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Abstract

The real and imaginary parts of the0d scattering length are extracted from tk@d mass spectrum obtained from the
reactionpp — dKOK* measured recently at the Cooler Synchrotron COSY at Julich. We extract a new limit & ithe
scattering length, namely Im< 1.3 fm and|Rea| < 1.3 fm. The limit for the imaginary part of th& ~d scattering length is
supported by data on the tot&ld cross sections.

0 2004 Elsevier B.V. All rights reserved.

During the last two decades the physics of the low- tive K~ p scattering length. The first results for kaonic
energyK N and K A interactions has gained substan- hydrogen from the DEAR experiment also indicate a
tial interest. A well-knownK -matrix analysiq1] of repulsive shif{3]. However, at the same time there are
the availablek — N data led to the conclusion that the no direct experimental results available for tkie n
real part of thes-wave K~ p scattering length is re-  scattering length. From a theoretical point of view
pulsive, Reig-, = —0.7 fm, while the real part of it is natural to expect that th& ~ N interaction, av-
the K~n scattering length is attractive, Rg-, = eraged over proton and neutron targets, is attractive.
0.37 fm. In a recent KEK experiment the strong in- One of the fundamental reasons for this expectation is
teraction shift of the kaonic hydrogen atom 4tate given by the leading order term in the chiral expansion
was found to be repulsijg], correspondingto a nega- for the K~ N channel which appears to be attractive

(in contrast to the isoscalar pion—nucleon scattering
amplitude). In fact it is possible to have a negative
E-mail address: meissner@itkp.uni-bonn.d&.-G. MeiRner). scattering length Rex-, for the attractiveK N in-
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teraction if theA (1405 resonance is a bound state of In this Letter we focus on the potential influence of
K N systent4,5]. Such a peculiar dynamics of the ele- the Kd interaction on the observables for the process
mentaryK N interaction implies non-trivial properties  pp — dK°K*. The effect of thek K s-wave inter-

of antikaons in finite nuclei and dense nuclear mat- action can be investigated via the inclusion of a Flatté
ter, including neutron stars, see, e.g., REs9] (and distribution for theag(980). This had a negligible ef-
references therein). A renewed interest in physics with fect on the shape spectf2l]. A study of a possible
low-energy kaons was initiated by substantial progress interplay of theKd and theK K interaction will be

in effective low energy hadronic methods, in particu- presented in a subsequent publication. However, the
lar by approaches based on extensions of chiral per-data is compatible with a quite weakd interaction
turbation theory, for early reviews see Rdfs0—-13] only and therefore adding thE K interaction is not
The coupled channel dynamics of tkeV interaction expected to change the picture significantly.

based on tree level chiral Lagrangians was developed Near threshold the partial wave structure of the
in order to describe low-energy scattering dptd— final-state for thepp — dK°K* reaction can be de-
16] and giving further support to the description of the scribed by the superposition of two configurations
A(1405 as a meson—baryon bound state (a new twist [(K°K );d]p and [(K°K*),d]s with the K°K*-

on this story was given in Refl17], where the two- system in thes- and p-wave, respectively. Corre-
pole structure of this state was investigated). However, spondingly, the deuteron is in grwave (ors-wave)

it was shown recentlj18] that a reliable extraction of ~ with respect to thek °K *-system in the first (or sec-
the elementank N scattering length from such type ond) case. An overafl-wave is forbidden by selection
of approach requires an explicit matching of the am- rules.

plitudes generated from the coupled channel dynamics  Therefore, if we restrict ourselves to these partial
to the ones given from chiral perturbation theit9]. waves, the most general spin-averaged squared matrix
This matching can even be done in some unphysical element is given as

region of the corresponding Mandelstam plane. If this

is not done, the calculations result in very laje p |M(q, k)’2 — ngz +Chk2 4+ C1(p - k)2

and K ~n scattering lengths, which contradict the ex- .

perimental resultil] and might stem from the implicit + C2(p- )+ Cak-q)

violation of chiral symmetry. Therefore, new and more + Ca(p-K)(P- ), (1)

exact experimental results do~ p and K ~n scatter-

ing are necessary in order to obtain reliable constraints wherep = p/|p| andp is the initial center-of-mass
onthek ~ N dynamics and to gain a better understand- (¢.m.) momentunk is the final c.m. momentum of the
ing of the description of SU(3) chiral symmetry break- deuteron, andj is the relative c.m. momentum of the
ing. The measurement of té~d scattering lengthis ~ K°K "-system. Furthermore, the six real coefficients
one of the main goals of the SIDDHARTA experiment C; can be expressed through the corresponding partial
at DA®NE [20]. In [18] the precise relation between wave amplitude§24,25]

the energy-shift in kaonic hydrogen and the appropri-  In Ref.[21] the parameters; were extracted from
ate scattering lengths combination is worked out. the data at a proton beam energyZgf= 2.65 GeV.
In this Letter we show that constraints on tkie/ The parameter€} and C, account for the contribu-

scattering length can be obtained through an analysistions from thek K p—wave,C’g andCy from the K K

of the K9 final-state interaction (FSI) in the reaction s-wave andCz andC4 stem froms—p interference.

pp — dKPK* near threshold measured very recently To analyze thek% FSI in thes-wave it is neces-

at COSY [21]. Theoretical analyses of the reaction sary to isolate the&k°d s-wave contribution from the
pp — K% K™ near threshold have been performedin pp — dK°K* reaction. Therefore we should express
Refs.[22—-27] As has been stressed in RE23], the the matrix elementin terms of the partial amplitudes in
NN — dK K reaction should be sensitive to tlk&l a basis that is different to the one given above, namely
FSI. Thus one can expect that the experimental resultsin terms of[(K°%);K+1p and[(K°d),K *]s states,
onthepp — dK°K* reaction may provideanewway where thek °d-system is in thes- and p-wave, re-

to extract thek °d scattering length. spectively. As was proposed in RE26] the vectors of
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Eq. (1) can be expressed in terms of the c.m. momen-
tum of thek, P, and the relative momentum of the
KO systemQ, as

1
q=0Q —aP, k=§((2—a)P+Q), (2)

whereo =my/(mq+mg). The squared amplitude ex-

pressed in the new frame reveals the same structure as

Eq. (1), namely:

(M@Q,P)|>= B 0%+ BL P2+ Bi(P - p)?
+ B2(Q-p)?+ B3(P- Q)

where theB; coefficients can be expressed in terms of
theC; from Eq.(1) and

2
(2—a)? X 2 a—-—a)l
By = 2 Ci+a°Ci _TEC“' (4)

Using the results of the fit fo€; from Ref.[21]
we obtain the following values for the coefficients
B;i: B¢ =081, B} =0.705, B = —0.267, B, =
—0.267, B = —1.45, B3 = 1.41. It follows from
this that theKd s-wave contributes 57% to the to-
tal cross sectiorFig. 1 shows thek % mass spectra
from the pp — dK9K* reaction at the beam energy
T, = 2.65 GeV[21]. The histograms show our cal-
culations with the parameterB; given above. The
hatched histogram shows tHe% s-wave contribu-
tion, the dashed line illustrates thewave contribu-
tion, while the solid histogram shows the result of our
full calculation. We recall that in Ref21] the para-
metersC; were obtained from a joint fit takKOK+
andK %°d mass spectra as well as ¢pk), cogpq) and
cogkq) angular distributions.

Since we isolate the-wave contribution from
the K% mass spectrum it is now possible to study
the interaction between the fin& °-meson and the
deuteron. Following the standard Watson and Migdal
theorem[32—34] we include the FSI by multiplying
the Bé’P2 and B1(p - P)? terms by the enhancement
factor|1 — i Qa| 2, whereq is the complex scattering
length. After that correction we refit the experimental
KO invariant mass distribution with two free para-
meters, namely the real and imaginary parts of the
K4 scattering length, while keeping the’d s-wave

A. Shirtsev et al. / Physics Letters B 601 (2004) 132-136

o
;

do/dM (ub/GeV)

2.38

M(K°d) (GeV)

Fig. 1. K% mass spectra from the reactigpp — dKOK™* at

T, =2.65GeV, i.e., an excess energy of 46 MeV. The experimental
results are taken from RefR1]. The experimental mass resolution
is =~ 3 MeV. The hatched histogram indicates #i€d s-wave con-
tribution, dasheg-wave and solid is their sum.

contribution fixed. We also checked that the influence
of this additional energyependence does not signifi-
cantly change the other observables given in [2f]
that went into the fit of th&; parameters.

Before performing the fit, we have to specify the
boundary conditions for th& %4 scattering lengtla.
While there are no constraints on the real paruRé
the K% scattering length, it is clear that lmmust
be positive because of unitarity. Furthermore, a lower
bound on the imaginary part can be deduced from the
experimental data on thE ~d total cross sectionyot
using the optical theorem for the forward scattering
amplitude
mrO =22 4= fO)g0.

4
Fig. 2 shows the imaginary part of th& —d for-
ward scattering amplitude as a function of the c.m.
momentumQ deduced from the data on th€~d
total cross section (solid circles). The extrapolation
below 300 MeVc¢ by a straight dashed line gives
Ima ~ 1.1 fm. However, one might argue whether
this momentum independent extrapolation can be con-
sidered as being realistic, since the contribution from
the A(1405 and X' (1385 resonances might be quite
strong at smalp.
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Fig. 2. Imaginary part of th& ~—d and theK ~ p forward scattering
amplitudes, respectively, as a function of the c.m. momeng@m
The data were obtained from total cross sections using the opti-
cal theorem. The solid line shows ti&matrix solution forkK — p
s-wave amplitude given by Martifl]. The dashed line shows our
extrapolation fork —d amplitude.

Table 1

The K ~d scattering lengths predicted by different calculations with
various elementank ~ p and K ~n scattering lengths. Here, FCA
denotes the fixed center approximation, while FE stands for the cal-
culations by Faddeev equations. All values are in fm

a(K~N) K—d Ref.
K~ p=-066+i067 FCA

K~ n=0264+i057 —0.78+i1.23 [27]
K~ p=—0.70+i0.71 FE

K~n=0.28+i0.67 —~1.34+i1.04 [28]
K~ p=—066-+i0.67 FCA

K~n=0.26+i0.57 ~0.754i1.12 [29]
K~ p=—066-+i0.67 FE

K~n=0.26+i0.57 ~0.854i1.10 [29]
K~ p=—0045+i0.835 FCA

K~n=094+i0.72 ~0.01+4i1.75 [29]
K~ p=—0045+i0.835 FE

K~n=094+i0.72 ~0.47+4i1.60 [29]
K~ p=—0.789+i0.929 FCA

K~n=0574+i0.619 ~1.615+i1.909 [30]
K~ p=-101+i0.95 FE

K~ n=054+i0.53 ~1.924i158 [31]
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Fig. 3. Real versus imaginary part of tkdd scattering length. The
solid contour lines show the results of our fit to the — d KOk +
data[21] for x2 + 1, x2 + 2 andy 2 + 3. The shaded area indicates
the best solution. The solid circles show the results from model cal-
culations collected ifTable 1

To investigate that problem we show by the open
circles inFig. 2 the imaginary part of th&k ~ p for-
ward scattering amplitude. The extrapolation below
200 MeV/c by the straight line gives for the imag-
inary part of K~ p scattering lengtir~ 0.7 fm. This
bound for the imaginary part of th&€ ~p scattering
length agrees with th& -matrix solution for thek ~ p
s-wave amplitude found by MartifiL]. Note that the
K -matrix solution includes the (1405 and X' (1385
resonances and the momentum dependencg(Of
obtained from the&k -matrix is shown by the solid line
in Fig. 2 Obviously the K-matrix result underesti-
mates the data on the imaginary part of #tie p for-
ward scattering amplitude @ > 160 MeV/c, since
this solution does notinclude all channels that are open
at high momenta. Based on these arguments we fi-
nally conclude that a reasonable estimate of the lower
limit for the imaginary part ofk °4 scattering length
is about 1 fm. Therefore, we fit the experimental re-
sults[21] for the K% invariant mass spectrum using
the lower bound Inx > 1 fm.

The results of our fit are shown Fig. 3. With the
lower limit Ima > 1 fm we obtained the tota|? = 9.6
per 6 experimental points. The solid linesHiy. 3in-
dicate thex2 + 1, x2 + 2 and x2 + 3 contour lines.
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Furthermore, the solid circles show different results
for K—d scattering length from the calculations col-
lected inTable 1 It is important to remark that the
prediction from Ref[28] was based on a combined
analysis of the experimental results §nd — N Ax
and K ~d — N Xx relative rates and spectra and is
quite close to our solution.

Our analysis of th& %4 mass spectra for thep —
dKCK™ reaction allows one to accept some predic-
tions[27-29]for the K ~d scattering length within the
range Imu < 1.3fm and| Rea| < 1.3 fm. The limit for
the imaginary part of th& —d scattering length is also
strongly supported by the data on the takatd cross
section shown irFig. 2 Note that the model results
listed in Table 1have been calculated with different
input parameters for the elementaky p and K ~n
scattering lengths, also given Table 1 The differ-
ent input as an elementa®y~ p and K ~n scattering
lengths largely explains the variations in the final re-
sults for theK ~d scattering length.

As a next step the elementaky” p and K —n scat-
tering lengths might be extracted from our results ob-
tained from thepp — dK°K+ data applying estab-
lished few-body techniques. In addition the possible
interplay of theK K interaction and the&d interac-
tion, also the influence of a non-vanishiig! effec-
tive range should be studied.
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