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Abstract. The production ofg-mesons in collisions of 2.83 GeV protons with C, Cu, Al, and
Au targets has been measured with the ANKE magnetic speetevrat the Cooler Synchrotron
COSY. Thep-mesons were detected at small angles via tKeiK~ decay. The measured target
mass dependence of the production cross section can bedrétathe in-mediuny width. First
comparisons with model calculations suggest a significeoadening of thep-width relative to its
vacuum value of 4.3 Me\¢f.
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The properties of light vector mesons are expected to charys and dense nuclear
matter as created in ultrarelativistic heavy-ion collsolnvestigations with elementary
(y,m,p) probes in nuclear collisions, in so-called cold staticteratan cause comparable
changes in the properties [1, 2, 3, 4]. Current overviews igfdhtive research field are
to be found in Refs. [5, 6].

The narrow vacuum line-shape £ 4.3 MeV/c?) of the ¢(1020) meson allows one to
investigate small modifications of its width in medium. ThEK:-PS-E325 collaboration
measure@" e production in proton-induced reactions on carbon and copigE2 GeV
and studied the invariant mass spectra in the vicinity ofgtmeson peak. From this they
deduced an increase in the width by a factd@ & normal nuclear density [7]. A much
larger in-medium broadening was reported by SPring-8 [8injsare also [9, 10]) and
the very recent JLab [11] measurements. Both these expdsgrstrdied the variation
of the @ production cross section with the atomic numBeT he production depends on
attenuation of thep flux in a nuclear target which, in turn, is governed by the imagy
part of theg in-medium self-energy or width. In the low-density approation [12],
this width can be related to an effectiyeN total cross section, though this is less
obvious at higher densities where two-nucleon mechanismsnaportant (compare
[9, 13, 14, 15, 16, 17]). The big advantage of this method & tme can exploit the
largeK ™K~ branching ratio£ 50%) in order to identify the meson.

The attenuation method was also used at COSY-ANKE but, inrasinto the photo-
production of SPring-8 and JLab, tigemesons were produced in proton-induced colli-
sions at the COSY Cooler Synchrotron of the Forschungszertilioh. The circulating



D2

Negative ejectiles
(m=. K7

Positive ejectiles
(m*, K% b d, )

FIGURE 1. Top view of the ANKE spectrometer and detectors [18, 19]. $hectrometer contains
three dipole magnets D1, D2, and D3, which guide the cirmgdaCOSY beam through a chicane. The
central C-shaped spectrometer dipole D2, placed dowmstoééhe target, separates the reaction products
from the beam. The ANKE detection system, comprising ramigstopes, scintillation counters and
multi-wire proportional chambers, registers simultarsipunegatively and positively charged particles
and measures their momenta. The silicon tracking teleso(@¥ET) placed in the target chamber are used
to measure low energy recoils from the target.

protons of 2.83 GeV (76 MeV above the frid@&l threshold) interacted with thin and nar-
row internal C, Cu, Ag and Au targets placed in front of the maiactrometer magnet
D2 of the ANKE system, as shown in Fig. 1.

The ANKE spectrometer [18, 19] has detection systems plageithe right and
left of the beam to register positively and negatively cedrgjectiles, i.e.K*™ and
K~ in the case of inclusivep-meson production. Although not used in the present
analysis, forward-going particles such as protons canl@sdetected in coincidence.
The positive kaons were first selected using a dedicatecttiiesystem that can
identify aK* against arr*/p background that is fomore intense (compare Fig. 2 and
Refs. [19, 20]). The coincidet~ was subsequently identified from the time-of-flight
difference between the stop counters in the negative antiyeodetector systems.

The K™K~ invariant mass spectra measured in fh& — KTK~X reaction look
similar for the four targets and the results for the C and Agdaare presented in
Fig. 3. In all cases there is a clappeak sitting on a background of non-reson&nt —
production together with a relatively small number of mesitfied events.

The relative luminosity for each target was derived by meagwsimultaneously the
fluxes of T~ mesons with momenta between 475 and 525 Mel/the angular cone
6 < 4°. Since the double-differential cross section fot production has not been
measured at 2.83 GeV, we parametrized the available dataf2&ven proton energies
in the range 1-5.6 GeV in the form

oa = 0pA”- (1)
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FIGURE 2. (Left panel) The decay products of stopp€d -mesons give rise to delayed time signals in
the ANKE patrticle range hodoscopes relative to the promgt pignal [20]. (Middle panel) The time-of-
flight spectrum for positive ejectiles before (upper) artdraflower) using the delayed-decay information.
The hatched areas indicate tié selections for the subsequent analysi&oK ~ correlations shown in
the right panel. (Right panel) Absolute time differencewssn negative and positive STOP counters
compared with the time difference reconstructed from thégl@ momenta [19].
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FIGURE 3. Invariant mass distributions fa¢ ™K~ pairs produced ipC andpAu collisions. The vast
majority of events in the peak come fropmesons that decay outside the nucleus.

The interpolation of these fits to 2.83 GeV yielded an expbogn = 0.384+0.02 (see
Fig. 4, left panel), and this allowed us to normalize theosatif the numbers of measured
( mesons.

Since the acceptance corrections in ANKE are essentiafigtandependent, the ratio
of the counts corresponds to the ratio of the cross sectanrggroduction in the ANKE
acceptance window. The resulting so-called transpareatayst normalized to carbon,
are presented in the right panel of Fig. 4 in the form

A Opcgx '
The ratios shown correspond goproduction rates that follow the power law of Eq. (1)
with ay = 0.56+0.03.

The interpretation of the obtained transparency ratiogims of the in-mediung
width has to rely on a detailed theoretical treatment. Asanple, the calculations

(2)
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FIGURE 4. (Left panel) Therrt production scaling factor of Eq. (1) as a function of proton beam
energy [21]. The dependence of the confidence interdlai=(67%) is shown by the colored band.
(Right panel) Comparison of the measured transparenay Radis a function of atomic numbey with
predictions of model calculations [17] for differe@twidths in its rest system at normal nuclear density.
The experimental uncertainties reflect both statisticdlsystematics effects.

of Paryev [17] for different in-medium widths are comparad-ig. 4 with the ANKE
data. The model considers primary proton-nucleon as wedkeasndary pion-nucleon
(N — @N) processes in the proton-nucleus calculations. It useséivemeasurements
of the pp — ppe and pn — dg reactions [22, 23] and estimates of the cross section
difference betweempn — png and pp — ppe [24]. The calculations were done in the
limited ANKE acceptance of .8 GeV/c < p, < 1.6 GeV/c, 0° < 6, < 8°. Fitting

the data with the model yields a value of 43 MeV/c? for the in-medium width of

a @ meson in its rest frame at nuclear dengity= 0.16 fm~3. This corresponds to
~ 50 MeV/c? in the nuclear rest frame for@with momentum of 1.1 Ge\¢/ which is
typical for the ANKE conditions.

The comparison of the ratios with the work of the Valenciaugr{?, 14, 15] results in
an about 1.6 times smaller in-medium broadening of gheompared to the findings
using the Paryev model. In between those two models lie tlsé results from the
ongoing Rossendorf Boltzmann-Uehling-Uhlenbeck (BUU) ghations [25]. A more
detailed discussion of the ANKE data within all availabledabcalculations is given in
A. Polyanskiyet al.[26].

Combining the three approaches [14, 17, 25], the width of t@8-50) MeVE?
for a momentum of 1L GeVkt at ANKE can be compared with the results obtained
at KEK, SPring-8 and JLab, in the following all at normal res density. In the low
density approximation [12]7{;”‘0?, = p(P/E)0gy- In this limit the N total cross section

of oy = 357 mb determined by SPring-8 [8] at momenta aroyng= 1.7 GeVk

corresponds to an in-medium width of abeu®5 MeV/c?. The recent JLab result [11]
in the range 46- 200 MeVk? at 2 GeVt overlaps the SPring-8 measurements. The
ANKE value looks somewhat smaller in comparison, but nobmsistent given all
the uncertainties in the experiments and the models applied KEK result [7] at
comparable momenta to ANKEp§ < 1.25 GeVKk) appears lower in comparison.

A momentum-dependent increase of fhén-medium broadening, as suggested by
Wood et al. [11], and shown for the collisional part of the broadeningNbithlich et



al. [9], might partly explain the different results, but thissheertainly not been unam-
biguously proven so far. The high statistics of 7000-10@Qer target provided by the
existing ANKE data allows us to search for such a possiblatian in the momentum
range of 06 GeV/c < py < 1.6 GeV/c, and an investigation of this is in progress.
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