear reactions and to reconstruct geneaaiifes 1S small. _

of the underlying dynamics [31-33]. However, even this form The usefulness of the Drell approach with respect to ana-
is not suitable for the present case where two different amgyZing the data becomes obvious by first looking at results fo
tudes connected witik+ and K~ meson exchanges, respecthe cross section of the reactiolis p— K ~pandK ~p—K°n,

tively, enter the calculation coherently. shown in Fig. 2. Here the experimental information, takemrfr
Thus, the most consistent way is to use the partial walifs: [5,43,44], is compared with calculations utiliziig to-
decomposition of the scattering amplitude given by tal KN scattering amplitude of Ref. [41] (solid lines) with
results that take into account only the contribution frora th
1 N B Dy3 partial wave (dashed lines). (We use here the standard
G(s2,0) = % Z[(l + 1T, (s2) + 1T} (s2)| Pi(cos b), nomenclaturd.;,;.) Note that theDg3 partial wave contains
g the ((JF) = 0(27)) A(1520) resonance with nominal mass
His,0) = S0 ST (52) — Ty (2)] dPi(cos) gy 1519.5+1.0MeV and full width15.61.0 MeV [5]. While the

72 4 dcosf K~p— K ~p reaction shows almost no trace of tH€1520),
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in Fig. 1) — as it is the case in so-called resonance models — is
definitely not realistic, since there are significant noanast
contributions to the scattering amplitude. In this contektus
emphasize that th& N — K N amplitude contains large contri-
butions from higher partial waves. Fig. 3 shows the angutard
tribution of the K~ mesons in the c.m. system of the reaction
K~p— K ~p reaction, which clearly manifests the increasing
importance of higher partial waves with increasing invatia
collision energy,/ss.

With the partial-wave decomposition for the amplitudes
and H given in Eq. (5) the differential cross section can be
readily evaluated for the specifidy; partial wave where the
A(1520) resonance occurs:

— I - -
c [ K'p—=>K'p

2

Lo (2) (30082 041) . (7)

q2

= |G +|HP =

The resulting angular dependente.3 cos? 6, is shown by
the dashed lines in Fig. 3, arbitrarily normalized to theadét
is evident that the+3 cos? # function alone does not describe
the data at/s=1520 MeV; additional contributions, from other
partial waves, are required. The solid lines in Fig. 3 repnés
results with the total reaction amplitude, i.e. with all {er
waves including theDys. It is interesting to note that while the
A(1520) resonance remains almost undetectable ikthg —

K ~p reaction cross section shown in Fig. 2, because of the
large background, this resonance can be well reconstriroted
an analysis of the angular distributions. A detailed dismrs

I DY B = T.9
sy%(GeV) 1 |
. — . . 0 0
- - - 0 i i
Fig. 2._The.K p—>l_{ _ pandK p—K'n cross sections as a function i 312/2: 1.50 GeV i s;”: 151 GeV
of the invariant collision energy. The solid lines show ttesbased on H

the full reaction amplitude, while the dashed lines indicaedntribu-
tion from theDy3 partial wave alone. The data are taken from Refs. [570
43,44].

the charge-exchange reactidim p— K%n clearly indicates a
resonance structure. This difference can be understood-by r
calling that the reaction amplitude for t&~ p— K —p channel
consists of (half of) the sum of the=0 and/=1 amplitudes,
while the K —p— K %n reaction is given by (half of) their differ- © 1

ence. Since botli=0 and /=1 amplitudes contain large non- [
resonant contributions, it turns out that this nonresobank- 8l
ground cancels to a large extent for thie p— K °n amplitude.

Fig. 2 demonstrates quite strikingly that the contributibthe

Dy3 partial wave to thelX —p— K ~p reaction is almost neg- '
ligible compared with the nonresonant background, whse it AL
contribution to the charge-exchange channel is sizeable. [

This observation suggests that kaon exchange (viz.thé Drel 2

/dQ (mb/s

»

mechanism) should not produce a pronoundétl520) sig- i Cx J

nal in the invariant mass of th& ~p system for the reaction ol P N N B
vp—K*K~p but only in theyp— K+ K% channel. Conse- -056 0 05 1
guently, if the reactionp— K ™ K ~p does indeed show a sub- cos ¥

stantial effect of the1(1520) resonance, itis a strong indicatioRiq, 3, pifferential cross section fok ~p scattering as a function of
that mechanisms other than the Drell mechanism dominate {hex — meson scattering angle in the c.m. system for differentriava
reaction [6]. ant collision energies,/sz. The solid lines show results based on the

Fig. 2 illustrates also that any model calculation of thesreafull reaction amplitude, while the dashed lines indicatedrstribution
tion yYN—K KN where the employed® N —K N amplitude given by1+3 cos® § normalized to the data. The data are taken from
is constructed from hyperon resonances alone (cf. diagjanRefs. [43,44].
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0.5

T 2 3 4 5 6
E, (GeV)

Fig. 4. Cross section of the reactiop— K ™ K ~ p as a function of the
photon energy. The dashed line is the result obtained withnatant
reaction amplitude while the solid line shows the resulttfa Drell

mechanism. The symbols represent data collected in Réf. [46

v

of the K~ meson angular spectra at energies around{i&20)
resonance is given in Ref. [45].
Fig. 4 shows the cross section of the— KK ~p reac-

tagged photon beam with an energy28, <4.8 GeV. Figs. 5,6
show the invariant mass spectra for thie p and K ~p subsys-
tems. Note that for the photon energy of 4.8 GeV the maxi-
mal invariant mass of th& N system ranges up to roughly
2.65 GeV. The experimentdd —p mass spectrum is provided
only up to~1.65 GeV in Ref. [6], while the data for thE€*p
mass distribution are given over almost the whole available
range.

The dotted lines in Figs. 5,6 represent the phase space dis-
tribution

do  AV2(s, 55, m3 )N 2(s2, m%, m%)

IMP?,  (10)

dsy 2873 559 (s —mi)

evaluated for the fixed averaged photon energy of 3.8 GeV
and assuming a constant reaction amplitude, Ae—const.

In our notation the invariank’ N massM (K N) is given by
M(KN)=,/5;. Since the experimental results are available
only with arbitrary normalization we adjust the amplitutieto

the K~ p background at invariant masses above the resonance
structure corresponding to thi€1520), i.e. around 1570 MeV.
The same normalization factor is then used also in the evalua
tion of the K *p mass spectrum.

From Fig. 5 it is obvious that the phase space distribution
differs from the measured mass dependence ofdhe spec-
trum. On the other hand the measurement exhibits large fluctu
ations and therefore it is hard to say to what extent the strac
of the data reflects underlying physics or whether it is sympl
a consequence of poor statistics. Nonetheless, it appeatrs t
there is an excess of events at high p invariant masses. Note

tion as a function of photon energy. The circles represent ex

perimental information collected in Ref. [46].

The totalyp— K+ K ~p cross section is given by integra-

tion of the Chew-Low distribution [47]
do [ Mgi+Mg-|? A2 (s9,m2.,m3;) ®)
dsydt; 2973 (s — m3)? S ’
where the function is defined by
x—y—2z)%—4dyz
Aavy,z) = LoV Z e ©

4z

The dotted line in Fig. 4 is the result with a constant invari-o

antyp— K+ K ~p reaction amplitude, i.eM=const., suitably
adjusted to the data The full calculation (solid line in F4g.

reproduces the energy dependence of the data reasonably wel

from threshold up to a photon energye5 GeV —i.e., over the

whole energy range covered by the LAMP2 experiment. Also  1gq I
in this case the absolute value of the model result was atjust
to the data, namely by tuning the cutoff mass in the form facto

Eq. (2), cf. above. Indeed, the experimertaV invariant mass

spectra which we want to investigate with our model are given

without absolute normalization, so that the overall noirzal
tion is irrelevant for our application anyway.

3 Invariant KN mass spectra from the
reaction yp—KTK™p

vp —> K'K™p

N
o
o

M (events GeV™")
W
o
o

~ L
=Z 200
'O -

1.4 1.6 1.8 2 22 2.4
M(K*p) (GeV)

Fig. 5. The K ™ p invariant mass spectrum from the— K™ K " p re-
action. The dotted line is the result obtained with a coristaaction
amplitude for the fixed photon energy 3.8 GeV. The dashedsliosvs
the result for the Drell mechanism, while the solid line isaoed af-
ter inclusion of additionak{™ meson exchange fat(1520) produc-

The K+p and K ~p invariant mass spectra were measured Bign. Here the photon energy is averaged ovekZ:8<4.8 GeV in

the LAMP2 Group [6] in the reactionp— K™K ~p with a

consistency with the experiment. The data are taken from[Blef
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trum of the K~ p system and we use again the same normaliza-
vp —> K+K'p tion for thel_(‘p and_K+p results_. Also, our calcylations were

developed in line with the Sdding model [13] in order to al-
low for possible kinematic cuts and simulation of the deiect
acceptance of current experiments. The integration ovaseh
space is based on the Monte-Carlo method that allows one to
construct an event generator. That is why the calculatioas a
shown as histograms.

The results in Fig. 6 make it clear that additional reaction
mechanisms need to be considered if one wants to describe
the experimentak ~ p invariant mass spectrum. To account for
such additional mechanisms we resort herd(tb meson ex-
change with subsequent excitation of th@d 520) resonance, as
depicted by the diagram d) in Fig. 1. Indeed, the experimenta
helicity-frame angular distribution of th&(1520) decay for the
reactionyp— KT K ~p [6] strongly suggests thdt™* exchange
should play an important role. Note, however, that while our
‘ calculation of the Drell mechanism is considerably coriséa
: '45~ e T '6' a—— by experimental informatio_n on th& N an(_j.f{N amplitude

’ ’ : _ N and therefore can be considered as a solid background for the
M(K™p) (GeV) reactiory N— K K N, this is not the case for th€* exchange
Fig. 6. The K p invariant mass spectrum for the reactioPecause there are no data on the reachortN — KN (or
vp— KT K~ p. Same description of the curves as in Fig. 5. The thik *N — K N). Furthermore, it is possible that many different
solid line indicates the contribution of 41600) Py; resonance, dis- A andX’ hyperon resonances are excited in{dé— K K N re-
cussed in Sect. 4. The circles are data taken from Ref. [6]. action through* meson exchange. But the relevant coupling
constants of théd* meson to the hyperon resonances are com-
pletely unknown. Thus, the best one can do is to start with the
that the incident photon energy distribution in the experitis general structure of th&™* exchange amplitude for hyperon
proportional toE; ' and, therefore, naively one expects morgesonance photoproduction and to fit the unknown parameters
events at lowK Tp masses. Fortunately, th€ —p data them- to the presently available data. For reasons of simplicéyde-
selves indicate a possible explanation of that problem,eihamcided to take into account only the excitation of th€l520)
the presence of a clean resonance structure arddigl —p) resonance. This has the advantage that one can at leaseuse th
=1520 MeV and probably at arourdd (K ~p)=1620 MeV, cf. available data on the reactiop — K *(1520) to constrain
Fig. 6. One would expect that a large contribution at l&wp the parameters. Details about the structure of the emplayed
masses, like that associated with th@520) resonance, would exchange amplitude are given in the Appendix, together avith
be kinematically reflected in th& +p mass spectrum and caus€omparison to thep— K+ A(1520) data.

a substantial shift to highe¥/ (K * p) values in the latter. We should also mention that, of course, it is only an as-
Within an analysis based on the Drell mechanism the resmmption that the needed additional contributions comm fro
onances af/ (K ~p) = 1520 MeV andM (K ~p)=1620 MeV  * exchange alone. In principle, any other meson exchange

enter via the elastié& ~p— K ~p scattering amplitude. Indeedcould contribute as well. And even scenarios like thoseidens

the partial wave analysis includes th§1520) J”=2" and ered in Refs. [20,21], where the bulk of the — K A(1520)

A(1600) Jp:%+ resonances in th&; and theP,, partial cross section is generated by contact terms, are possible.

waves, respectively. However, the elastic scattering data ~ The solid histograms in Figs. 5 and 6 represent Afiep
picted in Fig. 2 as well as th& ~p amplitude of the PWA do andK ™ p invariant mass spectra evaluated withand 5 me-
not show any obvious signal of those resonances, as alre&@§ exchanges. The calculation reproduces quite well the ex
pointed out earlier. Therefore, we do not expect that a ealdierimentalk ~p invariant mass spectra. Note that we do not
lation based on the Drell mechanism will be able to reprodutilude theA(1600) resonance excitation vid* meson ex-
these resonances as observed infthey invariant mass spec- change since there is no experimental information about the
trum of the reactionp—K ™K ~p. energy and-dependence of its production and also no data on
This is indeed the case as can be seen from our restii€ Spin density matrix. As a consequence our calculatien un
for the Drell diagrams which correspond to the dashed hiderestimates th& ~p spectrum in the corresponding invariant
tograms in Figs. 5 and 6. Obviously, there is only a smalfass region. However, we will come back to this issue in the
hardly noticeable enhancement in thie p mass spectrum due Next section.
to the A(1520) resonance and the same is the case also for theThe inclusion ofK™* meson exchange also improves the de-
A(1600) resonance. ThE;1 factor of the photon energy dis-scription of theK *p invariant mass spectrum. In particular, we
tribution is now included in the calculation and it is obvounow find a noticeable enhancement at higher invariant masses
from Fig. 5 how the spectrum is shifted to lowrp invariant However, we still underestimate thi€ *p mass spectrum at
masses because of that. Note that the results were norohalizenasses above 1.8 GeV. The discrepancy might be related to
such a way that we are in line with the low invariant-mass spebe production of other hyperon resonances with massesabov

» (o] [04]
o o o
(@] (@] o
T T

dN/dM (events GeV™

200
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1.650 GeV, i.e. in thd{ ~p invariant mass region not covered
by the LAMP2 experiment [6]. If such resonances can be pro% 400
duced byK™* meson exchange they would be seen inkfep
invariant mass distribution — and adding their contribusido
the yp— K™ K~ p amplitude might improve the description of j'_)

the K+p mass spectrum. However, at this stage and withou® 300
data, this remains pure speculation.

ven

Number

4 Application to the SAPHIR data 200
As a first application of our model and in order to demonstrate
its potential for future analyses we present here a compari-
son with data on the reactionN— K K N taken recently by
the SAPHIR collaboration at ELSA (Bonn). Their study of the
channehp— K K%n was among the first which revealed ev-
idence for the9™(1540) pentaquark [3]. However, the group
has also provided invariant mass spectra forihiep and K Tp

100

systems from the reactioyp— K+ K ~p [3,48] which we want 0
to analyze now. In their experiment the photon energy rasge i 1. . :
1.74<E,<2.6 GeV, i.e. significantly lower than in the LAMP2 M(K"p) (GeV)
experiment. %) P

The results of our model (including both the Drell mech-c vp > K'K'p

anism and thes* exchange contribution) are shown in Fig. 7 %

for the SAPHIR experiment. Since the data are without abso?

lute normalization we readjusted our model predictiondo t '© 750
maximum of theK Tp invariant mass spectrum. It is obvious S
from Fig. 7 that theK ™p mass spectrum is nicely reproducedo
over the whole invariant-mass range. Moreover, at the sante
time (and with the same normalization) there is also exneIIeZ:’ 500
agreement with thé& ~p spectrum in the region of th&(1520)
resonance, as well as at high invariant masses, cf. Fig.w- Ho

ever, there is some excess in the experimental mass spectrum
around 1600 MeV. If one subtracts the model prediction from

the SAPHIR data one obtains the results shown in Fig. 8. It is
interesting to see that this difference strongly resemdless-

onance signal, something one would not have guessed easily
from the original data in Fig. 7. Fitting this difference wia .
relativistic Breit-Wigner amplitude Eq. (19) yields thelwes 0 e
1.4 1.5 1.6 1.7 1.8 1.9
Mgr =1617T+2MeV, [r=117T+4MeV, (12) M(K_p> (Ge\/)

with a y2 per data point of2/N=4. The largey?/N reflects Fig. 7. The K*p and K~ p spectra for theyp—K™* K p reac-
the considerable fluctuation of the data. tion measured by SAPHIR Collaboration [3,48]. Same desoripf

We are inclined to identify this structure with th&1600) Curves asin Fig. 6.
Py, resonance [5], though we are aware that further and more
careful analyses are needed in order to substantiate silaia c
specifically because the PDG lists also other hyperon resmsaRef. [6], as shown by the thin solid line in Fig. 6. One can see
in this energy region [5], e.g. thE(1580) and¥(1620). Inde- that its contribution is indeed consistent with these datay-
pendently of that, we believe that this particular caseaalye €ver, the figure also underlines our earlier statement tieat t
demonstrates very clearly the power of a reliable model fgata from [6] are not sufficiently precise to allow an extiaet
the background to the reactioniV— K K N in the analysis of Of resonance properties for invariant masses abové((h&20).
experimental data. Two further short comments are in order: Coming back to thel "p mass spectrum of the SAPHIR
First, the SAPHIR collaboration is in the process of analgzi collaboration we would like to emphasize that its dependenc
the A(1520) signal in their data [49] and, second, we speculatm the invariant mas&/ (K *p) is rather smooth up to the high-
that the sharp signal on the left side of Fig. 8 is related & tlest values as can be seen in Fig. 7. Therefore, we believe that
excitation of theA(1405) throughK™* exchange. This deserveghe structures seen in the corresponding LAMP2 data, cf5rig
further study. are most likely fluctuations associated with low statistidsis

As a consistency check, we have added the contributionaaincerns presumably also events at those higher invarazsges
the A(1600) resonance to thi€ — p invariant mass spectrum ofwhich are not covered by the SAPHIR data. Anyway, it would



8 A. Sibirtsev, J. Haidenbauer, S. Krewald, U.-G. MeiRneat ArwW. Thomas:K K photoproduction from protons

N
o
o

Difference

100

14 15 1.6 1.7 1.8 1.9
M(K™p) (GeV)
Fig. 8. The difference between the SAPHIR data [3,48] for Kiep

invariant mass spectra ofp— K+ K ~p and our model prediction.
The solid line indicates the fit with a relativistic Breit-g¥ier function.
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Fig. 9. The K~ p spectrum for the reactionp— K+ K~ p as mea-
sured by the CLAS Collaboration [50]. The open and closedesr
show results obtained with different criteria for the filstdte particle
reconstruction. The data are not efficiency corrected. Tid &is-
togram is our calculation for the photon energies<F.,<3.8 GeV.

be interesting to explore this region again experimentaiti

5 Application to the CLAS data

Recently also the CLAS Collaboration reported [50] new re-
sults on the reactiofp— K+ K ~p for photon energies df.8 <
E,<3.8 GeV. However, unfortunately their data are not effi-
ciency corrected [51]. Thus a direct comparision of our itssu
with those data and specifically, an analysis similar to the o
for the SAPHIR data with the aim to extract possible contribu
tions from hyperon resonances is not possible at this s&iije.
we find it interesting to compare the prediction for tkie p in-
variant mass spectrum resulting from the Drell mechanistim wi
those data.

The solid histogram in Fig. 9 shows the result of our cal-
culation based on the diagrams a) and b) of Fig. 1 and taking
into account additional contributions to th&1520) produc-
tion due toK *-exchange. The uncorrected experimental spec-
tra are from Ref. [50], where the two sets of data points (open
and closed squares) were obtained by using different ierfi@r
the final-state particle reconstruction. For the compamisie
normalized both sets of the data and our calculation at the ma
imal yield of the A(1520) resonance. Our calculation clearly
indicates that thé{ ~p mass spectra at8<E, <3.8 GeV pro-
vide an excellent tool to identify possible additional aini-
tions from high-mass hyperon resonances. Also, an addition
measurement of the angular spectra in the Gottfried-Jackso
system at fixed< ~p masses would provide valuable informa-
tion for the hyperon resonances spectroscopy. Thus, itheill
interesting to analyze the CLAS data within our model once
these data are efficiency corrected. Only then concretdiwonc
sion can be made.

6 Conclusion

We have studied the reactionlV— K K N utilizing the Drell
mechanism and taking into account the full reaction amgéitu
for the KN and KN subsystems. Our results show that the
Drell mechanism for kaon exchange alone is not sufficient to
describe the available data on thie¢ p and K ~ p invariant mass
spectra. Thus, we have includéd meson exchange as an ad-
ditional reaction mechanism. By assuming a lak§fecoupling
to theA(1520) resonance a quantitative description offhep
invariant mass spectrum can be achieved. Moreover, ourimode
calculation also yields a good overall reproduction of tress
section data for the photoproduction of th€1520) resonance,
i.e of its energy and-dependence.

In the paper by Barber et al. [6] it was argued, based on the
measured distribution of th&(1520) decay into th& —p chan-
nel in the Gottfried-Jackson frame, that kaon exchangeealon
cannot account for thel(1520) production mechanism. Our
investigation, utilizing the Drell mechanism and expeniriad
information on the’k’ N and K N scattering amplitudes, can be
considered as an independent confirmation of this conaiusio

The A(1520) excitation in photoproduction illustrates an
aspect that is also relevant for discussions concernin@the
pentaquark. While thel(1520) resonance remains practically
undetectable i ~p elastic scattering (see Fig. 2), the reso-

much better statistics than what was available in the LAMRance is clearly visible in the photoproduction reactioovan

experiment.

in Fig. 6. Evidently, the difference between elastic scatte
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and photoproduction must involve reaction mechanismsamnch  Let us first specify the amplitude for the elementary reac-
nels which are not accessible in elastic scattering — sutiheastion vp— K+ A(1520). We use phenomenological helicity am-
K* meson exchange which we assumed in the present stuyalifudes for the singleé-channel meson exchange Regge pole
The situation for9*(1540) production might be similar. Dif- for the procesab—12,
ferent reaction mechanisms/channels could be quite aal¢at
the©* excitation and, consequently, could be a natural reason Mj;jb“(s, t1) = =V (t1) R, (s, t)Vi, () - (12)
why the pentaquark was observed in some experiments but not
in others. The1(1520) photoproduction is an excellent examH-ereR; is the Regge propagator for the exchange of the meson
ple of such a situation. Clearly, at present, in either chsed¢- <,
action mechanisms governing the photoproduction are rtot ye (1) = (t2)]
identified and, moreover, there are no reasons to believe tha g, (s, ¢,) = — CXp| 1Tz N1
they might be similar, let alone the same. 2 sin[mag (t1)] I'lla—a(t1)]
ony?as—a: 2;&%?8'2?3226‘3’\/?] t?]?[%ﬁngpzr%iénegi\slésp:r:sz%ae\ﬁv%eresﬂ” andl, are the spin of the exchanged meson anql the
lent description of thel*p mass distribution for all energiesSpln OI the lowest itate of the Regge traje_ctory,hrespdynve
and theK ~p mass distribution in the vicinity of the (1520) For K" meson exchange we usg-=1, Ix-=1. The Regge
resonance and for energies above 1.7 GeV. We have shown H]adf:ctorya;( - istaken as
the remaining strength can be well described by a resonance
with the parameters given in Eq. (11) - this state could be the
A(1600) Py resonance of the PDG listing. ~ witha’=0.9 GeV2 andm- = 892 MeV. The vertex function
Since our model allows us to study not only the invariant js parameterized as
mass spectra but also momentum and angular distributions of
the final particles, it is also possible to compare the moelel r VA () = BNty — tpin] M N/2, (15)
sults with more exclusive (i.e. differential) data and teds-
tigate the possible role of the detector acceptance and kimghereg3, is a helicity coupling constant artg,;,, is the min-
matical cuts in the extraction of specific resonances, liee timal four-momentum transfer. The last term in Eq. (15) en-
©1(1540) pentaquark, from present or future experiments [52Lires that the spin flip amplitude vanishes at forward doact
In principle each vertex should be dressed with a form factor
which can be determined from thedependence of the exper-
Acknowledgments imental data. When the masses of the initial and final pasticl

. ] . ] are different, i.em;#m, andmso#m; then
We would like to thank D. Diakonov, K. Hicks, N.N. Nikolaev,

W. Schafer and S. Stepanyan for useful discussions. We are (m2 —m?)(mi —m3)
grateful to J. Barth, F. Klein, M. Ostrick and W. Schwille for bmin = — s : (16)
supplying us with the SAPHIR data and for comments. This
work was partia”y supported by the Department of Energy un- Finally, the differential cross section for the reactidn-12
der contract DE-AC05-84ER40150 under which SURA opef given as
ates Jefferson Lab and by Deutsche Forschungsgemeinschaf
through funds provided to the SFB/TR 16 “Subnuclear Struc- %7 _ 1 Z |MA1Aa|27(17)
ture of Matter”. This research is part of the EU Integrated In @t (254+1)(2s5+1)64mA(s, m2,mg) 4= 2%
frastructure Initiative Hadron Physics Project under cactt
number RI13-CT-2004-506078. A.S. acknowledges support lashere s, and s, are the spins of the initial particles and the
the COSY FFE grant No. 41445400 (COSY-067). summation is over all helicity amplitudes. Within this apach
it is straightforward to include any meson exchange and any
initial and final states. A detailed comparison between rhode
A The K* meson exchange contribution calculations and data from pion and kaon induced reactiens a
given in Refs. [53-56].
In this appendix we specify th&* meson exchange contri- ~ The principal uncertainties of this model are due to the
bution to the reactionp— K K ~p used in our model calcu- unknown helicity couplings and possible contributionsniro
lation. Since the energy range where the experimental-infefferent exchange trajectories. The model parametersean
mation is available2.8<FE,<4.8 GeV, is already too high for fixed only by comparison with available experimental result
employing effective Lagrangians [23], we resort to Regge-phFor instance, the energy dependence of the reaction cross se
nomenology. The reaction mechanism is depicted in Fig. 18pn is driven by the energy dependence of the Regge propa-
where we take into account only the excitation of th@520) gator, which can be used for fixing the exchange trajectories
resonance. This has the advantage that we can use availdbleyp— K A(1520) reaction cross section was measured [6,
data on the reactiofp— K~ A(1520) to constrain the free pa-7] and is shown in Fig. 10 as a function of the photon energy.
rameters. Clearly, other hyperon resonances could cotdréds The dotted line shows the cross sectioan;f; =const.
well and there should be also a nonresonant backgrouridfor ~ For K* exchange thé(* K~ coupling constant can be de-
exchange. However, it is impossible to constrain thosercontermined from the<*— K~ decay, but the couplings and possi-
butions from data and therefore we leave them out altogethdsle form factor at thé<{* N A(1520) vertex are unknown. These

[o's]" ") (13)

ag =1+ (t—m3.), (14)

i
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uncertainties allow enough freedom to reproduce the atesolu
normalization of the data. Also, the energy dependenceef tg™
reaction cross section, and theependence of the differential
spectra and density matrix elements can be fitted simultang> 0
ously resulting in a quite reasonable determination of the f } ---------------------------------
parameters. 3
The dashed line in Fig. 10 shows the result frAh meson
exchange. It is in line with the data over the photon energys
range covered by the LAMP2 experiment. In this particular> 1
fit to the data we omitted form factors at the vertices but ado
justed instead the overall normalization of the total atogi.
Let us mention though, that in principle the coupling contta
for each helicity amplitude should be different [53].
Additional information on the reaction mechanism is con- 10"
tained in thet-dependence. Note that the vertex functions of
the helicity amplitudes given by Eq. (15) are proportioral t
(—t)™/2 with n=| X\, —\.|+|A\2— | being the net helicity flip.
This implies that the spin flip amplitudes vanish at forward d

vp —> K*'A(1520) 2.8<E,<4.8 GeV

rection and increase witft|. Data on the differential crosssec- 2. . . . . . . . . . . . . . .
tion for yp— Kt A(1520) as a function of, the square of the 0 0.2 0.4 0.6 20~8
four-momentum transferred, for photon energies<2.B, < —t (GeV?)

4.8 GeV [6] are presented in Fig. 11. The dashed line is Oil'rg. 11. Theyp— K+ A(1520) differential cross section as a function

result without form factors. Apparently it is in disagreeme ot _; The curves are results of model calculations with meson

increases withjt[, which is an unphysical dependence exhibrhe data are from Ref. [6].
ited by the lowt Regge model. Thus, to describe the data one
needs to introduce form factors. We take those form factors t
be F(t) = exp(3t) for all helicity amplitudes. Furthermore wetroduce absorptive corrections [53,57,58] that allow aneet
assume that the form factors do not depend on the photon groduce the-dependence phenomenologically.
ergy. This assumption is not necessarily correct becal® ot The solid lines in Figs. 10 and 11 show results fer —
higher-masg meson exchanges might contribute and could g+ 4(1520) calculated with the inclusion of the form factor
dressed with different form factors. Alternatively one d¢an F(t) = exp(3t) for each helicity amplitude in Eq. (12). Now
the differential cross section is well reproduced by the etod
However, at the same time the description of the integrated
Py cross sections deteriorates somewhat. In order to achiget a
-% vp —> K*A(1520) ter overall description of the experiment one could eitieedr
= just the K* meson exchange trajectory or assume that the form
b I factor depends also on the energy. The latter case is more nat
i ural since the data generally indicate that the slope oftthe

dependence depends on energy. Experimental results on the
energy dependence of the slope of tikdependence for differ-
ent photoproduction reactions are reviewed in Refs. [5—61
Anyway, for our purpose the semiquantitative descriptién o
the data onyp— KT A(1520) as given by the solid line is suffi-
cient and, therefore, we refrain from exploring furtheriops
at this stage.

Once the amplitude foyp— K+ A(1520) is established we
can then construct the reaction amplitudefor vyp— K+ K ~p.
Itis given by [62]

M(Sat1565¢) § 14;\21;\: (Satl)GQ(SQ)lu;\f)\d(éa¢)7 (18)
1 . A
10 PSS R S S S RS S SR S [ SR S S S RS SRS 2

E, (Ge\/) WhereM;\;;\: is the production helicity amplitude given by
Fig. 10. The cross section for the reactiogp— K+ A(1520). The dot- Eq. (12) andM jjAd is the amplitude corresponding to the de-
ted line is the result obtained with constant reaction amgdi. The cay of the resonant stafewith helicity s into the systemd
dashed line shows the calculation wifi* meson exchange without with helicities\. and )\, respectively. Furthermoré;; is the
form factor and the solid line is the result obtained withnfidfactor. propagator of the resonant state ands the invariant mass of
The solid circles show data from Ref. [6]. the 2—cd decay products. The propagator is parametrized in
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a Breit-Wigner form with an energy dependent width as pras.
posed by Jackson [63], 27.

maol'(1/52)
S3 —m3 + imaI'(\/s2)

wherems is the resonance mass and the energy variation of ${&
width is given by 3L
32.

28,
(19) 9.

GQ(SQ) =

)\1/2(82 m2,m2) 2l+1p(\/5) 33.
r =T » o) d . (20
(v2) °{A1/2<m%,mz,m§>] om0,

In the latter formuld is the orbital angular momentum of the
2—cd decay andl is the width at,/s;=m., while p(,/s2)
is a factor varying slowly with energy given by Glashow angg
Rosenfeld as [64]

_ 37.
(\/8_) - |:X2+)‘(527mgam§):| : (21)
PV = s 452

38.
with the parameteX =350 MeV fixed from a fit of the bary-

onic resonances in the context of unitary symmetry. 39.
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