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Abstraet

The spectrometer ANKE has been put into operation at the accelerator COSY of
the Forschungszentrum Jülich in spring 1998 . An initial scientific goal is to study
K+-production in pA collisions at subthreshold energies far below the free NN-
threshold at Tp = 1 .58 GeV. This requires the identification of K+-mesons in a



background of pions and protons, about 106 times more intense . In this paper the
sophisticated detection system and the software procedures for kaon identification
are described . With the help of TOF, energy-loss and range measurements as well
as the track information from wire chambers, it is possible to measure d'u/ de dp
for deep subthreshold K+ production at beam energies down to Tp = 1 .0 GeV .

PACS: 29.40 .-n ; 25.40.-h

Key words: K+-meson detection ; Subthreshold K+-production

1 Introduction

The production of K+-mesons in proton-nucleus reactions at beam energies be-
low the free nucleon-nucleon threshold (Tp = 1 .58 GeV), so-called subthresh-
old production presently is a topic of strong interest [1-4] . Since K+-mesons
have a long mean free path in the nuclear medium it is expected that valuable
information about short-range correlations in nuclei can be extracted from
these studies . Further research goals are insights into the reaction dynamics,
different production mechanisms and the properties of the produced kaons
inside the nuclear environment . In a recent theoretical paper [3] it has been
pointed out that the existing data still do not allow to draw unambiguous
conclusions about the above mentioned issues . Differential spectra are needed
in a wide momentum range for different target nuclei and beam energies . This
is particularly the Gase at beam energies below 1 .2 GeV since so far only total
cross sections have been measured there [1] .

The great challenge of kaon studies at beam energies far below the NN-
threshold is the fact that the production cross sections are extremely small.
Furthermore, the produced K+-mesons have a short life time and, thus, a very
compact detection system is mandatory, in particular at low kaon momenta.
The magnetic spectrometer ANKE [5-10] and its detectors have been built
and optimized for such measurements .

In order to get realistic estimates an the K+ and background rates at ANKE,
calculations were performed using the Rossendorf-Collision (ROC) model [11] .
Figure 1 Shows the result of these model calculations for proton-carbon col-
lisions . The production cross sections shown in the figure are integrated over
the angular range d = 0 . . . 10° - roughly corresponding to the angular ac-
ceptance of ANKE [6,10] . It can be Seen that the background of protons and

1 Now working at: Saint-Gobain Crystals k Detectors GmbH, 42929 Wermelskir-
chen, Germany.



pions stays nearly constant whereas the kaon cross section dramatically de-
creases as the energy approaches the absolute threshold (Tp = 0.75 GeV for
carbon) ; at Tp = 1 .0 GeV, the lowest energy of our measurements up to now,
the K+/7r+ ratio is as small as - 10 -6 . Note that the cross sections presented
in Fig . 1 are momentum integrated . Most of the produced protons are above
the momentum range measured at ANKE . Thus, in the spectra presented in
Sect . 3 .1, the number of pions and protons is approximately equal . However,
high-momentum protons can hit structure material, e.g ., the pole shoes of the
spectrometer magnet and produce secondary particles . In fact, those turned
out to be the most severe source of background, see Sect . 3 .2 .

absolute threshold
NN threshold

0.5 1 1 .5 2 2.5 3 3.5 4 4.5 5
projectile kinetic energy Tp (GeV)

Fig . 1 . Predicted momentum-integrated cross sections for the production of K+
mesons and background particles in proton-carbon collisions into emission angles
19 < 10° . The calculations were made using the Rossendorf-Collision (ROC) model
[11] .

The spectrometer ANKE has been described in detail in [9] . Therefore, in
this paper only a brief overview of the setup and its detection systems for
K+-mesons is given. The procedures for data analysis are described and it is
shown how momentum distributions of kaons from proton-nucleus collisions
at beam energies as low as 1 .0 GeV are obtained .

2

	

Description of the experimental setup

2.1

	

Principles of K+-Identification wich ANIiE

For the identification of K+-mesons the following criteria are used at ANKE:

o ANKE provides a momentum focusing of the eiectiles (Sect . 2.2) . This is
used to define the K+-momenta and serves as an important means to sup-
press the background of pions and protons in range telescopes (Sect . 2 .3 .2) .



" A fast on-line trigger system based an start- and stop detectors of a time-of-
flight setup allows the selection of particles with certain momenta and emis-
sion angles at the target . Narrow time-of-flight (TOF) gates can be defined
for the identification of pions, kaons and protons, respectively (Sect . 2.3) .

" Range telescopes in the focal surface of the spectrometer dipole discriminate
pions, kaons and protons with the same momenta due to their different
energy losses . Passive degraders in the telescopes between the scintillation
counters enhance the discrimination efficiency (Sects . 2 .3 .2 and 3 .1) .

" The K+-mesons are stopped in the range telescopes . Their decay with a
lifetime of T = 12.4 ns provides an effective criterion for the identification
of three mesons via the deflection of delayed signals (Sects . 2.3.2 and 3.1) .

" The tracks of the ejectiles are measured with multi-wire proportional cham-
bers (MWPCs) (Sect . 2.3 .1) . From this information the emission angles at
the target are deduced and a suppression of background not originating
from the target is possible (Sect . 3.2) .

2.2

	

The ANKE spectrometer

The ANKE spectrometer [7-10] is located at the internal target position TPA
of the cooler synchrotron COSY-Jülich. l t consists of three dipole magnets
two smaller ones (D1 and D3, see Fig . 2) to guide the circulating COSY beam
and a C-shaped spectrometer magnet (D2) with a large gap height of 20 cm .
Between D1 and D2, space for the installation of various internal targets is
available . For the measurements described here, triangular-shaped foil targets
made of carbon (polycrystalline diamond), copper and gold were suspended
from frames [9] . The target dimensions typically are 2 mm (width at base
glued to the frame), 20 mm (length) and 0 .04-15 mg/cm2 (thickness) . D2 has
an angular acceptance of AQ -- 50 msr for ejectiles emitted under forward
angles 19 ,: 0° . Furthermore, the flight path of the ejectiles between target and
the focal-surface detectors is short (l ,: 150 . . .400 cm) so that kaons reach
the detectors with a probability of - 30 % in spite of their short lifetime .

Each of the range telescopes located at the focal-surface was optimized for a
certain kaon-momentum range, see Sect . 2 .3 .2 . Therefore, when changing the
beam energy to measure the K+-momentum spectra for different projectile
energies, one must keep constant i) the field in the ANKE magnets and ii) the
relative locations of target and D2 so that the momenta of the ejectiles hitting
a certain telescope remain constant . Consequently, the radius of curvature
and the deflection angle of the circulating COSY beam changes in all three
dipoles with varying beam energy. This can be compensated by a movement
of the spectrometer dipole D2 perpendicular to the direction of the undis-
turbed COSY beam [9] . For the measurements described in this paper, all
three magnets were operated at a fixed field strength of B = 1 .30 T (measure-



1m K+ telescopes
with TOF stop

Fig . 2 . Top view of the ANKE spectrometer and detectors used for K+ identification .
The dashed lines show trajectories of ejectiles with different momenta and horizontal
emission angles of i9f10° . The numbers indicate the positions ofthe 23 start counters
and the 15 telescopes .

ment of the K+-production cross sections) or at the maximum achievable field
strength in D2 of B = 1 .57 T (calibration measurements for the time-of-flight
detectors) . The lower field strength used for the cross-section measurements
was chosen in order to avoid too large deflection angles of the COSY beam
at low beam energies . The resulting deflection angles in D1, a = 10 .1° . . . 5.5°
at Tp = 1 .0 . . . 2 .3 GeV, are in any case smaller than the maximum value of
10 .6° permitted by the bellows of the vacuum system, sec [9] for details .

Ray-tracing calculations [10] show that at B = 1 .30 T the K+ telescopes cover
a momentum range of p -- 110 . . . 525 MeV/c. The horizontal angular accep-
tance of D2 for which the focusing properties are still sufficient to allow kaon
identification in the telescopes is 19 ,: -15° . . . + 15°, cf. Sect . 2 .3 . The vertical
acceptance is given by the gap height of D2 and varies between 0 ti ±7° for
the lowest momenta and f3.5° (highest) . The heights of all detectors were
chosen such that they cover the füll vertical acceptance of the spectrometer
dipole .



2.3 IC-detection system

The schematic layout of the K+-detection system at ANKE is sketched in
Fig . 3 . It is rigidly connected to the spectrometer dipole D2 and consists of
three major components : i) 23 TOF-start counters (PILOT-U, Nuclear En-
terprises) close to the vacuum window (made of 500 Mm Al) at the right-
hand side of D2. The counters are positioned as close as possible to the exit
window in order to maximize the distance to the TOF-stop counters . Each
start counter has a horizontal angular acceptance of 2° - 6° depending an
the ejectile momenta. All scintillators are 27 cm high and 5 cm wide . Their
thickness has been chosen as a compromise between sufficient light output and
little Small-angle scattering . It increases from 0 .5 mm (counters 1, 2) for the
low momentum detectors to 1 .0 mm (counters 3-5) and 2.0 mm for higher
momenta . Each scintillator is read out an both ends by a photomultiplier .
ii) The tracking system to reconstruct ejectile trajectories consisting of two
multi-wire proportional chambers (MWPC 1, 2) . They are located in front of
all detector components except the TOF-start counters in order to minimize
distortions of the ejectile trajectories due to Small-angle scattering . iii) 15
range telescopes which are placed along the focal surface of D2. The horizon-
tal angular acceptance of each telescope varies from ± 1° to f 15° depending
an the on- or off-live coincidences with the corresponding start counters . Each
telescope is composed of TOF-stop, 0 E, veto scintillation counters (BC408,
Bicron), which are read out by photomultipliers an both sides, and two pas-
sive degraders made of copper . Telescopes 9-15 also contain lucite Cerenkov
counters . For a detailed description of the telescopes see Sect . 2.3.2 .

Fig . 3 . Simplified layout of the detection system used for the subthreshold
K+-studies at ANKE (looking in the direction of the circulating COSY beam) .

The precise time information from the Start, stop, DE and veto counters (see
Sect . 3.1 for values of the time resolution) is achieved by constant-fraction dis-
criminators and mean timers both specifically developed for this purpose [12] .
In addition, the vertical spatial information in each scintillator is obtained
from the time difference of both phototubes . The resolution for the stop de-
tectors is better than 30 mm (FWHM). With one specially built VME-module



for each stop counter it is possible to set a common TOF gate (length variable
between 3 ns and 23 ns) in coincidence with up to 16 individually adjustable
start-stop combinations [12] . In this way corridors of acceptable start-stop
combinations can be defined through which the K+-mesons from the target
should pass . A total of 16 VME modules is needed for the ANKE on-line
TOF trigger which allows to select pions, kaons or protons already during
data taking .

2.3.1

	

Multi-wire proportional chambers

The two MWPCs [13,14] of the ANKE K+-detection system have been built
in a modular design at the Forschungszentrum Rossendorf and differ only in
the dimension of the sensitive planes and the diameter of the anode wires (see
Table 1) . The arrangement of the sensitive wires in the planes, vertical and
inclined by +30° and -30°, respectively, allows to determine the space coordi-
nates of the particle track in the wire chamber. Together with the knowledge
of the magnetic field of the D2 magnet one can reconstruct the momentum and
emission angle of the particle at the target position . The necessary accuracy
of the reconstructed momentum Op/p is 2-3% for pions . This can be achieved
with a wire spacing of 2 .54 mm. An intrinsic resolution ti 0 .7 mm between the
inclined and vertical planes has been determined in test measurements [13] .

Table 1
Properties of MWPC 1 and MWPC 2.

Gas mixture

No. of anode planes

Arrangement of anode wires

HV anodes

max. HV cathodes

Wire spacing

Distance anode-cathode

No. of wires per plane

Anode wires

Cathode material

Sensitive area

MWPC1 MWPC2

70% Ar : 30% C02

3

vertical and +30° und -30° inclined

0V

-3000 V

2.54 mm

5 mm

512

	

768

20 Mm tungsten

	

25 Mm tungsten

18 /2m mylar foil

	

23 Mm mylar foil

35130 cm2

	

60196 cm2

The readout of the chambers is performed using a highly integrated front-end
system based an two chips which were developed at the Rutherford Appleton
Laboratory (RAL) [15] . The analog chip RAL 118 amplifies and discriminates



the signal . The digital chip RAL 111 an the one hand provides the proper delay
of the signal using a digital shift register . This is necessary since the signal of
the MWPCs must be stored until the system trigger has been generated . On
the other hand, RAL 111 digitizes the Signals and performs zero suppression .
The latter leads to a huge data reduction since in a typical event only around
2% of the wires have a signal and only the numbers of these wires are sent
to the subsequent data-aquisition system. Thus during the K+-measurements
particle fluxes of about 5000 s-1 per wire could be handled by the readout
system . A more detailed description of the complete readout system can be
found in [16] .

The drift time of electrons in the used gas mixture is 80 ns at most [17] .
Therefore no restrictions are expected when the chamber is operated at a
maximal particle flux of 106 s-1 . To minimize the number of multiple hits the
width of the readout gate is Set to 110 ns .

2.3.2

	

The K+ range telescopes

The K+-telescopes are positioned along the focal surface of D2 perpendicular
to the trajectories of ejectiles which leave the target in the forward direction,
z9 = 0° . Each detector covers a limited momentum range given by its width
of 10 cm and the dispersion of D2. The values for the momentum acceptances
which are shown in the right column of Table 2 were calculated for ejectiles
emitted at 0° from the target and neglecting small angle scattering in the
vacuum foils and the detector components .

Figure 4a) shows momentum distributions for three telescopes which were
obtained from data an 7r+-production in proton-carbon collisions and from
corresponding GEANT simulations . For the reconstruction of the pion mo-
menta from the wire-chamber information, a simple box-field approach has
been applied in which the trajectories in front of and behind the effective field
of D2 are described by straight lines . The ejectile momenta are determined by
calculating a circular arc with a constant radius of curvature connecting these
straight lines . The fact that each of the telescopes is hit by ejectiles within a
rather limited momentum range of Op/p = 7 - 24%, provided they originate
from the target at angles less than - 15° (see right column of Table 2), al-
lows to exploit the different ranges and energy losses of ejectiles with different
masses for the K+-identification, see Sect . 3.1 for details .

Figure 4b) shows momentum distributions for telescope #13 and the individ-
ual Start counters . It can be Seen that particles which traverse start counters
#10-21 have a small momentum spread, Oplp 8% . The lowest counters
also detect fast ejectiles which are emitted from the target at large angles
z9 < 30° . Since they miss the well-defined field region of D2 they are only



Table 2
Dimensions of the telescope components used for the measurements at B = 1 .30 T.
In addition, telescopes #9-15 contain 5 cm thick lucite Cerenkov counters between
stop and degrader I . The momentum ranges covered by each telescope are given in
the last column .

slightly deflected so that their momentum distributions smear out. Indicated
in the figure is the range of valid start counters which are accepted by the
on-line TOF trigger . For these counters, corresponding to horizontal emission
angles 191 < 12°, the imaging properties of D2 are sufficient to detect ejectiles
with well defined momenta.

The telescopes consist of vertically oriented scintillators and copper degraders .
The thicknesses of all components were determined with the help of GEANT
simulations [17,18] for K+-identification . The results of the simulations were
verified for a sample telescope by test measurements with pion, kaon and pro-
ton beams from the 10 GeV Proton synchrotron at ITEP, Moscow [4] . Table
2 shows the thicknesses of all components used during the measurements de-
scribed here . The first counter in each telescope is the TOF-stop counter, see
Fig . 5, followed by 5 cm thick lucite Cerenkov counters (in telescopes #9-
15 only) for the suppression of fast pionic and leptonic background . During
data analysis it turned out that these counters provide no additional back-

Telescope

Height

[cm]

Thickness [cm]

Stop Degr.1 DE Degr .II Veto

Momentum range

[Mev/c]

1 52 0 .3 - 0 .5 0.2 1 .0 110-140

2 57 0 .5 - 0 .5 0.2 1 .0 140-160

3 62 1 .0 - 1 .0 0.2 1 .0 160-182

4 67 1 .0 - 1 .0 0.8 1 .0 182-205

5 77 1 .0 0.1 1.5 0 .8 1 .0 205-227

6 82 1 .0 0.11-0 .37 2.0 0 .8 1 .0 227-252

7 88 1 .0 0.26-0 .58 2.0 1 .6 1 .0 252-280

8 94 1 .0 0.43-0 .82 3.0 1 .3 1 .0 280-310

9 100 1 .0 0.11-0.57 3.0 1 .0 1 .0 310-340

10 100 1.0 0.49-1.08 3.0 1 .5 1.0 340-370

11 100 1.0 1.06-1.78 3.0 1 .7 1.0 370-400

12 100 1.0 1 .70-2.57 4.0 1 .0 1 .0 400-430

13 100 1.0 2.56-3.49 4.0 1.0 1 .0 430-460

14 100 1.0 3.23-4.34 5 .0 2.0 1 .0 460-490

15 100 1 .0 4.20-5.37 5 .0 2.0 1 .0 490-525
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Fig . 4 . a) Momentum distribution of pions from p(2 .3GeV)C -~ 7r+X reactions
emitted at angles _< 10° and detected in telescopes #13 (light shaded histogram),
12 and 14 (dashed) . For comparison the result of a GEANT simulation is given
(dark shaded, scaled down by an arbitrary factor) . b) Simulated momentum ranges
for the individual start counters and telescope #13 . For the simulation horizontal
emission angles of even up to 30° were permitted . The central arrow indicates the
start counter which detects particles emitted at 0° at this setting of the beam energy
and field strength in D2; the range of start-stop combinations accepted by the fast
trigger is indicated by the horizontal bar . Also shown by the open squares are the
mean ejectile momenta calculated from TOF spectra, see Sect . 3 .1 for details .

ground suppression . Thus they were not used in the currernt analysis for kaon
identification .

Fig . 5 . Sketch of telescope #13 . The ranges of pions, kaons and protons originating
from the target as well as scattered protons (PBG) with the same velocity (i.e . TOF)
as kaons are indicated . See text for a detailed description of detector components .

The function of degrader 1 is twofold : first, it stops protons originating from
the target and prevents them from entering the DE counter . Second, it slows
down kaons such that they are stopped at the far end of the DE counter or in
the second degrader . This results in a large K+ energy loss in the DE counter
which helps to separate them from pions and scattered protons, see Sect . 3.1 .
The tapered shape of degrader 1 accounts for the momentum dispersion along



the focal surface of D2 : From the left to the fght edge of each telescope the
degrader thickness increases in correspondence with the ejectile momentum .
In order to minimize the range spread for kaons, each telescope is positioned
such that the first degrader is located in the focal plane where the momen-
tum spread of the ejectiles is smallest . Pions from the target pass through
the counters and degraddes almost unaffected due to their high velocity and
result in small energy losses in all counters . The thicknesses of degrader I have
carefully been fine tuned during calibration measurements (by adding thin
copper sheets) at Tp = 2 .3 GeV where the kaon rate is sufficiently high to
identify them without the help of the energy-loss spectra in the DE counter,
see Sect . 4 .

Kaons which are stopped in the DE counter or in the second degrader de-
cay with a lifetime of -F= 12 .4 ns . Their decay products, p+ or 7r+ emitted
isotropically, can reach the veto counter and result in signals which are char-
acteristically delayed with respect to K+-signals in the stop or DE counters of
the Same telescope . This provides an additional criterion for K+-identification
which becomes particularly important for low beam energies . This method
based an the detection of delayed decay muons was already applied previously
in the measurement of total cross sections at beam energies between 0.8 and
1 .0 GeV [1] .

The most problematic background is caused by secondary protons produced
an the pole shoes of D2 or in the vacuum chamber . This contains a component
with the Same time-of-flight as the kaons and thus approximately twice their
momenta. Such protons (PBG), which are also indicated in Fig . 5, pass through
all detectors of a telescope . The thicknesses of degrader II were chosen larger
than necessary to prevent kaons from reaching the veto counter : they also slow
down the background protons such that their energy loss in the veto counter
significantly increases beyond that of the koan-decay products . Selection of
events with small energy losses in the veto counters thus is an additional cri-
terion for kaon identification since their decay muons and pions are minimum
ionizing .

3

	

Data analysis

3.1

	

Examples of seintillator speetra

Examples of time-of-flight (TOF) distributions between the stop counter of
telescope #13 and the different start counters are shown in Figure 6. The
data were taken during a calibration run with high field strength in D2 (B =
1 .57 T) . During data taking an open on-line TOF trigger was chosen such that
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pions, protons and scattered particles are visible in the spectra . Most of the
spectra Show two distinct peaks for pions and protons originating from the
target which have well defined momenta, p ,: 430 - 460 MeV/c, see Table 2
and Fig . 4 . From the spectra an average time resolution of - 650 ps (FWHM)
for target pions in the central region - start counters #10-21, corresponding
to horizontal emission angles 1191 G 12° has been deduced . The shift of the
proton peaks towards smaller flight times and the larger width (- 1000 ps)
for the lower Start-counter numbers is due to the momentum spread shown
in Fig . 4b) which causes a variation of the proton velocities . This is not the
case for pions since, due to the low mass, their velocity is close to the Speed of
light . For Start-counters with numbers below 5, the two peaks disappear and
a broad TOF distribution develops because of the high-momentum protons,
See Fig . 4b) . The pions are suppressed here because of ineficiencies of the first
few Start counters for high momentum pions . In start counter #23 the peak of
protons from the target is reduced for the following reasons : the average ejectile
momenta (and ranges) are smaller, see Fig . 4b), and the effective counter
thickness is increased due to the smaller entrance angle into the telescope .
This prevents part of the target protons from reaching the DE counter . Since
a signal in this counter was required in the on-line trigger only the fastest
protons can be detected and the proton rate is reduced . This effect also has
an influence an the spectra of Start counters #18-21 . Here the width of the
proton peak is reduced from 1000 ps down to 500 ps .

The Separation of the pion- and proton-TOF peaks in Fig . 6 allows to calcu-
late the average momentum of the ejectiles originating from the target . The
deduced values for Start counters #10-21 are presented as the open squares
in Fig . 4b) and agree with the momenta from ray-tracing calculations using
GEANT. Remember that the TOF spectra from Fig . 6 were obtained at a field
strength of B = 1 .57 T in D2 (field setting used for the TOF calibrations)
whereas the momentum ranges in Fig . 4 are given for B = 1 .30 T (field set-
ting used for the cross-section measurements) . Thus the momenta from TOF
were multiplied by the ratio of the field strengths 1 .301 .57 in order to allow
a comparison with the GEANT simulations .

Fig . 7 Shows the energy-loss spectra which were measured simultaneously with
the TOF spectra of Fig . 6 . They allow to determine the detection efficiencies
for pions in the Start counters assuming that the energy-loss distributions can
be fitted by Landau distributions . Values of - 95% were obtained, except
for the first two Start counters which are only 0.5 mm thick . In this case the
efficiencies are below 50% . For kaons the detection efficiencies are higher and
very close to 100% . The efiiciencies are taken into account when normalizing
the number of identified kaons to known pion-production cross sections .

Figure 8a) Shows the combined TOF distribution for the stop counter of tele-
scope #13 and Start counters #10-21 from Fig . 6 . The time resolution for
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Fig . 6 . Time-of-flight spectra at an incident proton energy Tp = 1 .5 GeV between
stop counter #13 and Start counters # 1-23 . The data presented in this figure were
obtained during a dedicated calibration run with open trigger at B = 1 .57 T with a
carbon target . The range of "valid" start counters for this particular stop counter,
see Fig . 4b), is indicated by the shaded histograms.

pions in Fig . 8a) amounts to 650 ps (FWHM), as in case of the individual
spectra from Fig . 6 . Due to the different lengths of the flight paths for each
start counter, the values of the TOF dif erence between pions and protons
vary, which causes a smearing of the proton peak in the sum spectrum .

In principle, the observed time resolution should allow a clear separation of pi-
ons (protons) and kaons . The TOF difference between pions and kaons (peak-
to-peak) amounts to - 8u; assuming a pure gaussian distribution one would
expect a pion suppression much better than the requested 106 . Such a huge
suppression is, however, not achieved in the experiment due to background
produced in secondary hadronic interactions . The flat background in Fig . 8 is
mainly caused by fast protons emitted from the target at Small angles . These
protons can hit the pole shoes of D2 or structure material of the vacuum cham-
ber and produce secondary particles which then can reach the telescopes . Such
secondary particles are not focussed by D2 and, hence, do not have well de-
fined momenta. Therefore, they result in a broad background distribution in
the TOF spectra . Indicated by the shaded area in the sum spectra of Fig . 8
and the following ones are the regions where kaons are expected . This serves
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Fig . 7 . Energy-loss spectra for the same start-stop combinations as in Fig . 6 .
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Fig . B . a) TOF and b) amplitude spectra of stop counter #13 in coincidence with
start counters # 10-21 . The approximate position of the gates for the off-live kaon
identification are indicated by the shaded areas (see text) . Arrows mark the narrow-
est TOF gates used for on-line event selection . The data were obtained at B = 1 .57 T
with a carbon target .

for illustration only since in the process of kaon identification, individual gates
were used for each start-stop combination (i .e . spectra in Fig . 6) . The Same
applies for all other scintillator time and amplitude spectra .

Figure 8b) shows the energy-loss distribution in stop counter #13 for ejectiles
detected in coincidence with start counters #10-21 . As for the TOF spectrum
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of Fig . 8a) the raw spectrum shows two peaks from pions and protons from the
target and a broad background distribution . The ratio of the energy losses of
protons and pions is - 4.5 as expected from the Bethe-Bloch formula . Conse-
quently, only a moderate separation of pions and kaons (expected energy-loss
ratio - 1 .7) can be achieved from the amplitude signals . Since the lower edge
of the pion energy-loss distribution is clearly visible in Fig . 8b), the detec-
tion efficiency for pions is larger than 98% . The saure high efficiency has been
obtained for kaons since the gate indicated in the figure is rather wide .

Figure 9a) shows the energy-loss distribution in the DE counter of telescope
#13. The data were obtained at B = 1 .30 T . Since protons from the target
are stopped in the Cerenkov counter or in the first degrader there is only
one peak from target pions and a broad background distribution from sec-
ondary particles visible in the spectrum . As explained in Sect . 2 .3.2, the first
degraders are used to optimize the energy loss of kaons in the DE counters .
The solid histogram in Fig . 9b) shows the corresponding energy-loss spectrum
for kaons (identified as described later in Sect . 3.4) . During the measurements
it has been checked whether slight modifications of the degrader thicknesses
can improve the kaon-to-background separation. For this purpose the kaon en-
ergy loss should be as large as possible (better separation from target pions),
while keeping the width of the distributions small (optimization of the kaon
to scattered-background ratio) . lt turned out that the optimization procedure
for most telescopes resulted in thicknesses at which the kaons pass through
the DE counter and are stopped in the second degrader . As an example the
corresponding distribution is shown by the dashed histogram in Fig . 9b) .
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Fig . 9 . Energy-loss spectra for DE-counter #13 in coincidence with start counters
#10-21. a) Raw spectrum, the gate for kaons is located above DE - 13 MeV. b)
Kaon spectra taken during optimization of degrader 1 . The values of the tapered de-
grader thickness are : i) 2 .76-3 .69 cm (solid histogram, initial value from simulation
calculations), ii) 2.66-3.59 cm (dashed histogram), and iii) 2 .56-3 .49 cm (shaded
histogram, optimum thickness given in Table 2) . All data were obtained at Tp = 2.0
GeV and B = 1 .30 T with a carbon target .

As explained in Sect . 2.3.2, the time information from the veto counter is a
particularly effective criterion for kaon identification . If the kaons are stopped
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in the second degrader one expects that only their decay muons and pions
can reach the veto counter with a time delay characteristic for the K+-lifetime
of 12 .4 ns . Figure 10 shows the distribution of the time difference of particle
detection in the veto and stop counters of telescope #13 . One can clearly
see a peak from particles directly passing through the second degrader (pions
and secondary protons) . In addition, there are delayed events visible which
can be attributed to the decay products of K+-mesons stopped in the second
degrader, see Sect . 3 .4 . The on-line trigger for the accumulation of the K+-
data at low projectile energies rejected prompt events and admitted only those
with a delay > 1 .3 ns (channel 30) . Off line a threshold of > 2.3 ns (channel
55) was set .

200 400 600 800 1000
Ot (Veto-Stop), (44ps/ch .)

Fig . 10 . Time difference between detection of particles in veto- and stop counter of
telescope #13. To make the spectrum more illustrative, kaon gates were applied in
the scintillator spectra described above and only particles were accepted which ver-
tically come from the target plane (see next section) . The arrow shows the location
of the gates used during the measurements whereas the of live cut is indicated by
the shaded area, see text for details . The data were obtained at Ti, = 2.3 GeV and
B = 1 .30 T with a carbon target .

The use of the füll scintillator information (TOF, energy loss in start, stop,
DE and veto counters plus selection of delayed events in the veto counter)
allows for a clear separation of the kaons from pions and protons originating
from the target even at the lowest beam energy Tp = 1 .0 GeV . However, the
background from secondary particles scattered at the pole shoes of D2 cannot
sufficiently be suppressed . This is only possible by using the information from
the wire chambers an the direction of the ejectiles as explained in the following
section .



3.2

	

Background suppression using the MWPC information

As indicated in Fig . 11 by the dashed line, particles from the target within
the angular acceptance passing through the first MWPC at some vertical
coordinate y are expected to have a certain vertical angle 19 (which is measured
with the second chamber) . All ejectiles undergo multiple scattering in the
vacuum foil of D2 and in detector components . This causes some smearing 019
of the expected vertical angular distributions of particles from the target, for
example 019 K+ . In contrast to target ejectiles, scattered protons PBG in general
have larger angular differentes DI9PBG . Thus the vertical MWPC information
can very efficiently be used for the suppression of scattered particles .

17

Fig . 11 . Ejectiles from the target and scattered background in general have different
vertical angles behind the spectrometer . See text for details .

Fig . 12 shows the vertical angular distributions 019 for the remaining K+-
candidates after applying all cuts in the scintillator spectra described above .
At the highest beam energy shown in the figure, Ti, = 2.0 GeV, there is a clear
peak around 019 = 0 corresponding to ejectiles from the target . These particles
can be identified as kaons, see Sect . 3 .4 . Only very few events from background
particles are still visible . With decreasing beam energy the background sur-
viving the scintillator cuts becomes significantly more important . The broad
bumps at both sides of the target peak are mainly from ejectiles scattered at
the pole pieces of D2 whereas background events underneath the peak must
originate from the Same vertical plane in which the target is located . The
spectra from Fig . 12 are, for illustration, summed over all valid start counters .
However, for identification of the K+-mesons and for background suppression,
the gates around the peak at 019 = 0 were optimized for each individual start-
stop combination . It will be shown in Sect . 3 .4 that for Tp = 1 .0 GeV the
remaining background underneath the peak is smooth and can be subtracted
in order to determine the number of kaon events in each telescope . This is
particularly important for measurements far below threshold.
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Fig. 12 . Distribution of vertical angles measured with the two MWPC's after ap-
plying the K+-cuts in the scintillator spectra of telescope #11 . The spectra Show a
clear peak of kaons originating from the target . Background from scattered particles
is also visible . The spectra were measured with a carbon target at three different
beam energies .

In addition to the cuts an the vertical distributions from Fig . 12, in the hor-
izontal direction (vertically oriented wires) events are only accepted if the
responding wires are inside a corridor defined by trajectories connecting the
edges of the individual start and stop counters . This criterion further helps
to suppress scattered background, accidental coincidences and chamber noise .
The width of these allowed corridors typically is 40 . . . 100 wires (10 . . . 25 cm) .

In this section we briefly summarize the effectiveness of the most important
cuts presented in Sects .3 .1 and 3 .2 for beam energies Tp = 1 .0 and 2.3 GeV.
At 2 .3 GeV an on-line trigger based only an the TOF information was used
which reduces the background and, thus, the amount of data written to tape,
by about one order of magnitude. All other criteria, including narrower TOF
gates, were applied ofilive . The efficiencies of these criteria are summarized
in Table 3 .

At Tp = 1 .0 GeV the background-to-kaon ratio is much larger than at 2 .3 GeV.
Thus, a stronger on-line trigger, based an TOF measurements and the (de-
layed) time signal from the veto counters, was used which drastically reduces
the amount of data written to tape . During the offline analysis subsequently
stronger criteria were applied . In some cases two criteria were applied at the
same time so that the combined efficiencies are shown in the Table .



Table 4
Same as Table 3 for Tp = 1 .0 GeV .
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Table 3
Effectiveness of the individual cuts for Tp = 2 .3 GeV. The numbers presented in
columns "K+" and "B.g." are the probabilities that K+-mesons or background par-
ticles, accepted by the preceding criteria, are within the gate corresponding to the
criterion described in the first two columns of the same line . (tfor kaons wich emis-
sion angles 1791 < 12° ; *see Fig.18 for efficiencies of the individual telescopes)

3.4

	

Identification of K+-mesons

Figure 13 Shows the remaining events when analysis gates are Set an i) TOF be-
tween start- and stop counters (Fig . 6), ii) amplitude information of all scintil-
lation counters (e.g . Figs . 7, 8b, 9), iii) time difference between veto- and stop
counters of one telescope (Fig . 10) and iv) MWPC information (Fig . 12) . Due
to the moderately large cross sections for kaon production at Tp = 2 .3 GeV,
clear peaks without background in the vertical-angle and TOF distributions
are Seen . The vertical-angle distribution (a) proves that the particles are di-
rectly coming from the target region and the TOF peak (b) is located at the

Criterion Shown by K+ B.g .

Valid start counters (on-line) Shaded spectra in Fig.6 I l .Ot 0.25

TOF (on-line) Arrows in Fig.8a) 1 .0 0.11

TOF (ofilive) Shaded area in Fig.8a) 0 .99 0 .29

Vertical direction Fig . 12 0 .99 0 .11

Delayed veto Shaded area in Fig.10 0 .2* < 10-3

All 0 .2 < 3.5 . 10 -6

Criterion Shown by I K+ B.g .

Valid start counters (on-line) Shaded spectra in Fig.6 11 .Ot 0 .25

TOF Arrows in Fig.8a)

k delayed veto (both on-line) Arrow in Fig.10 0 .22 0 .002

TOF (ofiline) Shaded area in Fig.8a)

k vertical direction Fig . 12 0.99 0.002
Delayed veto (offiline) Shaded area in Fig.10 'I 0.92 0.3

Narrower TOF cuts See Sect.3 .4
k Amplitude in DE counters Shaded area in Fig.9a) 0.6* 0.05

All 1 0.12 6 - 10-8



position were kaons are expected . An exponential fit to the time distribution
in the veto counters yields a value of r = 12.0 ± 0 .3 ns, consistent with the
expected 12 .4 ns .

Fig . 13 . a) Vertical angular distribution of K+-events (c .f. Fig . 12) . b)TOF distri-
bution (c.f . Fig . 8a)) . c) Time difference of detection in the veto and stop counters
(c.f. Fig . 10) ; the spectrum has been shifted such that the gate for kaon detection is
located at channel #0 . All data were taken at Tp = 2 .3 GeV with a carbon target .
For illustration and in order to increase the number of events, the spectra shown in
this section are summed over all valid Start-stop combinations by properly shifting
the distributions for each individual combination .
Figure 14 Shows the Same spectra as in Fig . 13 but now for the lowest beam
energy, Tp = 1 .0 GeV. Except for the beam energy, all other experimental
conditions and Software gates remain unchanged . Neglecting the now visible
background, the location of the kaon distributions and, in the Gase of the
vertical angle distributions, also the shape is the same as for the high energy
where the production cross section is approx . 105 times larger .
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Fig . 14 . Same as Fig . 13 but for Tp = 1 .0 GeV . Indicated in a) and b) by the
shaded areas are the angular and TOF cuts an background events which were used
to determine the shape of the background distributions in Fig . 15 .
In order to determine the number of detected kaons one has to subtract the
background underneath the kaon peaks . The analyses Show that this back-
ground has a smooth behaviour . As an example, in Fig . 15 the distributions
of background events in the vertical-angle, TOF and Ot(veto - stop) spectra
is shown. In particular, the vertical-angle distribution is constant in the re-
gion of the kaon peak and, thus, the background subtraction can be done by
assuming a linear shape of the background in Fig . 14a) .
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Fig . 15 . a) Same as Fig . 14a) for Background events within the outside gates of the
K+-TOF distribution from Fig . 14b) . b) Same as Fig . 14b) for Background events
at the sides of the angular distribution from Fig . 14a) . c) Same as Fig . 14c) for the
events from a) .

The remaining kaon distributions after background subtraction are shown in
Fig . 16 . Both the width of the TOF distribution as well as the exponential
slope in the veto counter agree with the (clean) data at Tp = 2 .3 GeV.
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Fig . 16 . Same as Fig . 14b) and c) after background subtraction .

It has been shown in the previous sections that, after applying all criteria an
TOF, energy losses and the MWPC information, K+-mesons can be identified
even at Tp = 1 .0 GeV . From the number of observed kaons in each telescope
one can deduce momentum spectra, since the telescopes are placed along the
focal surface of the spectrometer dipole . In order to obtain the double dif-
ferential cross sections d'ul d9 dp for K+-mesons produced at d - 0°, the
kaon-detection efficiencies in each telescope have to be corrected for . The cross
sections can then be obtained by normalizating to the number of identified
7r+-mesons, which were measured in parallel, and to the known 7r+-production
cross sections . Further corrections, like e.g . for the different solid angles covered
by each telescope and the acceptance gaps between them, are not necessary
since they are identical for pions and kaons .



At ANKE, we have the possibility to directly determine the K+-detection
efficiencies in the telescopes through measurements at high beam energy,
Tp = 2 .3 GeV. Due to the rather large kaon-production cross section, it is suf-
ficient to use for K+-identification the TOF and the MWPC information only.
Under these conditions, the efficiencies for kaon (and pion) detection result
from the efficiencies of the involved detetors (TOF-start and -stop, MWPC's)
which are well known and close to 100%, see Sect . 3 . The upper spectra of
Fig . 17 show the vertical-angle and TOF distributions of the events fulfilling
these criteria . In both cases a peak of kaon events can be seen an top of a
flat background distribution . The shape of this background has been deter-
mined in independent analyses : i) The data taken at 1 .0 GeV were used where
the Cross sections are so small that, with the TOF/MWPC gates, "contami-
nations" from kaons can be neglected. ii) Events from the sides of the kaon
distributions were used, see shaded areas of Fig . 14 . In both cases the back-
ground distributions are almost linear . However, for background subtraction,
different background shapes were taken into account and the uncertainties
have been included into the errors for the detection efficiencies .
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Fig . 17 . Same as Fig . 13a) and b) but for telescope #13 only . Upper spectra : gates
an TOF and vertical angles only (the gate widths correspond to the ranges of the
two histograms) . The background is indicated by the solid lines . Lower spectra : all
criteria for K+-identification applied (as in Fig . 13) . The number of entries in the
histograms cannot directly be compared to Fig . 13 since a different data set was
used .

The Lower spectra in Fig . 17 show the remaining K+-events when all crite-
ria (same as used in Sect . 3.4) for kaon identification are applied . In case
of telescope #13, shown in the figure, approximately 10% of the kaons "sur-
vive" the Cuts . The efficiencies - which are equal to the ratio of identified
kaons with füll gates and TOF/MWPC gates only could be determined
for telescopes 3-15 . The corresponding numbers are shown in Fig . 18a) (for
the first two telescopes the high background level of scattered particles does
not permit to identify kaons with the TOF/MWPC gates only) . The detec-
tion effiencies are in range of - 10 . . . 30% . The main kaon losses are due to



a probability of only about 30% that a decay muon or pion entern the veto
counter (limited solid angle), to kaon-scattering out of the telescopes in the
first degrader and to hadronic interactions in the telescopes . The decreasing
efficiency from telescopes #6 to #15 is caused by dncreasing thicknesses of the
detectors and degraders . The step between #8 and #9 is due to the Cerenkov
counters installed in telescopes #9-15 ; between telescopes #12 and #13 there
is, for technical reasons, a significant increase of the distance between the
DE and veto counters . In the lowest telescopes higher thresholds in the DE
counters had to be used for kaon identification in order to suppress scattered
background which leads to decreasing efficiencies .
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Fig . 18 . a) Measured K+-detection efficiencies in the individual telescopes . b) Cor-
rection factors which take into account the losses of K+-counts due to the narrow
TOF and energy-loss gates used in the off-line analysis at 1 .0 GeV.

The Cuts set an the spectra in the analysis of the data obtained at the lowest
projectile energies were narrower than those for Tp = 2 .3 GeV in order to
suppress background as efficiently as possible . This leads to an additional loss
of kaon events . Consequently, the obtained numbers of kaons at low energies
also have to be corrected for the efficiencies shown in Fig . 17b) which were
determined through a comparison of the numbers of identified K+-mesons at
2 .3 GeV with wide and narrow TOF and energy-loss gates .

Figure 19 shown the number of identified K+-mesons in each telescope cor-
rected for the efficiencies from Fig . 18 . Except for the above mentioned cor-
rections for decay-in-flight and the different momentum bites and solid an-
gles covered by the individual telescopes, the spectrum shown in the figure is
proportional to the double-differential cross section d2 u/d52dp for kaons pro-
duced in p(LOGeV) -1- 12 C -+ K+X reactions and emitted into forward angles
19 < 12° .
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Fig . 19 . Momentum distribution of K+-mesons produced in a carbon target at
Tp = 1.0 GeV. The numbers are not corrected for losses from decay-in-flight be-
tween target and stop counters and the different momentum bites of the telescopes
(see Table 2) . The error bars include the statistical uncertainties as well as the ones
from the telescope-efflciency calibration .

5 Outlook

First measurements of K+-momentum distributions in pA collisions at emis-
sion angles around 0° have been performed with the ANKE spectrometer at
beam energies in the range Tp = 1 .0 . . .2 .3 GeV. It has been shown that
ANKE and its K+-detection system allow to identify the kaons out of a 106
times higher background of pions, protons and scattered particles . In order to
extract double differential cross sections from the number of identified kaons
shown in Fig . 19, one still has to correct for decay-in-flight between target and
stop counters (30 to 36% of the kaons reach the counters) and the different mo-
mentum bites covered by the telescopes . Absolute normalization of the cross
sections will be obtained from a comparison of 7r+-data taken at ANKE with
known 7r+-production cross sections [19,20] . The results of the corresponding
analysis procedures will be presented in forthcoming publications .

Acknowledgements

24

-------------------------- ----------- ------------------------------------ --------------

-	-------------------------! _______ ._______1----------

-

---------------- ---------------

1 5 10 15
Telescope number

We would like to acknowledge the Support we received for performing these
first measurements at the ANKE spectrometer . The COSY-accelerator crew
did an excellent job during beam-preparation and the experiments . Financial
support from the following funding agencies was of indispensable help : Georgia
(Department of Science and Technology), Germany (BMBF: grants WTZ-
RUS-649-96, WTZ-RUS-666-97, WTZ-RUS-685-99, WTZ-POL-007-99 ; DFG :
436 RUS 113/337, 436 RUS 113/444, 436 RUS 113/561, State of North-Rhine



References

25

Westfalia), Poland (Polish State Committee for Scientific Research : 2 P03B
101 19), Russia (Russian Ministry of Science, Russian Academy of Science :
99-02-04034, 99-02-18179a) and European Community (INTAS-98-500) .

[1] V.P. Koptev et al ., JETP 67, 2177 (1988) .

[2] S . Schnetzer et al ., Phys . Rev . C 40, 640 (1989) ; A. Shor et al ., Nucl . Phys . A
514, 717 (1990) ; W. Cassing et al ., Phys . Lett . B 238, 25 (1990) ; H . Müller, K .
Sistemich, Z. Phys . A 344, 197 (1992) ; A.A. Sibirtsev, M . Büscher, Z. Phys . A
347, 191 (1994) ; W. Cassing et al ., Z. Phys . A 349, 77 (1994) ; A.A. Sibirtsev,
Phys . Lett . B 359, 29 (1995) ; M. Büscher et al ., Z. Phys . A 355, 93 (1996) ;
M. Debowski et al ., Z. Phys . A 356, 313 (1996) ; A.A. Sibirtsev et al ., Z. Phys .
A 358, 357 (1997) ; A . Badala et al ., Phys . Rev . Lett . 80, 4863 (1998) ; YÜ.T .
Kiselev et al ., J. Phys . B 25, 381 (1999) .

[3] E.Ya . Paryev, Eur. Phys . J. A 5, 307 (1999) .

[4] M. Büscher et al ., Z. Phys . A 351, 333 (1995) .

[5] W . Borgs et al ., COSY Proposal no . 18 (1991), unpublished .

[6] M. Büscher, Ph.D . Thesis, Universität zu Köln (1992) .

[7] M. Büscher et al ., Proc . Int . Conf. an Mesons and Nuclei at Intermediate
Energies, Dubna, Russia, May 3-7, 1994, World Scientific Publishing, editors
M.K.Khankhasayev and Z .B.Kurmanov, ISBN 981-02-1787-0, p .446 (1994) .

[8] O .W.B . Schult et al ., Nucl . Phys . A 583, 629 (1995) .

[9] S . Barsov et al ., Nucl . Instr. Meth. A 462/3, 364 (2001) .

[10] S . Barsov et al ., Proc . 16th Int . Conf. an Magnetic Technology, Sept . 26 - Oct .
2, 1999, Ponte Vedra Beach, USA, Trans . Appl . Superconductivity 10, 1 (2000) ;
H .J . Stein et al ., Rev . Scient. Instr . in print .

[11] H . Müller, Z. Phys . A 339, 409 (1991) .

[12] R. Schleichert, Ph.D . Thesis, Technische Hochschule Aachen (1996) .

[13] L. von Horn, Ph.D . Thesis, Universität zu Köln (1996) .

[14] H . Junghans, Ph.D . Thesis, Universität zu Köln (1999) .

[15] M . French et al ., Nucl. Instr . and Meth . A 343, 222 (1994) .

[16] W. Erven et al ., IEEE Trans. Nucl . Sci . 45, 852 (1998) .

[17] A . Schneider, Ph.D. Thesis, Universität zu Köln (1998) .

[18] A . Franzen, Ph.D. Thesis, Universität zu Köln (1996) .



26

[19] V.V . Abaev et al ., J . Phys. G14 903 (1988) .

[20] J . Papp et al ., Phys. Rev. Lett . 34 601 (1975) .



022301-1

DOI : 10 .1103/PhysRevLett .87 .022301

VOLUME 87, NUMBER 2

	

PHYSICAL REVIEW LETTERS

Forward K+ Production in Subthreshold pA Collisions at 1.0 GeV

V Koptev, 1 M. Büscher,2 H. Junghans ,2 M. Nekipelov, 1,2 K. Sistemich,2 H. Ströher,2 V Abaev, 1 H.-H . Adam , 3
R. Baldauf, 4 S. Barsov, 1 U. Bechstedt,2 N. Bongers ,2 G. Borchert,2W. Borgs, 2 W Bräutigam ,2W. Cassing, 5
V Chemyshev,6 B . Chiladze, 7 M. Debowski, 8 J. Dietrich , 2 M. Drochner, 4 S . Dymov, 9 J. Emst, loW Erven, 4

R. Esser," ,* P Fedorets,6 A. Franzen , 2 D. Gotta,2 T. Grande , 2 D. Grzonka,2 G. Hansen, M. Hartmann,2 V Hejny, 2
L. v. Horn,2 L. Jarczyk, 13 A. Kacharava,9 B. Kamys, 13 A. Khoukaz,3 T. Kirchner,$ S . Kistryn, 13 F. K1ehr, 12
H. R . Koch , 2 V Komarov,9 S . Kopyto, 2 R. Krause, 2 P Kravtsov, 1 V Kruglov,9 P Kulessa,2,15 A . Kulikov,9,14
V Kurbatov,9 N. Lang,3 N. Langenhagen, $ 1 . Lehmann ,2 A. Lepges, 2 J . Ley, 11 B. Lorentz, 2 G. Macharashvili, 7,9
R. Maier, 2 S . Martin, 2 S . Merzliakov, 9 K. Meyer,2 S . Mikirtychiants,' H . Müller,$ P. Munhofen,2 A. Mussgiller, 2
V Nelyubin, 1 M. Nioradze,' H . Ohm,2 A. Petrus, 9 D. Prasuhn,2 B . Prietzschk, 8 H.J . Probst, 2 D. Protic, 2 K. Pysz, 15

F. Rathmann,2 B . Rimarzig, 8 Z. Rudy, 13 R. Santo,3 H. Paetz gen . Schieck, 11 R. Schleichert,2 A. Schneider,2
Chr. Schneider,$ H . Schneider, 2 G. Schug, 2 O.W B . Schult,2 H. Seyfarth,2 A. Sibirtsev,2 J . Smyrski, 13

H. Stechemesser, 12 E. Steffens,'6 H. J . Stein, 2 A. Strzalkowski, 13 K.-H . Watzlawik,2 C . Wilkin, 17 P. Wüstner,4
S . Yashenko,9 B . Zalikhanov, 9 N. Zhuravlev,9 P. Zolnierczuk, 13 K. Zwo11, 4 and I . Zychor 18
'High Energy Physics Department, Petersburg Nuclear Physics Institute, 188350 Gatchina, Russia

21nstitutfür Kernphysik, Forschungszentrum Jülich, D-52425 Jülich, Germany
31nstitutfür Kernphysik, Universität Münster, W.-Klemm-Strasse 9, D-48149 Münster, Germany

4Zentralinstitutfür Elektronik, Forschungszentrum Jülich, D-52425 Jülich, Germany
5Institut für Theoretische Physik, Universität Gießen, IL-Buff-Ring 16, D-35392 Gießen, Germany

61nstitute for Theoretical and Experimental Physics, Cheremushkinskaya 25, 117259 Moscow, Russia
High Energy Physics Institute, Tbilisi State University, University Street 9, 380086 Tbilisi, Georgia

8Institutfür Kern- und Hadronenphysik, Forschungszentrum Rossendorf D-01474 Dresden, Germany
9Laboratory of Nuclear Problems, Joint Institutefor Nuclear Research, 141980 Dubna, Russia

loInstitutfür Strahlen- und Kernphysik, Universität Bonn, Nußallee 14, D-53115 Bonn, Germany
"Institutfür Kernphysik, Universität zu Köln, Zülpicher Strasse 77, D-50937 Köln, Germany

1Z Zentralabteilung Technologie, Forschungszentrum Jülich, D-52425 Jülich, Germany
13 1nstitute of Physics, Jagellonian University, Reymonta 4, 30059 Cracow, Poland

14Dubna Branch, Moscow State University, 141980 Dubna Moscow Region, Russia
15The Henryk Niewodniczanski Institute ofNuclear Physics, Radzikowskiego 152, PL-31342, Cracow, Poland

16 Physikalisches Institut 17, Universität Erlangen-Nürnberg, Erwin-Rommel-Strasse 1, D-91058 Erlangen, Germany
'Physics Department, UCL, Gower Street, London WC1 6BT, United Kingdom
18The Andrzej Soltan Institute for Nuclear Studies, PL-05400 Swierk, Poland

(Received 3 April 2001 ; published 21 June 2001)

K+-meson production in pA (A = C, Cu, Au) collisions has been studied using the ANKE spectrome-
ter at an internal target position of the COSY-Jülich accelerator. The complete momentum spectrum of
kaons emitted at forward angles, B <- 12°, has been measured for a beam energy of Tp = 1.0 GeV, far
below the free NN threshold of 1 .58 GeV The spectrum does not follow a thermal distribution at low
kaon momenta and the larger momenta reflect a high degree of collectivity in the target nucleus .

A central topic of hadron physics is the influence of the
nuclear medium an elementary processes . This question
can be studied by measuring the production of mesons in
nuclei using projectiles with energies below the threshold
for freeNN collisions (so-called subthreshold production) .
These processes necessarily involve cooperative effects of
the nucleons inside the target nucleus . The investigation of
K+ production is particularly well suited for this purpose
since the meson is relatively heavy so that its production
requires strong medium effects . Furthermore, the K+ scat-
ters little in nuclear matter so that its final-state interactions
are expected to be small .

Proton-induced K+ production at subthreshold energies
has been studied at several accelerators . Total cross

PACS numbers : 25 .40 .Ve, 13 .75 .Cs, 29 .40.-n
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sections have been measured at the Petersburg Nuclear
Physics Institute (PNPI) synchrocyclotron for targets
between Be and Pb and projectile energies Tp from 0.8 to
1 .0 GeV [1] . The results were discussed in terms of differ-
ent models [1-5], in particular, of single- or two-step reac-
tions involving the creation of an intermediate pion . It was
concluded that additional experimental data were needed
for an unambiguous determination of the reaction mecha-
nism and the extraction of the information an nuclear-
medium effects . Inclusive differential cross sections for
pA interactions have been studied at BEVALAC [6],
SATURNE [7], and CELSIUS [8] . Partial momentum
spectra have been obtained at laboratory emission angles
of 10°,

	

15 °, 35°, 40°, 60°,

	

80°, and 90°, at projectile

022301-1



VOLUME 87, NUMBER 2

energies down to 1 .2 GeV, and evidence for the domi-
nance of the two-step processes has been observed at the
lowest Tp . Subthreshold production has also been studied
at the Institute of Theoretical and Experimental Physics
(Moscow, Russia) synchrotron [9], where kaons with high
momenta were identified at projectile proton energies of
1 .75 to 2.6 GeV, and in heavy-ion reactions at GANIL
[10] and GSI [11] .
The COoler SYnchrotron COSY-Jülich [12], which

provides proton beams in the range Tp = 0.04-2.65 GeV,
is well suited for the study of K+ production. In mea-
surements with very thin windowless intemal targets,
secondary processes of the produced mesons can be
neglected . Subthreshold K+ production was a prime
motivation for building the ANKE spectrometer [13,14]
within one straight section of the COSY ring . It consists
of three dipole magnets D1-D3, see Fig . 1, which
separate forward-enitted reaction products from the
circulating proton beam and allow a determination of their
emission angles and momenta . The layout of the device,
including detectors and the data-acquisition (DAQ) sys-
tem, was optimized for the study of K+ spectra down to
Tp = 1 .0 GeV . This is a very demanding task because of
the Small K+ production cross sections, e.g ., 39 nb for
pC collisions at 1 .0 GeV [1] . Kaons have to be identified
in a background of secondary protons and pions which
is up to 106 times more intense . K+ identification is
described in detail in [15,16] ; only basic features of the
procedures are summarized here .
The COSY ring was filled with 2-4 X 10 1° protons per

cycle and cycle times were typically 30 s . The protons
were accelerated to 1 .0 GeV an an orbit below the tar-
get and then raised by steerers such that the rate in the
ANKE detectors was kept constant and an a level that
could be handled by the DAQ system . Thin strip targets
of C (polycrystalline diamond), Cu, and Au with thick-
nesses of 40-1500 ,ccg/cm 2 were used . Reaction products
were detected with an array of 15 range telescopes posi-

022301-2
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FIG. 1 . Top view of the ANKE spectrometer in the COSY
ring and detectors used for K+ identification. The inset Shows
the components of one of the range telescopes . Typical kaon
trajectories are indicated . Details can be found in [13-16] .
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tioned along the focal surface . The time of fflght (TOF)
was measured with 0.5 to 2 mm thick start scintillators
(23 detectors of 5 cm width) and 1 cm thick (10 cm wide)
stop scintillators which are components of the telescopes ;
see Fig. 1 . Because of the momentum focusing of the
dipole D2, the telescopes can be used to identify differ-
ent ejectiles via their ranges : protons are stopped before
reaching the DE counters, K+ mesons come to rest before
the veto counters, while pions give signals in all detectors .
Copper degraders are used to slow down the kaons in front
of the DE counters (degrader 1) and prevent them from
reaching the veto counters (degrader 2) . Pions and muons
from the decay of stopped kaons are emitted isotropically,
and partially detected in the veto counter, with a character-
istic delay corresponding to the kaon lifetime T = 12.4 ns .
The multiwire proportional chambers MWPC 1 and 2 al-
low one to determine the ejectile tracks and hence separate
particles originating from the target from scattered Back-
ground, e.g ., from the pole shoes of D2. Applying the
criteria (i) TOF, (ii) energy losses in the scintillation Coun-
ters, (iii) delayed signals in the veto counters, and (iv) track
origin in the target, it is possible to identify unambigously
K+ mesons [15] . Criteria (i) and (iii) were applied on-line
to decrease the amount of data written to tape .
The typical number of identified K+ mesons, Nel(i), in

one telescope i during a four days tun an C was 100 .
Since each telescope covers a given momentum range, the
NiK determine directly the momentum distribution . The
accepted momentum bites range from 13% at the low-
momentum side of the telescope array (-150 MeV/c)
to 7% for high momenta (-510 MeV/c) . The vertical
angular acceptance of ANKE varies between *v = ±7°
and -!- 3.5° for the low- and high-momentum telescopes,
respectively. In the horizontal direction, ejectiles with
emission angles WH 1 < 12° were accepted by the on-line
TOF-trigger system [15] .

Double differential cross sections for K+ production
were obtained from Nel(i) by comparison with the num-
ber of pions N p(i) detected in the stop counters of the
same telescope, which were measured in dedicated calibra-
tion runs . The ratio of K+ and 7T+ counts was corrected
for the different detection efficiencies E and normalized to
the corresponding luminosities (deduced from count rates
M' and MK in monitor counters ; see below) and to the
cross sections of iT+ production in pC interactions in the
forward direction at 1 .0 GeV [17-19] . Because of their
much larger production Cross section, pions can be identi-
fied applying only criteria (i) and (iv) . The Cross section
is thus given by

d20-K _

	

_d2 o " Nel(i) M' 1
dfldp

	

dndp Nstop(i) MK E '

E =
Eel (i) EMWPC(i) Edecay
or a ar

Estop(i)EMWPC(i) Edecay

9 JuLY 2001

where Eel(i) is the K+ -identification efficiency of the ith
telescope including the detection probability for the decay
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muons and pions . Only events where veto counter signals
were delayed by at least 2.5 ns with respect to those of the
stopped kaons were considered . The efficiencies, Etet(i) --
0.1-0.3, were obtained from a calibration run at TP =
2.3 GeV, where K + production is significantly larger [15] .
The average pion detection efficiencies are e'op(l) _

0.98 . The MWPC efficiencies EMwpc are in the range
0.97-0.99 both for pions and kaons . Edcay and Eäecay take
into account losses in ffight between target and stop coun-
ters ; they were determined by simulations as 0.30-0.36
for kaons and 0.85-0.88 for pions . Relative monitoring of
the proton beam interacting with the target nuclei A (MÄ
and MA ) was done with an accuracy of 2% using fourfold
coincidences of stop counters 2, 3, 4, and 5, which in this
arrangement directly look to the target detecting ejectiles
bypassing the spectrometer dipole D2.
Our double differential cross section for K + production

in proton-carbon interactions at Tp = 1 .0 GeV is shown in
Fig . 2(a) . In contrast to measurements at higher energies
[6-9,20], ANKE reveals, for the first time, a complete
momentum spectrum at deep subthreshold energies .
The low-momentum part of the K+ spectrum in

Fig. 2(b) cannot be described by a thermal distribution,
E/p2 d 2 o-ldpdfl « exp(-T*/To), where T* is the
K+ kinetic energy in the beam-proton nucleus system.
Such distributions had been assumed to deduce total
cross sections from earlier measurements with limited
momentum intervals [6-8,20] .
A high degree of collectivity is needed in the target nu-

cleus to allow K+ production far below the free NN thresh-
old ; i .e ., the number of target nucleons involved must be
significantly larger than 1 [1-5] . Alternatively, high in-

022301-3

FIG . 2 .

	

(a) Double differential K+-production cross section for
the p(1 .0 GeV) 12C - K+(,9 <- 12°)X reaction as a function of
the K+ momentum . (b) Same data plotted as invariant cross sec-
tion . The error bars are purely statistical . The overall normaliza-
tion uncertainty is estimated to be 10% . The solid lines describe
the behavior of the invariant cross section within a phase-space
approximation [Eq . (2)] .
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sl = s + mK - 2EK(Tp + [l + 1]MN)
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trinsic momenta of the participating target nucleon(s) are
required to supply the missing energy for subthreshold
kaon production. This is particularly the case for the high-
momentum part of the kaon spectrum : internal momenta of
a single nucleon of at least PN - 350(550) MeV/c would
be needed in order to produce kaons in the forward direc-
tion with momenta of PK -., 260(500) MeV/c . High mo-
mentum components above -V500 MeV/c are essentially
due to many-body correlations in the nucleus [21] .
To get a rough estimate of the number of participating

nucleons, we describe the invariant cross section within
a phase-space approximation . This method has previ-
ously been applied to K + -production data [20] in order
to compare spectra obtained under different kinematical
conditions [6,7,20] . The invariant cross section for the
p + (1N) - (lN) + A + K+ reaction is then

E d20-

	

(s, - mit - l 2mN) 2 - 4mnl2mN
«p2 dpdf

	

sl , (2)

where mA and mN are the A and nucleon masses, respec-
tively . l is the number of nucleons involved in the interac-
tion and

+ 2PKPp COSBK .

	

(3)

MK, EK, PK, and OK are the kaon mass, total energy,
momentum, and emission angle, respectively, while Tp
and pp denote the beam energy and momentum . s is the
square of the center-of-mass energy of the incident proton
and the l target nucleons . The solid lines in Fig . 2(b) show
the momentum dependence of the invariant cross section
from Eq . (2) for l = 4, 5, 7 . Although this neglects the
intrinsic motion of the l target nucleons, it shows that kaon
production at Tp = 1.0 GeV can be understood only in
terms of cooperative effects with the effective number of
nucleons involved in the interaction being -5-6. It has
been suggested [1-5] that such cooperative effects can
be described in terms of multistep mechanisms or high-
momentum components in the nuclear wave function .

It has also been pointed out [1-5] that the mechanism
of subthreshold K+ production might be identified from
the A dependence of the production cross section . The
total cross sections measured at PNPI in the energy range
Tp = 0.8-1 .0 GeV scale as o-tot « At [1] . This behavior
has been interpreted in terms of a two-step mechanism with
the formation of an intermediate -ff meson .
We used targets of widely different masses to deter-

mine the A dependence of the differential cross sections .
All measurements were carried out with the same geome-
try and detection system at ANKE and the same proton
beam settings . The ratios of the kaon-production cross
sections for various nuclei as a function of kaon momen-
tum 0-n

+/~C+
are therefore equal to the corresponding

ratios of kaon count rates in the individual telescopes, nor-
malized to the pinn cross-section ratio at a momentum of

022301-3
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507 ± 17 MeV/c detected in telescope No . 15 :
x x x

aTc

	

(
N~ )(i) MÄ CNÄ 1

0-A

	

NA

	

C C

	

'r ZAM_MA(15) Mc (Ca'/(ts)

	

(4)

The cross-section ratios for producing pions with momenta
around 500 MeV/c in the forward direction in pA colli-
sions were measured to better than 10% by several groups
in the 0.73-4.2 GeV energy range [16-19] . All uncertain-
ties from the efficiency correction e in Eq . (1) cancel out
for such ratios . The results for Cu/C and Au/C are shown
in Fig . 3 .
The ratios are almost independent of the K+ momentum .

The solid lines in Fig . 3 indicate fits with constant val-
ues ; R (Cu/C) = 4.0 -!- 0 .3 and R (Au/C) = 6.8 -!- 0 .8 .
These values should be compared to the expected ratios
if the cross sections scaled as AI : R(Cu/C) --- 5 and
R(Au/C) - ., 16. Our data show a significantly weaker A
dependence with an exponent closer to 2/3 . This is in con-
trast to the behavior of the total cross sections at the same
beam energy found in [1], where kaon production was de-
scribed in terms of the two-step mechanism . It is possible
that, due to rescattering of the produced kaons in the target
nucleus out of the angular acceptance of ANKE, there is a
kaon deficiency at high momenta and Small angles . Since
this effect should be stronger for heavier targets, it might
account for the weaker A dependence of the differential
cross section .

Summarizing, we have measured small-angle K+ pro-
duction at Tp = 1 .0 GeV, which is far below the free
NN threshold . The low-momentum part of the K+ spec-
trum does not follow a thermal distribution whereas the
high-momentum part reveals a high collectivity of the tar-
get nucleus . Within a simple kinematical model, about

R
0

c
0

dN
N
ö
V
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FIG. 3 .

	

Ratios of the K+ production cross sections for Cu/C
and Au/C as a function of the kaon momentum . The solid
horizontal lines indicate a fit by a constant value . The dashed
lines illustrate the ratios if the cross sections scale like A2/3
(dashed line) and A ' (dash-dotted line) .
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5-6 nucleons are needed to allow kaon production with
momenta px - 500 MeV/c. Altematively, intrinsic mo-
menta of at least PN - 550 MeV/c are required if such
kaons are produced in a collision with a single target nu-
cleon . The target-mass dependence of the differential cross
sections Shows a scaling significantly weaker than those of
the total cross sections [1] . The latter have been inter-
preted in terms of two-step K+ production . It remains to
be shown by microscopic calculations whether this finding
is due to rescattering effects of the kaons in the target nu-
cleus or whether it is a reflection of Single-step kaon pro-
duction with high-momentum components in the nuclear
wave function .
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10:00

	

Welcome
10:10

	

M. Büscher (FZJ)

	

Status of ANKE and planned measurements an pp -> dao+
10:40

	

Yu. Kalashnikova (ITEP) Scalar mesons: Why they are interesting
11 :10

	

L. Kondratyuk (ITEP)

	

Properties of the ao/fo(980) mesons
11 :40

	

V. Grishina (INR)

	

ao production at COSY energies

L. Kondratyuk
13 :30

	

J. Haidenbauer (FZJ)

	

Description of the ao/fo(980) mesons with the Jülich model
14:00

	

A. Kudryavtsev (ITEP)

	

Perspectives of ao- studies
14:30

	

V Tarasov (ITEP)

	

A possibility for direct measurements of ao/fo mixing
14:50

	

B. Kerbikov (ITEP)

	

Superallowed ao/fo mixing

H. Ströher
16 :00

	

Round-table discussion : Perspectives of the aoi
- studies with ANKE

17:00 Dinner

Friday, July 14

v
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t
Workshop an "ap Physics with ANKE"

July 13/14, 2000
ITEP, Moscow

M. Büscher
10 :00

	

V. Kleber (FZJ)

	

Simulations for the ao+ studies with ANKE
10 :30

	

N. Lang (Münster)

	

Status of the cluster-jet target
11 :00

	

V. Komarov (JINR)

	

The ANKE forward detectors and luminosity monitoring

11 :50

	

Chr. Leim (FZJ)/
G. Macharashvili(JINR)

	

Preparation of the forward Cerenkov counters
12:10

	

H. _Junghans (FZJ)

	

Data-analysis software
12:30

	

1. Lehmann (FZJ)

	

Luminosity monitoring with the spectator counters

14 :00

	

Excursion to experimental facilities of ITEP

K. Sistemich
15 :00

	

V. Chernyshev (ITEP)

	

Future activities at ITEP/Status of the pellet target
15 :30

	

H. Ströher (FZJ)

	

Future activities at ANKE

M. Büscher
16:30

	

Concluding discussion :

	

Future activities, responsibilities, . . .



Thursday, June 21: K+-production in proton-nucleus collisions

Friday, June 22: ANKE experiments an to, ao(980)lfo(980), A and E production

2nd ANKE workshop an
"Strangeness production in pp and pA interactions at ANKE"

June 21122, 2001
PNPI, Gatchina
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Chairperson : V. Koptev
10:00 A.A . Vorobyev (tobe conf .) Welcome
10:10 M. Büscher (FZJ) Status of K+-measurements with ANKE at COSY-Jülich
10:40 R. Koch (FZJ) Luminosities during ANKE experiments (A dependence)

11 :00 Coffee
V Koptev

11 :30 M. Nekipelov (PNPI, FZJ) Data an K+-production in pA collisions from ANKE
12:00 A. Sibirlsev1M. Büscher (FZJ) Compilation of existing data
12:30 Discussion : Experimental situation in K+-production from nuclei

13:00 Lunch
W Cassing

14:30 Z. Rudy Results of CBUU calculations
15:00 E. Ya . Paryev (INR) Folding-model calculations I
15:30 A . Sibirtsev (FZJ) Folding-model calculations II
16:00 M. Büscher (FZJ) First results of the ROC-model calculations

16:30 Coffee
W Cassing

16:40 Discussion : What have we learned about K+-production in nuclei?
17:15 V Koptev (PNPI) Future K+-measurements with ANKE
17:45 M. Hartmann (FZJ) Measurements with the K--detection system

19:00 Dinner

H. Ströher
10:00 V Kleber (FZJ) Results of the measurements an pp --> dao+(980)
10:40 Discussion : Which further experimental information is needed from ANKE?
11 :10 M. Büscher (FZJ) Planned ao(980)/fo(980) measurements at ANKE

11 :30- Coffee

H. Ströher
12:00 P. Kravchenko(PNPI) Measurement of the A/E ratio at ANKE
12:30 Discussion
13:00 V Chernyshev (ITEP) Status of the pellet target for ANKE

13:30 Lunch
M. Büscher

15:00 S. Barsov (PNPI) Data an w-meson production an neutron targets from ANKE
15:30 A . Mussgiller (FZJ) Target-near counters for spectator tagging

A . Mussgiller (FZJ) Future spectator and vertex counters for ANKE
16:15 H. Ströher (FZJ) Long-term perspectives, final discussion
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Srrt11r11ary

lt is intencled to build a facility for studier of e.jectiles wider very stnall arlgles at tlle
interna.l target plac.c 1'1'2 of COSV . A systern of tllrce dipole nlagnets is envis;lgecl to
separate the ejectiles out of the projcctile bearn (whicll exllcriences a closed cubit bu111p) .
`l'his '1'hreshold Physics Ilacility will mahle a larLre v ;Lricty of extx~rilnent5 especially at
threshold, with thin targets and tlw circtll ;Ltini; coolcd cn . uncooled Ix'a1u .

Srubthresllolc1 IC' 1>ro(Inc:tion i n proton-nucleus interaction leas beeil studied for proton

energies betwecn 800 and 10011 Mev irnpinglng an t;Lrl;cts of varicnls nuclei frone 13e to

Pb .

	

,
.~r

W. 13orgs, 1) . Gotta., II .R . Koch, \V . Oelert, 11 . ()11111,

	

Schult,
11 . Seyfartll, IC . Sisteruich

Institut für Kernlrllysik, Kernforschungsanlage Jülich, Postfach 1913,
5 170 ,Jülich, VT. . Gcrnlany

F .

	

l l i n terhcrger
Institut für Strahlen- und Kernnlrllysik der lJnivcrs1 tü.t 1301111, Nu(1 ;LIIcx' 19-.I G,

5300 13otln, V.I1. . (~rr111ar1y.

Thceshold l'hvsics l~acilitV ;.t `1'1'2 in C;OSYAlls~llei0l
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I't',LLC1 111 1111,v11t

roll a

151;- -1 : Incausil-c' li' luocluc(.iccn cross
scctions rrlcasurccl [R] (1111ing the

bonrlrtrdrrrc'nt of various targets Lvith

protons. 7'he fall live is the prccliction

of tlrc rrwan -frchl n1odc'1 [,c)1 and tlrc

h ;lt.ched rcgions gir.c tll( .' Cross scctions

ol)trtirr( ,d witll tlle assnnlption crf a.

t11o-stop K' lrrirductiou rrrecharrisrn [5[
1vhere (.he First stet) is

	

lrroduction.71



production:
expected Cross sections

102

10-2

10-4

10-6

p +'2C ---> Hadron + X (ROC model)
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Cevi sed

	

COSY 1, ro )osal ~,Rt4gF tyt[rilt~1c

Title of Experiment Study of the Subthreshold K+ Pro-

duction with-a 0° Facility at TP2 in COSY

W. Dorgs, M. Büscher, D. Gotta, D. Grzonka,Collaborator s ILR. Koch, W. Oelert, Il . Ohm, O.W.B . Schult
II . Seyfarth, K. Sistemich, K.H . Watzlawik

For Lab . use
Exp No. :
COSY

18
IKI', KFA Jülich, Germany

J. Ernst, F. IIinterberger

	

ISKP Univ . Bonn, Germany
L. Jarczyk, D. Kamys,St . Kistryn,A . Kozela,

	

Inst . of Phys.,Jagellonian
J . Smyrski, A . Strzalkowski

	

Univ., Cracow, Poland
S. Diene], K.W . Leege, II . Müller,

	

ZfK Rossendorf, Dresden,Chr. Schneidereit

	

Germany
S .V . Dshemuchadze,V .I . Komarov,V. Lyachenko

	

JINIt Dubna, 6loscow, USSitF. Nichitiu,V . Travkin,I3 .Zh. Zalyhanov,N.I . Zlruravlev
V. Koptev, V. Abaev

	

UM Gatchina, USSIt
1' . Bitien

	

EI' Division,CEIIN,Geneva,Switzerland
W . Cassing

	

Inst.f.Tlreo .I'hys .,Univ . Gießen,Gernrany
11 . Dombrowski, It. Santo

	

IKP, Univ . Münster, Germany
Spokesman for collaboration :

	

Naine:

	

K . Sistemich

Address:

	

Institut für Kernphysik, Forschungszentrum Jülich
Postfach 1913, W-5170 Jülich, Germany

Telephone : 02461-613100

	

Computer Mail Address : KPIl 208 at DJU KFA 1 1

What equipment, floorspace etc . i s exl)ected frorn ICFA/IKl'

0° Facility

	

at TPZ

4

Type of bearn Momenturn range Intensity or internal reaction rate
(p,d,polarization) (Mev/c) (1)articles per second)

P cooled 1500 - 2400
minimurn needed maxirnum useful

or uncooled 107 10 11

Type oftarget Total nurnber of beam Earfiest date of Safety aspects
H2,D2,C,Cu,Pb particles needed installation (if any)

etc . 10 16

jet, ribbon (4 W) end of 1993



L_ . Phys . A 356, 313 325 (1996(

Subthreshold K+ production in proton-Ilucleus collisious
n1 . USboi~~'ski l ' S, It . Bartb i , ~I . 13oivin 3 , l' . l,c 13orncc 2 , ~1 . ( .'icslak 5 , P1 . 1' . (.'omels 2 , 1'. ('ourtal 2 , It . (:acouguollc-,1? . Grosscl, '1'. Kirclurcr2*, .1 . A1 . Martin', U . ~liskor~icc l , ( .' . ~lüulz l " , , H; . Sclnwahl, 1' . Seliger ( , C . Sturm'1 ,13 . 'I'atischeff , A . 1i'agncr' , tV .

	

alus5 N . ~Villis 2 , lt . ~Vurzingcr3 , .1 . 1'onnct', A . 7,glriche',
Gcscllsclrtll für Schtvcrioncnlinsclntng, D-64291 DarnisLttll . (icrm;uty'- Institute de Physique Nticlcaiie, IN21'3 ('NRS, P_91406 Or% ;tx, I ranec
t .;ihoratoirc National Saturns, 1-91191 Gif-sur-1'vctlc ('cclcx, Trancei leclutischc Hochschule Danosla(Il, D-64289 Dannsladl, Gctmany

5 Jagicllonian Univcrsily, PL-30(159 Krakciw, PoLincl

Reccived : 4 Altnil 1996 / Itcviscd vcrsicnt : 4 Jul_v 1996

Coinnuuiicttlc(1 by V, NJctag

Ahslraet . Double dillcrential K' cross sections Baue beeil
nica.sured in p 1-C collisious at

	

1 .2

	

1 .5 and 2.5 GeV beain
energy and in 1rt hb collisious ;lt

	

1 .2 and

	

1 .5 GeV . The K'
spectrum taken at 2 .5 GeV can be reproduced (lunntilativcly
by a model calculation which takes into account li(st Chance
proton-ntlcleon collisious and internal inoinentuin with en-
ergy distribution of' imclcons according to tl(c sltcctral Ilttic-
tion . At 1 .2 and 1 .5 GeV beain energy the K data excess
significantly tlie model piedictions Ion first Chance collisious .
When laking secondary processes into account the results of'
the calculations are in huch better agrecinent with tlie data .

Vol.unll: S0, Nunl13UR 22

I'ACS "(Mulleu : 25 . .10 .V e . 25 .111 .()4
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Subthrcsfroltl 1'r-otfuction of Low A1onientunr=irr p + (' at 1 .2 CcV

(i~ Sin ing cr-Vcrl ;tg 1996

~~-3CRS~~t,~,r

A. Badalä, l IZ . 13arbera, 1 .2 h'1 . 13assi, 2 A . 13onasera,3 N"- (iulino,l' 2 l . . I .ilnizzi,l A . Mascali, 2 A . I'alnteri,lG . S . I'a 3rlrllar(lo,l

	

I' . Riggi, l'-2 A . (' . IZusso,t (i . IZusso, 1 2 IZ . 'hurrisi, l

	

V. Dunin, .t c. 1?kstriini, 5 (i . I :ricsson, r,1 . I1(üsta(I,~ ,I . .lolialtssolt,~ 'I' . ,loltansson, 7 I_ . WCsterberg, 5 ,I . 1lonutczltuk, 7 and A .

	

GsevsC'cNanicr, Curcu /lalia 57, 19 5729('(Nrrnicr, l/rr/1-' Di/~arlirnc"nlu c/i /Zcica c/t'I/ Clnitc'r.silc) cli Crrlunin, Cnr,sn Ilalia 57, /95J229 ('ulania,`Lcrhurzrlurin Na~iunale c%l S'rrcl, I'ialr ;lnrhz'a Uariu, ('aturria, lRrll'3 .luinl 1n.clillm',/ur .Nnc'lc'ar lz('.\rcn( lr, Duhna, 10NY100 , Ilrr.tc'air . Ilrr.s .tia5 /7rc' ,S't'c'clhc'r,~ l.crltcrruhrri'. U/rlrsahr Uuirrr.cill . 13u.r 533, .S'-7,5121 C!/,h .sala . ,S'trc'c/<vrc'Ury~crrlnrc'rrl o/ r\4'ntron R(Ur'urc'/r. C~hlzcala Urrirc'r .cill'. 13m 535, ,S'-75/21 (llrlzccrkr, ,5'trt " rk'nr Dc'lnrrhrrc'rrl a/ Raclialkru .S'citvrc'cc . (71719 .eahr Uuircv .~ili', Box 535, S-7,512/ (~/,/zca/a . ,S'trc'clwrslrr .slilrrl/1ir 77r(v~rrli.cch (' l'hi'.ciG", Clnüc'r'.cihtl Giessen . U-35.192 (üc'.c .crn, (i<vrrrunt'(Recci\c(I 31 Oclctl)er 19 1)7)
'1 -he double diflcrential ei oss Seeäon 01 , lo\v nionielilt11n kaons (_ 0 .3 (icV/r) Bunt p

	

-{- (' collisiousat subtliresliol(I I)onibar(ling cncrgies has beeil 1101- Ilse tirst time nieasured by the use ohtlie ('l .nms( 11)nxignetic spectronreter installe(I at tlte ('LLSIUS slorage ring . Invorianl cross seclions extractc(I I"rctmthe data Show a sollt

	

iapidity shiRed belo\v fite nucleon-iwcle(ui rapidity, in agrcenient wich theexistence of, niultistep processes in the K' production cross section . "fite total cross sectioll of, tlieinclusi\'e reaction 1- ( . (/r, k'' ) at 1 .2 (ieV was extracled and compared willi recent data sysleniaiics as aILnction of'fhe proton bombaiding energy .
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K= felescort
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z. Pl� - . . A 355, 9 ;_100 (199(1)

K+-meson production in pBe interactions at T7, = 2 .9 GeV
1\1 . Büschel-', R. Eßer 1 , A. Franzen 1 , L.v. Horn', 1) . Kop

'
%to' . 11 . Ohm s , 11 . Scpfarth l , K . Sistemich l , 11 . Müller 2 ,

B. Prietzsch1, 2 , 13 . Rimar-rig'--, C. Schneider=, C. Schncidereit=, A. Akindinov', 1\4 . Clnnnakov', V. llemechin',
V. Ergakov', A. Gerasimov', V. Gor`,aclicv', Y. Kisele%', V. Kostromin', A.A . Sil)irtsev' 4 , V. Sopov', ~' . "I'chcrn~shcv',
V. Kruglov4 , A. Petrus4 , V. Koptevs, S. Alikirtych~ants~

p = 545 MeV/c

TOl" ~ls:Op

0 .0037 0.1 3)(0 .111)
0.0044 0-01(0.001 1)

4 3

Fig . 5a,b . oE spectra of (a) pions and (b) kaons. The measured andsimulated spectra are shown as solid and dashed lines, respectively
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K+ identifieation :
Range telescopes

K + Stop

Cerenkov

AE

10 cm

p , (64%) T - 12 .4 ns
I+- (21 °70)

E[!i!1'"~,:.; . .q,,!~: :~~ :1 :1`r~ 11 i!!F!!¬I!!'".,II'1'II!!III!!klp''I'!II!I'I!I

250 500 750 1000
Ot (Veto-Stop), (44ps/ch.)

N 1 .1äii

	

_5/()1



Kaon identification by
detecting delayed muons . . .

(V. Koptev et al., Gatchina,1980)

i = 12.4ns

T = 0.8

	

. . .1 .0 GeV
6 = 0.25 . . . 550 nb



Magnetic spectrometer
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Nuclc :ir I11stru11u'nts ;111(1 NIctllu(Is in 1 , 11csics Rrsc ;irclr A I(,? (,11()1) ?(,_1 ?NI

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
RESEARCH

Sc( .I,on A

t( w w .rlarvirr.11lilnr ;drininm

ANKE, a ilew f(acility for 111edit1111 ellergy hadroil physics at
COSY-Jülich

,~��Barsov", U. Bccliste(it'', W. Botlic', N. Boliucl's 1 ', G. 13orcllcrt l ', W. Borgs l ',
W. Br-iutigamM . I3üscl~crr .l, , W. C~tssin~;( 1 ,~V. C'I~crnysl~ev`, 13 . Cltil~t(Izc",

.l . DietrichM. Drochncr`, S . Dymovl '' I ', W. Ilrvclt , It . L;sscrl'.i .l A.
Franzen'',

Yc. Golubcva', D. Golta'', T. Gr~tl~clc'', D. (jrzorlka I ', n . I - larclt~' 1 ', M. 1 -larlm,tnn 1 ',
V. i-icjny l, ,

1- .v . Horn'', L . Jarczykf , 1-1 . .lultglt~tl~s 1 ', /~ . 1<<tclt~trava'' 1 ',
13 . Kamys k ,

A . Kliouk .tz l , '1' . Kirchner', 1" . Klcl~r", W. Klein ( ', I-I .R . Koch

	

V.I . Kornarov
L . Kon(Ii-,tlyuk`, V. Kol)tuy' 1 , S . KohytoR. Krause1' . Kravlsov''', V . I<ruglov l ',
1' . Kulcssa l"k , A. Kulil<ov l ' I', N . Lang l , N. L~tl~gcnl~~lgel~"', A. Lehgcs l ', i . Ley',
R. Maier'', S. Nlartln'', G. M,tcllarasllvili 1	S . Mcrzliakov l ' I', I< . Mcycr l ',

S.� -Nlik hlychiants`', I-i . Müller"', I' . Mul~liolcn'' . A. Muss(-, illcr` 1 ,
V . Nclyubin`', M. Niora(izc", I-1 .

	

13 . Prictzschk
1-I . .I . Probst'', K. Pysz'*, F . IZall1trnann 1 , 13 . Rim~trziZ_ . Rucly~, R. S~tnto 1 ,

1-1 . Paelz geil . Schieck', IZ . Schleicher('', A. Schneider'', Chr . Schneider"
1-1 . Schneider t', U . Scll\v,trz`, I-1 . Seyl"trth'', A. Sibirtscv", U . Sicling`, 1< . Sistctric1~
A. Selikov l ', 1-1 . Stechernesscr", I-i . .l . Stein'', A. Strzalko\vsl<i 1 `, 1< .-1-1 . Wa

	

i li ik t',
(' . Wiistner-- , S . Yashenko13 . Zalil<llanov'', N. Zliuravlev'', I< . Z\voll`, 1 . Zycl,or` 1 ,

o.W . B . Schult'', 1-1 . Stl-ölicr 1 '
111//1( Enrrr /r l'Ir. l :cic :~ D.'/rrnvnrrrrt . ~'c'Irrslwry Nuc'lrcrr /'/rr,sir .c lu.clilurr IN'N'ii() Grrtrhirrrr . Krrr.rirr

~'lnctinrt /iir lsr'rrr/rlrrsik . l'rrr:~clrnni/.c_rnnrnrr .hilirh . ? .'!=? .1(ili,h . Germrmr
' 1)ES'} . ?_6U.( llrnulrrnt/ . Grrnrrml'

, Institut li'ir 7hrvrrrt . 1'Ir. 1:,ik, .'((arte-l,n'lu// (7imrrrxitüt (ür .c .crn .

	

i( -1 ;11// liirrtt 16 . ??j9. (ür.s.crvr . (irrnunrr` lnstitntr , /"n 7'hrrrrrrirul rurrl E.c/r, " rinr, " nt r rl 1'hrcira". ('hr " rrnnahhirr.(kurn _'.i . 117_'.19 rlln.rrvnr . Krusirr1 lli~/!r F.n(°n/r /'h"1,ir.c hr,vtitrnr . 7hili.(i .Strrlr (hrirrr :citl', (hrirrr.sitr .Sirr(( 9, i :1'()16C6 77rili.ci. (irrrr,,;irr
"Y,vurrrlhr/vn /ür l:h " l,trrrrrik . /W .crhruyl.crntrrrnr .Iri/irl r . ji.l , i ./ri/irlr, (irrnrunr

~~l.uhur,rhrr. r rrj' " \'rrclrur 1'rulrh'rrm . .leint hr .ctinrtr " / .n' "\'rn'h'rn' lZr.(('rnrh . 1)ulrrrrr ld19R0 Puhrru . l(uc.cirr

`( ((rrrslxnxli11~' ;luthur .

'lnsNtrrt /(il. ~, " rnlrlrt :cik . ('rrirrr :citrii =rr KAI, ~lillrirhrr Sir . ?' ~Url3' l~'nln . (irrrrrrrurr
'lrr .ctitutr /iW .\'aale'((( ln.crrwrlr, lZrtcsiun ,Irrrrh'nrr n/' .Srirrtrv" ,c . 11'11= ,I/n,crun, Krtc.siu
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ANKE beam times an
K+ production in nuclei

" pA --> K+ X,

	

T= 1.0 . . . 2.3 GeV, A = C, Cu, Au
" First set of 'serious' experiments

after installation of ANKE (1998)
" Total beam time : 5 weeks (1999, 2000)

Goals :
" Facility which allows to detect (rare) K }-mesons

in a huge (p, n+) Background
" Measure K+-production l'a r 1)c l ()w the

free NN-t11rcs11o1(1 @ TNN = 1 .58 GeV
" Double c1i1~1~crcl~ti~l1 cross sections

down to T = 1 .0 GeV
" Infoxmation about coo1)cr;1l i vc cl'[Cc1s

in the target nucleus

" Reacti(~n mechanisins (e.g. multi-step K+-production)
or lll~(ll-111(~Iilelltllill ct1mp()ilcilt silts of the NWF?

J
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Ozccl" ie

Icleritification of K -I"-nesons frorn sruutliresliolcl
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Deep subthreshold
K'production

" complete momentum spectrum measured for the first time

p(1 . 0 Ge V) + C ----> K+ X

K+ momentum (MeV/c)

" low-momentum part of the spectrum :
cannot be described by a thermal distribution, G -r

e-T/T°

" high-momentuni part of the spectrum :
high collectivity of target nucleus

n',v1c'i . ~>i)1
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K' -Ineson pioduction in p ;l (A ---- C . C'u, Au) collisions Itas I)ccn stu(lic(I using (lle ANK(? si)ectronle-
ter at an interlull (arge( Position of'(lte COSY-Jülich acceleralor. 11te contl)Ie(e nlonlenttnn sl)eclrtrnl of'
kaons elnilted at lorward angles, 0 :_ 12°, has been mcasurcd li)r a beam energy of"I'v = 1 .0 (ieV, har
below ille fite NN llucsllol(1 of' 1 .58 GeV

	

The spectruin (lots not Ibllow a thennal dislrilnltion (lt lote
kaon momenta an(1 the langer momrnta reflect a lugt( (Icgrec ol' collecti\-ity in the target Imcleus .

DOI :

A central topic of hadron physics is tlle inlluence ol'tlte
Imclear nle(liun) an elelnentary processes . This (luestion
can be studied by nlcasuring tllc production of lnesons in
Imclei using projectiles \vitll energies below llle threshold
Ibn frec NN collisions (so-called subthrcshold production) .
These processes necessarily involve cooperalive effects ol,
tlle ntlcleons inside tlle target Imclcus . The invesfigation of
K'- production is particularly voll suilc(1 lbr (his purpose
since tlle Inesoll Is relat(vely Ileavy so Ihat its production
requires strotlg I11C(lltllll effects . lrurthernx)rc, tlle K' scat-
ters little in lmclear platter so (hat its 11111a1-statt interacti(ols
are expected to be slnall .

Proton-indtlccd K -' - production at subthrcshold cncrgics
has been studied at several accelerators . Total Cross sec-
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I'ACS uumhcrs : 25 .4tI .Ve, 13 .75 .Cs, 29 .40 . u

tions have been Ineasured at tlle PNPI synchrocyclotron
Ibn targels l)ct\vecn 13e an(1 1'1) an(I projectile energies Tl ,
lionl 0 .8 to 1 .0 (ieV 1.11 . The restllls \vere dlscussed in
tcrnls of'dilTcrenl modcls 11---5], in parlicular, of' single-o1-
t\vo-stcl) reactions involving tlle creation ohan internlediate
pinn . l t was coi)Clu(IC(I (hat a(lclitiona1 experimental data
wert nce(lc(I lin - an u1ullnbiguous dctennination 01, the re-
ac(ion 1neclrlnisln an(I tlle extraction oftlle inlbrlnation an
nuclcar-nle(lium elIects . IIIcl(ISi\'c dlhferentlal cross See-
tions für 1),1 interlctions haue been studied at 13FVALAC
161, SAI'UIZNI : 171, an(I C:IA,SIUS 181 . Partial In(nneiltunl
speclra haue beeil obtained at laboratory enlission angles
ol' 10°, IS°, 35 °, zIO°, 60°, So', an(I 90°, at 1)roiectile en-
crgies down to 1 .2 (ieV and evidente lin - the (lonlinatlce
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KE beam time
an a. production

o Jan./Feb . 2001, 2 weeks
o p(2.65 GeV) p ---> da,+

o measurement of ao+

o determination of
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o ANKE allows systematic studies
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p(2.65 GeV)p ~ pK'+ X
" 'By product' of a+ beam time
" Data allow to determine n/1 ratio

" Higher resonances visible?

400

300

200

100

54

1000 1100 1200 1300 1400 1500
m.m.(p,K+), (GeV/c2)

" Data of comparable quality for
pn --> n K+ A/1

are expected next year

M.Büscher, _5/01
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(A dependence)
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The A-dependence of proton induced subthreshold K+ -production was studied at
ANKE in experiments with strip targets of C, Cu, and Au. It is expected that for targets
of nuclear charge Z >_ 6 the lifetime of the circulating beam is limited by Cb-scattering .
Scattering angles vary roughly with Z2 . Thus the luminosity integrated over the beam
life time should decrease with Z in the following way LT - f Ldt - 1/Z2 . However in the
ANKE experiments a weaker dependence was observed : LT - 1/ZI.2 , suggesting that
other particle loss mechanisms contribute. In order to accomplish optimal accelerator
conditions in future K+ and K- experiments better understanding of energy loss in
the target is needed . Rough estimation of LT can be obtained from integral formula,
which yield the Gaussian distribution of multiple scattering through small angles and
the mean energy loss (Bethe-Bloch) . The calculation Shows that for the relevant COSY
ring parameters and for a particle momentum acceptance of Op/p .:~ 0 .3% particle loss
through energy degradation may occur for targets of Z >_ 6 . Beam life times deduced from
the integral formula alone may differ significantly from reality as effects of the tails of the
probability distributions (1/03 for the scattering angle 0, 1/AE2 for the energy losses AE )
do not enter sufficiently. In particular the interaction of transversal and longitudinal phase
spaces is missing . The existance of dispersion somewhere in the ring reduces the accepted
transversal phase space . E .g . a beam momentum shift Op/p = 0 .2%, a dispersion of
D=20 m and a free beam tube diameter of 120 mm causes a shift of the beam axis
of 40 mm, which reduces for the x-acceptance to 1/9 of the Op/p = 0 value . More
precise luminosities are obtained through MC simulations, in which the füll probability
distributions for energy loss and angular scattering for thin targets are reproduced . A
C-program is now running, in which the Same physical processes are modelled as in the old
Fortran programs used in the early stage of COSY and ANKE for target beam interaction
studies [1] [2] . Coulomb scattering is determined by the cross section

Z1*Z2*e2 2
~ca=4~r( p

*c*ß*a)
with Z1, Z2 : nuclear charge numbers, p: particle momentum, ,ß : particle velocity, a:
atomic screening angle . For MC-calculations random scattering angles can easily be de-
duced from a random number RN (0 < RN < 1) through 0 = a 1/RN - 1 [3] . Energy
loss is calculated using the Landaus distribution [4] . The long tail of the AE -distribution
can easily be numerically computed after transformation to the distribution for 1/DE.
The calculations show, that for typical thin solid state targets (10 to 1000 ltg/cm2) LT

is independent of target thickness and geometry. Therefore - for a certain target material
and certain storage ring parameters - LT can be determined through MC calculations
using any appropriate thin target . In the recent luminosity calculations the following
parameters were used :
Beam kinetic energy: T = 1 GeV
Beta functions at target :

	

ß., = 4m, ßy = 5m
Transversal acceptance of COSY : A~, = 50, Ay = 16 z * mm * mrad
Figure of merit [1] : FM =

ß./Ax+Qy/Ay = 2.5 (resulting from values above)
Target thickness: lmg/cm2
Injection : Transversal phase space filled up to ring acceptance
Acceleration : Tranversal beam emittance shrinks with 1/p
Momentum acceptance: Op/p= 0.1 % and 0.3 % (assumed limits, the real value ap-
plicable for the ANKE experiments seems to be unknown .)



Compensation of mean energy loss in target : ON or OFF.
The ANKE experiments were made with a coasting beam. Thus energy loss was not
compensated.

Tab . 1 : Results of MC calculations : Integrated luminosities LT per circulating particle
for the ring momentum acceptance Ap/p = 0.3% with compensation of the mean energy
loss for each target crossing and for Ap/p = 0.1% without compensation of the mean
energy loss . The nuclear reaction probability (column 5) is given for the Ist case (column
3) . We see that for Z >_ 6 LT changes roughly as expected, if the mean energy loss
in the target is compensated (column 4) . If energy loss is not compensated (coasting
beam) and if the momentum acceptance of the storage ring is low (0.1%) luminosities
are strongly reduced for Z=6 targets (factor of 4) and slightly reduced for Z=29 targets
(factor of 1.4, column 6) . The luminosity obtained with a Au-target is only reduced by
a factor of 1 .16 . The observed Z-dependance of LT can roughly be explained by a Z-1.2

dependance (column 7) . The precise value of the exponent was not determined, because
it has no physics relevance . It depends of COSY beam optics which probably will differ
in another beam experiment . The conclusion of the present study is, that for experiments
with coasting beam energy loss in the target must be taken into account for targets of
Z _< 29 . In future experiments energy loss compensation of the circulating beam should
be applied .
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1 2 3 4 5 6 7

Targ . Z
Ap/p = 0 .3%

dE compensation
nucl . react .
probability

Op/p = 0 .1%
no dE compens .

LT
/102°/cm2

LT * Z2
/1024 /cm2

*100 LT
/102°/cm2

LT * Z1.2

/102°/cm2
C 6 1130 4.1 2.4 270 2320
Al 13 260 4.4 1.0
Cu 29 56 4.7 0.36 39 2220
Ag 47 25 5 .5 0.23
Au 79 9 .8 6.1 0.12 8.4 1590
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Luminosities at ANKE
A-dependence in the K+-subthreshold experiments from

MC simulations
!2 . Ko

Experiments with C, Cu,

	

Au targets
Dominant process for beam Iosses :Cb-scattering

	

Z2

Integral of the luminosity over the beam lifetime
LT - f Ldt - 1 /Z2

Observation : LT- 1/Z' .2

For optimal conditions in future experiments K+ and K- in nuclei better
understanding needed.

Question : Contribution of energy loss (- Z) for C and Cu target.

Rough estimation of LT from integral formula (ref . : Review of Particle
Physics)

"

	

Gaussian distribution of multiple scattering through small angles
"

	

Bethe-Bloch mean energy loss

Result for resonable target thickness and number of passages through the
target :

Momentum acceptance <0.3 % and light targets :
Energy loss must be considered

Limitations of integral formula :
1 . Multiple Cb-scattering :
"

	

Gaussian shape, large angles suppressed
Reality : da/d9 - 1/93 for large angles (d9 cone shell element)

"

	

Particle check inside or outside ring acceptance only once
For angular scattering frequent checks are needed
scattering angle is a vector, emittance may inrease or decrease
Reality : circulating particle is checked by the walls of the beamline
every revolution

2. Energy loss : mean energy loss is correct
"

	

High energy tail is missing
Reality : Landau distribution da/dE - 1/E2

"

	

Coupling transversal - longitudinal phase space is missing
Energy loss causes reduction of maximum beam diameter or angular
divergeance due to dispersion
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emax = 0cmean * t * npas

LT = c max / Oc mean

Limitation through energy loss :

DE max = dE/dx * t * npas
LT = DE max / dE/dx

62

More precise calculation of luminosities :

MC simulations, single energy loss and angular scattering processes, using
realistic probability distributions for thin targets, including the tails .
C-program running, same physical processes as in the old Fortran
programs, used in the early stage of COSY and ANKE for target beam
interaction studies .
Result :

For thin solid state targets :
the luminosity integrated over the beam lifetime
is independent of target thickness and geometry

Integrated luminosity per particle :
LT = j Ldt = t * npas

	

t = target thickness, atoms / cm2
npas = number target passages per particle

Limitation through angular scattering :

Ac mean = mean emittance growth per target passage and unit thickness
function of z, Z, p, FM of storage ring

Consequence :
LT for a certain material determined through MC calculation using a thin
target of any appropriate thickness



Basic relation :
Cb-potential with electronic screening :

-rr
CL = om -e

	

® l(D

	

Z

Ref. : W .T .Scott, Rev . Mod . Phys . 35(1963)231
J .D .Jackson, Classical Electrodynamics
Tschalär NIM B5(1984) 455

0»oc :

	

da / d0 _ Z2

	

dominant process for emittance growth

0«a:

	

da / d0 _ Z2/Z4/3 = Z2i3

Computation method :

Energy loss :

63

"

	

Probability density for loss DE from original Landau distribution
(L.Landau, J .Physics VIII (1944) 201)

"

	

Transformation AE --> 1/DE to eliminate the Jong high energy tail
"

	

Approximation by polygon of equal area elements
" Random number --> 1/DE
"

	

Backsubstitution -> DE



Parameters used for MC calculations :

Beam energy : T = 1 GeV

Beta functions at rarget :
ßX=4m
ßy=5m

Transversal acceptance of COSY :
AX=50n*mm*mrad
Ay=16n*mm *m rad

Figure of merit : FM=1 /(ßx/AX + ßy/Ay)=2.5

Target thickness : 1 mg/cm2

Injection : Transversal phase space filled up to ring acceptance
Acceleration : Beam emittance shrinks with 1/p
Momentum acceptance : Op/p = 0 .1 % or = 0.3%

Compensation of mean energy loss in target :

64

ON or OFF
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Tab. 1 : Integrated luminosities LT per circulating particle for the ring momentum
acceptance dp/p=0.3% with compensation of the mean energy loss for each target
crossing and for dp/p=0.1 % without compensation of the mean energy loss. The nuclear
reaction probability is given for the Ist case (column 3).

Target Z LT LT * Z2 nucl . react. LT LT * Z1 .2

cm2/10**20 cm2/10**24 probability cm2/10**20 cm2/10**20
dp/p=0.3% dp/p=0 . 3% /100 dp/p=0.1 % dp/p=0.1 %
with dE with dE without dE without dE
compens. compens. compens. compens.

C 6 1130 4 .1 2.4 270 2320

Al 13 260 4 .4 1 .0

Cu 29 56 4.7 0.36 39 2220

Ag 47 25 5.5 0 .23

Au 79 9.8 6.1 0.12 8 .4 1590
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Conclusions :
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"

	

The observed A-dependence of the integrated luminosities is
explained through

small angle scattering
AND

energy loss in the targets C and Cu .
The HF-cavity was not active during the irradiation phase.

Future experiments:
"

	

For Au target compensation of energy loss has only minor effect
"

	

For the lighter targets HF should be on, if the highest luminosity is
aimed at. This entails special COSY operation for energies which
require the shift of the y-transition and restauration of high transversal
ring acceptance
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Investigation of K+ production in
proton-nucleus collisions wich ANKE

M.Nekipelov

Institut für Kernphysik

Forschungzentrum Jülich
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One of the primary goals of ANKE was to investigate K+-meson production in proton-
nucleus collisions below and above the free nucleon-nucleon threshold at 1 .58 GeV . Inclu-
sive momentum spectra of kaons emitted at forward angles (less than 12 degrees) have
been measured for C, Cu and Au strip targets in a proton energy range Tp=1 .0 . . .2.3
GeV. Double differential Cross sections were obtained by a normalization to known pion-
production cross sections measured at similar kinematical conditions [1,2] .

The main experimental challenge was that at low energies the Background (of mostly
pions and protons) is approximately factor of 106 more intense than the signal (kaons) .
The detection system of ANKE allows to suppress this huge background and to detect
rare K+-mesons in the momentum range p,---200 . . .500 MeV/c . Combining hardware and
software criteria such as time-of-flight, information from the wire chambers and delayed
veto requirement gives us a unique possibility to identify K+-mesons . Details about the
data analysis can be found in [3] . At the lowest incident beam energy of 1 .0 GeV a
complete kaon-momentum spectrum was measured for the first time [4] . We also expect
a wide momentum coverage at 1 .2 GeV during beam-time scheduled in late fall 2001 .

To compare the Cross sections measured at ANKE wich other data we have chosen the
single point an the momentum spectrum, namely 500 MeV/c. Assumptions about the
angular dependence of the cross sections and about the target-mass dependence allowed
us to make an extrapolation of the results to same conditions. One can see, that all the
points an the energy dependence of the cross section can be connected with a smooth
curve .

An analysis of the cross sections as well as their target-mass dependence does not give
an unambiguous conclusion about the underlying reaction mechanisms . Therefore, it was
proposed to investigate the production K+ mesons correlated wich protons and deuterons
from 1-step or 2-step production mechanisms. K+d final state can only be observed in
case of the 2-step reaction, while K+p comes both from the 2-step and direct production
mechanisms . In the latter case an analysis of more than 2 correlated particles may provide
a recognition of the 7rN or pN channels .

The possibility of a correlation experiment was tested during the last ANKE beam-
time devoted to aö production (2.65 GeV) . Additional measurements at lower energy (1 .2
GeV) should give us an answer whether we can directly measure the contributions of
different mechanisms .

[l] J . Papp et al., Phys.Rev.Lett. 34, 601(1975) .
[2] V. V. Abaev et al., J.Phys. G14, 903(1988) .
[3] M. Büscher et al ., NIM A, accepted for publication .
[4] V . Koptev et al ., Phys .Rev.Lett. 87, 022301(2001) .



Goals :
" Facility

vestigation of
K' production in
proton-nucleus collisions

ith ANKE

" Measure K+-production
free NN-
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M.Nekipelov for theANKE Collaboration

which allows to detect (rare)
in a hege (p, n+) background

cross sectlons
down to T = 1 .0 GeV

. . (e.g . multi-step K+-production)
of the NWF?

the
@ TNN =1 .58 GeV



Mass dependence
d2a/dS2dp = f(A)
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Number of
identified K+
per telescope

Momentum distributions
den/düdp
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Spectrometer

K+-Telescopes
with TOF-Stop, DE, . . .
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TOF, (44 ps/ch .)

* Selection of valid start-stop combinations by fast on-line trigger
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Measurements up to pk - 1000 MeV/c in fall 2001
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" Different approaches :
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theoretical Interpretation

H .Müller (FZ Rossendorf) : ROC model
(improvement after including high momentum components)
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K'-production:
target-mass dependence
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-> More data in fall 2001
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" By product' of a® beam time
" Data allow to determine A/1 ratio
" Higher resonances visible?

p('2.65 GeV)p -~ pK' X
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" Double differential cross sections at T = 1 .0 . . . 2.3 GeV

" Measurements with C, Cu, Au targets
-> mass dependence of the cross sections

" Comparison with diferent models is started

" A possibility of the correlation experiment is proved
-> direct measurement of 1-step and 2-step mechanism
contributions



K+ production: Systematics of existing data
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One of the most important problems in experimental study of interactions of hadrons
with nuclei has been the questions how this interaction proceeds with formation of parti-
cles in the nucleus and to what extend this process differs from the interaction between
the hadron and a free nucleon .
The measure of this difference is given by the target-mass (A)-dependence of the par-

ticle production . It is expected that the A-dependence in hadron-nucleus interactions is
dominated by the production mechanism . Such expectations indeed stimulate detailed
studies of the A-dependence at different beam energies and for different projectiles and
produced particles .

There is now a large set of experimental data an the A-dependence, mostly at incident
proton energies above 12 GeV. It is well known that experimental results an differential
cross sections can be well described as

d26 a
dTdw aA '

where the exponent a ranges from 0 .3 to 0.7 depending an the projectile particle and its
kinetic energy .

In this study we report an a systematical analysis of the A-dependence of K+-meson
production in proton-nucleus collisions at beam energies below 3 GeV.

In the second part of this work, the existing data an K+ production are analyzed as
a function of the four-momentum transfer t between the beam proton and the produced
kaon . It is shown that at negative values of t all data scale like exp (const . - t) as suggested
by Regge phenomenology. Only the spectra obtained at ANKE cover the region of positive
t and the invariant cross section strongly decrease when approaching the kinematical limit

at t ti 0 .14 GeV2 , corresponding to the formation of A-Hypernuclei .
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" The target mass dependence for K+-meson production
can be factorized in terms of the A-dependence of
the production process and A-dependence of the K+
propagation in nuclei

Due to the strangeness conservation K+-mesons are
not absorbed in nuclear matter

Because of the large mean free path A^_-,5 fm the elastic
scatterings of kaons are almost negligible

® Therefore K+-mesons are almost not distorted in
nuclear matter

The A-dependence for K+-meson production is given
by the kaon production mechanism .

Ter .

	

;1

	

3

	

e

	

au??

	

.

	

a .

	

e

	

i

	

, .
<J

s of the

	

(;-.-i~gc,t

	

n- .ass dependenc;c, of

	

K ,1 _-ri .esoii
ii in +A. c~c~11 .s

- Typeset by FoilTEY -

	

1



j

Trs -u(ellla;t-.;ical atiiel12;13in; of the
eson production in. 1)-1-11 (e()llie3ioiia; .

Let us to describe the data an the total or differential
K+-meson production Cross section as

.......-...
.:: const x

. .

and to evaluate the slope a as a function of the beam
energy Tp , kaon momentum PK and kaon production
angle OK .

9 Obviously, the function

a(Tp , PK, OK)

	

(2)

contains Information about the K+-meson produetion
mechanism, which might be different at beam energies
above and below Tp=1 .58 GeV given as a threshold
for kaon production in p+N--->N +A+K+ reaction in
free space .

- Typeset by Foill)FX -
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PNPI date

v.P. Koptev et al ., JETP 67, (1988) 2177.

Total K+-nieson production cross sections
in Proton-nucleus collisions at beam energies
0.842<Tp:50 .99 for Be, C, Cu, Sn and Pb
target was measured at the Petersburg Nuclear
Physics Institute .

e 1 .4

0.8

0.6

0

p+A-> 0-t-)x

0.85 0.9 0.95 1
1- (Gej

The dependence of the dope a an the beam energy Tp
evaluated from the PNPI date . The solid line indicates
the fit by a=I .044-0.01 .
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daa-
S . Schnetzer et al ., Phys . Rev. C 40, (1989) 640.

e5

e5

K+-rrieson production st emission ariglesOK=15',
3C 1 600 and 800 induced by 2 .1 GeV protons
an Nah' and Pb has been studied at Lawrence
Berkeley Laborstory.

p+A ---> K'+ X at TP=2 .1 GeV
2

1 .5

1

0.5

0

2

1 .5

1

0.5

0

p � (Gei//c)

The dope a as a function of laboratory K+-meson momentum
evaluated fronm the LBL data. The solid lines shows the fit by a
constant values a
OK-IM, a-0.56±0 .05 ;
OK-60', a=0.84A-0 .08 ;

0.5 0.75

	

0.5 0.75

OK=35', ce-0 .74±0.05
OK=80', Ce=0 .88 ~ 0.08
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SATURNE data,
M. Debowski et al ., Z . Phys . A 356, (1996) 313 .

Double differential Cross sections for K+-meson
production in p+C collisions at, Tp=1 .2, 1 .5 aild
2 .5 GeV and in p+Pb collisions at T�=1 .2 and 1 .5
GeV at the production angle OK=40' haue been
ineasured at SATURNE.

2

0.5

p+A --> K+ +X at eK=40"
T, (Gev)
a 1 .2
0 1 .5

0

0.3 0.4 015 0.6 0.7 0 .8

PK (GeV/C)

The dependence of the slope ce an the K+-meson
momentuni PK evaluated from the SATURNE date. The
different Symbols corresponds to different beam energies
Tp . The solid live Shows the fit by ce=0 .73±0.04 .
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Eh data,
A .V . Akindinov et al ., JETP Lett . 72, (2000) 100 .

The production of K+-meson with a momentum of
pK=1 .28 GeV/c at an angle OK=10.5' in protori-
nilcleus collisions for Be, Al, Cu and Ta targets
at proton beim energies 1 .65:5Tp -.52 .91 GeV were
rrieasured at, the Institute of Experinlental and
Theoretical Physics .

%Zb

0.75

0.5

0.25

0 2

	

2,5

	

3
T, (GeV)

The slope a as a funetion of the proton beam energy
TP evaluated from the ITEP data . The live Shows the fit
by a constant value oz=0 .54±0.02 .
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The double differential cross section of K+-meson
production at emission angles 0<eK<12° induced
by Tp=l GeV protons an C, Cu and Au targets
has been recently studied by ANKE at COSY.

0 .5

0

p+A -> K+ +X at T p=1 GeV
0 9-ÜKs 120

0.2

ANKE-COSY data

0.3 0.4 0 .5
pK (GeV/c)

The dependence of the slope a an the K+-meson
momentum pK evaluated from the ANKE-COSY data.
The solid line Shows the fit by constant value
a=0.740 .07 .
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8

Tp (GeV) PK (GeV/c) OK (des.) a Ref.
0.842-0 .99 total total 1 .04±0.01 PNPI

2.1 135A.75 15 0.56±0.05 LBL
2.1 135-0.75 35 0.74±0.05 LBL
2.1 135-0.75 60 0.84±0.08 LBL
2.1 135-0.75 80 0.88±0.08 LBL
1 .2 0.5-0 .7 40 0.69±0.3 SATURNE
1 .5 0-5-0.7 40 0.73±0.04 SATURNE

1 .7-2 .91 1.28 10 .5 0.54±0.02 117EEP
1 .0 0.171-0 .507 0-12 0.74±0.075 COSY



indence

In leading Order, the A dependence for direct kaon
production in collisions of the beain Proton wich
a ringle target nueleon is given by the inelasticity
of the p+A interaction . This also Nolds for the
production of others inesons, since the sununation
over all possible niesonic inelastie p+A rea-etion
channels- is proportional to the total inelastie, p+A
cross section .

-0
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i- direct P 1)r(0 (,l, (1111--3is

A

The A-dependence of p+A inelastic Cross sections . The
solid live Shows the fit by Aa wich slope a=0.69±0 .01 .
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Li. TI1 nr <j_1;ry

" The PNPI data an total K+-meson production Cross
section at proton beam energies Tp from 842 MeV
to 990 MeV i :).dic_,at;e st; :Fong

	

.1 : . d(.-�p(:~ i.de ice .

	

Such
dependence might be interpreted as a volume effect
due to the interaction involving effectively all nucleons
of the target .

	

It can be the two-steil reaction
mechanism as well as others few or many body
processes .

" The LBL, SATURNE and ITEP data an differential
K+-meson production Cross section available at
different kaon emission angles ®K and kaon momenta
PK and at proton beam energies from 1 .2 GeV to 2 .91
GeV can .)e well clesc. i-ii)e(,.l by an . . ~ d(-~l)eiicleiice .
Similar dependence is expected from the direct K+
production mechanism

" This discrepancy might be addressed to the different
beam energies studied at PNPI from one side and LBL,
SATURNE and ITEP experiments from other . To
resolve this diadem the K+-meson production in p+A
collisions has been studied by ANKE at COSY .

- Typeset by Foill~EX -
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However
e> New ANKE me~tsurernerits an K+-meson produetion

2~,AO .7in p+A collisions at Tp=l GeV show an
chrperriderice .
There is an additional reason for the observed
discrepancy due to the different kinematies of the
PNPI and ANKE ineasurenients . PNPI experiment
was devoted to the measurements an the total
K+-meson production cross seetion, while ANKE
measured the forward kaon production at 0<®K< 12° .
ANKE measurement corresponds to L--j10% of the total
kaon production eross section available from PNPI
date .

o We may address the diserepancy to the

However, the available date an kaon produetion
at 1 .2:5Tp<2 .9 GeV Show weck dependence of the
exponent ce an the K+-meson produetion angle ®K .

9 Furthermore, all available date indicate that A-
dependence does not variate wich the kaon momenta
Ple
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K'-production:

systematics ofexisting data

Problem :
different data were obtained at
different kinematical conditions
(beam energies, K+ emission angles, momenta)
--> how can they be compared???

Regge approach :

103

A(s, t, mX) a f (t, mX) exp( y(t) In s 1

linear t dependence -->

E d36/dp oc exp(const. y)
t = four-momentum transfer between

beam Proton and K}-meson

l~cr.6/0(



K'-production:
systematics ofexisting data
Data:
Schnetzer et al., LBL; T = 2.1 GeV
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Regge approach works at
high energies above threshold
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K'-production:
systematics of existing data
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Badala et al., CELSIUS;
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systematics of existing data
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Data Kiselev et al., ITEP; T = 1 .7 . . . 2.91 GeV

p+Be -~ K++X

ÜK=15°, pK = 1 .28 GeV/c

T =1.7 GeV+
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Data cover region of positive t
But :
t dependence göverned by T dependence
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Data: ANKE; T = 1.0 GeV
p+C --> K++X at 0°<ÜK:912 0

t

extreme values of
t can be reached
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Interpretation of positive t ?
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Further data at
larger beam energies and forward angles
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Experiments an strangeness production
in pp and pA interactions at ANKE

(Results of CBUU calculations)

Z .Rudy

M . Smoluchowski Institute of Physics

Jagellonian University

PL-30059 Cracow

Poland





References

[2] http://www .fz-juelich .de/ikp/anke

The production and propagation of strangeness in proton-induced reactions is a highly
non-equilibrated transport process . Here, an impinging proton penetrates through a
bulky volume of target ; binary nucleon-nucleon collisions may lead to creation of e.g .
K+ mesons in a associated strangeness production . A microscopic model approach is
indispensable that allows to treat final-state interaction to a good accuracy. For this
purpose the coupled channel Boltzmann-Uehling-Uhlenbeck model (CBUU) has been
used . In order to compensate for the low statistics in the strangeness channels especially
close to threshold a perturbative treatment of particle production and propagation had
been used . On the following transparencies :

1 . (very) short summary of model details (transport equation and solving method via
test particles approach) is given ;

2 . CBUU calculations have been performed and compared with :

inclusive K+ data taken from the literature[1] .

recently measured by ANKE collaboration [2] inclusive K+ data, for p+A
entrance channel, for Tp = 1.0, 1.2, 2.0, 2.3 GeV, for A={Au, Cu, C}

From the shape of presented theoretical distributions one comes to the conclusion that
it is desirable to extend experimental measurements of kaons to kaon momenta at least
1 GeV/c. (This goal will require operation of D2 magnet [3] in 1 .6 Tesla regime and
inclusion of Forward Detector information in Event Builder during data taking .) Con-
cerning the comparison of the experimental (ANKE) data and CBUU model predictions,
one concludes that the shapes of momentum distributions are very similar but they differ
significantly in magnitude . The reasons of the discrepancy is under investigation .

[1] Schnetzer, S . et al., Phys. Rev . C40, 640 (1989) ; Debowski, M . et . al ., Z . Phys. A356,
313 (1996)

[3] S . Barsov et al ., NIM A462/3, 364 (2001)



CBUU model

W. Cassing, B . Kamys, Z . Rudy

Giessen, Krakötiv

( Coupled-Channels-Boltzmann-Uhling-Uhlenbeck

transport equation)

describes the propagation and mutual interactions of nucleons,

delta's, N* resonances, mesons . . .
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Transport approach
The coupled channel Boltzmann-Uhling-Uhlenbeck

CBUU model

Separate phase-space distributions fN, fi, fo, fg, and fN ,

describes the propagation and mutual interactions of nucleons, delta's, N* reso-

nances, 7r and 77 mesons .
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vN,N, vNN, and v,N are the relative velocities . of the colliding N1-nucleon, nucleon-

nucleon and pion-nucleon pairs .

Time dependent mean-field potential UN1(r) parameterized as a function of the

nuclear density
The essence of the Lest particle method: represent the one-body phase-space

distribution by discretized test particles The test particles propagate between

collisions according to classical Hamilton equations of motion,

Pi = -7rU(ri)

	

ri = PiAm2 + p2
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Density distribution in coordinate space rg ,

P(rs) = 1
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N - the number of test particles per nucleon
The phase-space distribution f(r ; p ; t) is calculated from positions and`momenta
of the particles :

f (r, P, t)) =

	

6

	

1 Zf d3pZQ(qo- 1 Pj - P 1)(2

	

1)
- r' ) 2 ) (3)N N rs	j=1
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Iri - RI >_ RA -F. 2fm,

where RA = 1 .2 fm At~3 clenotes the radius of the target

Np (t) - number of particles emitted

vation of total energy, mass number, momentum and angular momentum:

NP(t)
< E* > (t) = Etot - Z

	

p2 + M?7 7j=1

< AF > (t) = At - Np(t),
NP(t)

< P > (t) = Ptot -

	

Z Pj (t),j=1

Coulomb energy between the emitted particles and the 'residual nucleus'

One is able to evaluate then the fragment's average mass number, its excita-
tion energy, three-momentum and angular momentum by exploring the conser-

NP(t)
< L > (t) = Ltot -

	

E rj (t) x Pj (t) .

	

(6)j=1
In equation M,.es devotes the mass of the 'residual nucleus', E�ut stands for the
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The c;foss section is thus given by

d2uK
d20-eu K

Ntel(i) M'

dSZdp,

	

dSLdp Nstop(,) Mx
K K K

etel (i) EMwpc (i) edecay
v '7r Ir

estol(i) Emwpc(i) Edecay
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The inclusive K+-meson production in proton-nucleus collisions in the near threshold
and subthreshold energy regimes is analyzed with respect to the one-step (pN --> K+YN,
Y = A, E) and two-step (pN ---> NN7r, 7rN -> K+Y) incoherent production processes an
the basis of an appropriate folding model, which takes properly into account the struck
target nucleon removal energy and momentum distribution (nucleon spectral function),
novel elementary Cross sections for proton-nucleon reaction channel close to threshold as
well as nuclear mean-field potential effects an the one-step and two-step creation process .
A detailed comparison of the model calculations of the K+ total and differential Cross
sections for the reactions p +9 Be and p +12 C with the existing experimental data is
given .
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1 .

	

Direct K¢ Producti9n Processes

1 .1 Kaon Production Cross Section

Sirice we are interested in a few GeV rebion (up to 2.5 GeV),
we have taken into account the following cletncntary
processes which have tlie lowest free production tltresholds :

F'ollowtng tlie prt~dictio : :s of the et%ctivr chiral Lagr;tugiati approach by Kaplan 4ud

Nelson [17] . we assuine that the mass of the product . t t hon is nut 4 hanged in ti,t- ill .

Er = .ti1A - (-pr)' + (MA - rnly + E)=,

p+w-> x++n+w,

mK is I he rrst

	

n)a,, of .t kann,

	

i i, fre-r

	

l)t

1'l,e t , tft . t*tive Irrasses neof otht-r
final hadrons (ni)cleott altd ltyp(~ron) participatiug it, Ihr K+ I+rotI~IrtIon prorr�rs(1 1, ( 12), are tlvftned hy the following dispersiol) rrlatittua

)n1, include the tfftct.ive scalar tnean-field potentials Uß, tlttvlttl fttr our calculation :

mh = r))h + vJ
the avr"rt,Kr I;in~tic rnergies < 0.1 C1eV for the outgoing utaelrnn lind hyperon

(' .I1 .,

	

1.e il . 4128, 13:i (1097)

wl,ere

	

sth - = trn.E -l- r))y -i. r)tN are the threshold energies in free spare

P

---~- jJ

	

-34 MeV-.

U,f~ ~. -30 .ileV, Uif - -L6 AleV
llsit,g

	

this leads to tl)e following expresston for tln " in trncdium reactiontltresholds :
+ t)2*. -i- ))tN -

	

.S)h -i- Uff + Usff'

E., -

	

p

y ;i1,t .

Po = PC - ®p.

clean ntriiiitm -

V~, -- 40 Ar< t/
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Direct K+ Production Processes

1 .1 Kaon Production Cross Section

Since we are iiiterested in a few GeV region (up to 2.5 GeV),

we have taken into account the following elementary

processes which have the lowest free production tliresholds :

p+N-~h++n+N,

p+N-> h+ +E+N.

PKW K+
P

Then we can represent tlie invariant inclusive cross section of

I(+ production an nuclei by -the- initial proton wich momentum Po as

follows :

wlrere

(priM)

(IPK+

AN (P., Pl(+)

	

Px-~-
-I-F, l(+

	

dpl~A.

Iy [il] = l1' P(r)drexp [- 1"(7)0)

Rc 12
=2.8

	

,

	

Rcu6y

	

y.8

	

M RAu111? = ~,0im,

~9,58GeYJ

(1.~BGeY%

t)(r 'i - a;~U)(la;~



Pp -> p K° A

COSY-11

1

	

1 10

	

1 102

Excess. energy

	

(MeV)
Fig. 1 .

	

'1'he total cross section for pp -> K' Ap reaetion as a lunction of an

Ovlert . W. : L ;1NL PmprintNucl-ex/9803004 (1998) ;

tirh t~111t~, -}- ft yy ., - .,rG)

+Cy( ., - .,rl,)z[U .5 -
wlrere ()( :r) -: ( .r f

	

<utd the const ;
l
rlrts Ay, 13 } -, C.."y alld stl, s,rfgivett in Table~,

Table 1 . Parameters in the approximation of the partial cross sections
for the production of K+ mesons in pp-collisions

cxcess energy

Reaction Ay,pb - GeV-' By, GeV"2 Cy ,jub - GeV"2 sth,Gev2

p + p -> K+ + A + p 122.943 2.015 ' 2515.56 6.490

p +p -3 K+ + E + N ' 104 .026 1 .006 0 . 6.880
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Two-Steil Ii+ Production Processes

2.1 Kaon Production Cross Section

Kinematical considerations Show that in the bombarding energy

range of our interest (< 2 .5 GeV) the following two-steil production

processes may not orily contribute to the K+ production in pA inter-
actions but even dominate at subthreshold energies (G 1 .5 GeV) :

where

and

v +

+ N2 -~ K + A,

	

~

	

(Zy)
i ___ -°

(free production thresholds , respectively, are 0.76 and 0 .89 GeV)

(sec)

	

(sec) -> )

Ex+
d~PA--W+x(p-"o)

	

Er+ do�,

	

(Po
1

dpx+
dp+ .

d (sec)ec)
(1~0)

Ex+ dpx+ -

p +Ni --4 N+N+7r,

P+ Ni --~ N+N+27r.

1'i(pt, E)dptdEx
,r_,r+,7ro,7r-

,r ,r

	

, p

	

~

	

,r ) ,r

	

dp
1

	

4,r
,~

x J f I' .
-*I

	

E~)d1~tdEi

	

Erf+
dU~N--}ri+X (

	

Si 1~rf+)
~ (p t,

	

dpx+

(22 )

(23)

p~iax( ai E)

	

; .

f
d9 Iv[A U

	

da- 1V-3,rx(~
x

	

, pes)
J

	

p2 dp

	

J

	

11N(po ) , Qtot (p

	

)

	

~

	

]

	

-~

	

x

Iv[A, UPlv(po), u7roN(p,r),
I%,']

= AZ J J drdrr0(xll)a( 2 ) (xl.)P(r)P(rl) x

x

x exp 1-M(Po) f n(*, + ~;'Sio )dx' - jL(p,r) f
1 p(

	

+ x'5 ,) dx'] .
0

(27)

(28)
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Lorentz invariant negative pion inclusive Cross sections versus the (lab) momentum at0" fbr 1 .05 (left) and 2.1 GeV (right) protons interacting witll a carhon target .
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Figure 1 : Double differential K+-production cross section for the reaction
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12C -.-> K+(29 < 12°)X as a functlon of the K+-morrleiltum .
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pN->K
` YN :

withollt
potentials
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Fig. 9. The total, cross sections for K+ production in p+ C12

reactions as functions of the laboratory energy of the proton .
The experimental data (full dots) are from [1]. The curves
are calculation. The dashed lines with one and two dots are
calculations for primary production processes (1), (2) with
the total nucleon spectral function at Vo = 0, Uf f = 0,

Uff =. .0, Ujf = 0 and Vo = 40 MeV, Uff = -34 MeV,

Uff = -30MeV, Ufff = -26 MeV, respectively. The
dotted line iS calculations for the secondary

production process (22) with il particle in the final state at

VO = 40 MeV, Uff = -34 MeV,

Uff = 0, respectively . The thin solid line is the sum of the
dashed line with two dots and dotted line
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Double differential Cross sections for the produetion of K" mesons at an angle of 4U"
in the interaction of 1 .5 Ce 6r Protons with the C1 -' nuclei as functions of
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momentum.
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:a PH N.S., Heavy Ion Phymcs 4, 325 (1996)

pN -a K` EN

ITEI' Proton sytnclirotron

Ue"'. =-34 MeV, Ue~ = -30 M

vp- :--26MeV

Fig. 4.

	

l,orentz invariant Cross seetions for the production ol'K+ mesons with momentum of
1 .28 GeV/c at the lab angle of 10.5° in p + 13e9 reactions as functions of the laboratory
energy of the Proton . The experimental data (full syuares) are l'rom [*-] .

-)Q, Alciudinov, A.V., Chuinakov, MAI ., Kiselcv, Yi.i.T ., Martr,myanov, A.N .:
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. .

	

but it is stipposed that

P(pt, E) => Pi(pr, E)

r



149

SATUMVE/GSI collaboration
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The total cross sections for K+ production in p + C12 reactions as functions , of thc
laboratory energy of the proton .
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Systematical theoretical analysis of
K+-meson production in proton-nucleus

collisions at energies below 3 GeV
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The description of particle production in hadron-nucleus collision should be considered
relative to an energy scale given by the binding energy of the target nuclei . The impulse
approximation is an appropriate basis when the projectile energy is much higher than the
binding energy and the target nucleons can be taken as free particles .

However, at low bombarding energies the nuclear structure might play an essential role
in the production process . When the bombarding energies are below the reaction threshold
in free space the production process proceeds according to the total energy available from
the target . The reaction mechanism can no longer be considered as an interaction of
the projectile with a quasi-free target nucleons, but instead as an interaction with the
whole nucleus, which might be approximated by the sum over the interactions wich one
nucleon (single scattering approximation), two nucleons (two-nucleon current) and further
many-body collisions .

In momentum space these many-body effects can be interpreted in terms of high mo-
mentum components of the nuclear wave function . These high momentum components
of the nuclear wave function can be reasonably well described by short range two-nucleon
correlations . In this sense the contribution from the high momentum components to
particle production can be considered as a reaction mechanism due to the two-nucleon
current .
We study the K+-meson production from nuclei at energies below 3 GeV . We consider

both direct strangeness production mechanism due to the collision of incident proton
with target nucleons and two step production mechanism with intermediate pions . The
elementary pN->K+AN production amplitude is reasonably well fixed by recent experi-
mental results from COSY. The elementary pN-->7rN and 7rN-~K+A amplitudes are as
well known from available data .

Since K+-mesons only weakly interact wich the nuclear medium due to the strangeness
conservation, the information about the production mechanism does not get distorted
significantly. This is essential in evaluation of strangeness production mechanism from
the data.



" There are a variety of models for strangeness
production in proton-nucleus and heavy ion collisions .
These models are based an a quite different
theoretical assumptions about the reaction dynamics
and underlying strangeness production mechanisms .

" Most of the model calculations are able to reproduce
the data an total K+-meson production Cross section
in p+A collisions at proton beam energies from 840 to
990 MeV .

" It might be that the data an total K+-meson
production Cross section are not sensitive to the
dynamics of strangeness production .

" It might be possible, that more differential data can
be more selective to the underlying theory
owever ., there are n.o resul

tl c c :5c tic;al a lalvsis (:)f straf
collisions a~\�°allable froin a

Svst:eniatica;l Theoretical Analvsis
of K+-nneson production in proton-nii.cleus

collisions a:t energies below 3 GeV

A. Sibirtsev
IKP, Forschungszentruin Jülich

1`rorn a: svsteniatical

tlie known nioc els .
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Folding niode.

" In terms of the multiple scattering theory the kaon
production in p+A collisions can be deseribed as an
incoherent sum of the two-body interactions .

" In nuclear matter the incident Proton interacts wich
the target nucleon, which has a certain internal
momentuni q7, and total energy ET .

" The Joint probability to pickup a target nucleon wich
the momentuni qT and total energy ET is given by
nuclear spectral function . Note that in nuclei

ET
:~ u-

	

2
,

	

AT' + MN-

The amplitude of the meson production in the
interaction of the incident Proton wich the target
nueleon can be evaluated from the date available in
free space . The K+-meson produetion involves the
date on :
p+N-->N + Y+K+ reaction in free space, wich N

denoting Proton or neutron, and Y being A or Z-
hyperon .

" p+N--->7r+X and 7r+N-->Y+K+ reaetions .
" Details are given in A . Sibirtsev, W. Cassing and
U . Mosel, Z . Phys . A 358 (1997) 357 .
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syst
111 . p-

K+-nieson production at einission angle OK-400 in p+C
and p+Pb collisions at, T�=1 .2 GeV. M . Debowski et al ., Z .
Phys . A 356, (1996) 313 .

zu
nN 4
Co 10

inatical analysis of -AG ineson production
.A. co

	

-MAI tlie

	

-ling Model. .lfision.s Füh
SATURNE data,

p+A --> K'+X at Tp = 1 .2 GeV, -6K=40"
16-1 .
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The histograms indicates the FM calculations . `ehe

hatched histograms show the contribution only from the
direct production mechanism .
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SY-steinatical tauelysis cif K -1-- nieson production
p-+A collisions witliin. the FoldingModel.

ATURNE data,

K+-meson produetion in p+C and p+Pb collisions at
Tp=1 .5 GeV at the ernission angle OI,(=400 . M . Det)crvislei
et al., Z . Phys . A 356, (1996) 313.

w-,
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The histograms indicates the FM caleulations . The
hatched histograms show the contribution only from the
direct production mechanism .
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Syst inatical analysis of -K -'*""*-' nieson 1,)rodi.i(.-,tioii
.-4--A (.�ollit3ioiii3 stthin the 111a)1C1iiiI4 GUMMI

!MUSE data

K+-meson production at 8h=40° in p+C collisions at
Tp=2 .5 GeV. Data published in M . Debowski et al ., Z . Phys .
A 356,, (1996) 313 .

p (GeV/c)

The histograms indicates the FM ealeulations . The
hatched histograms Show the contribution only from the
direct produetion mechanism.
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ysteinatical analysis of -AG' iii(zu3c)ii productioi
-1-..- .A (-�oll.isioiis witbin the Foldirig Model .

LBL data,

K+-meson production at eniission angles OK=150 , 350 , W)
and 80' induced by 2.1 GeV Protons an Pb. S . Sehneuer et
al., Phys . Rev. C 40, (1989) 640 .
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The SATURNE and ANKE data an differential K+-
meson production Cross section available at proton
beam energies Tp from 1 .0 GeV to 2 .5 GeV can be
well described by the Folding Model calculations .

The folding model calculations could not reproduce
the large part of the LBL data at proton
beam energy of 2.1 GeV . The FM calculations
substantially underestimates data especially at large
kaon production angles .
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The partial discrepancy between the FM calculations
and the data might indicate the physics beyond that
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In the ROC model a nuclear reaction is described an the basis of the participant-
spectator picture . Each interaction of the incident proton with the target nucleus (AZ)

consisting of A nucleons and Z protons is characterized by the number a of target nu-
cleons and z of target protons involved in the reaction. The cross sections Oaz for the
interaction of the projectile with (az) target nucleons are calculated an the basis of a
probabilistic interpretation of the Glauber theory [2] . A multi-step picture is proposed
to describe the interaction process, where a group of (az) participating target nucleons is
treated as a single entity. In the first step translational energy is converted into internal
excitation energy of subsystems emerging from the projectile-participant interaction and
of the residual nucleus containing A - a nucleons and Z - z protons .
The excited subsystems contain the valence quarks of the participants and additional

quark-antiquark pairs created during the collision . In the second stage of the reaction
all quarks recombine randomly to baryons and mesons in accordance wich the rules of
quark statistics [3] . Primarily produced resonances decay further into stable hadrons .
The structure of the residual nucleus is disturbed by the primary projectile-participant
reactions as well as by secondary interactions of the outgoing particles with the nuclear
environment . Thus, the residual nucleus becomes excited too, and may break into several
fragments. During the second stage of the reaction all channels aaz are populated, which
are allowed by quantum number conservation . By introducing the relative probability
dWaz (s ; Qeaz) of populating the channel aaz the differential cross section is calculated as
an incoherent sum

do,(s) = Z

	

Z

	

6azZdWaz (s; aaz)
a=1 z=max(0,a-Z)

	

aaz

with s denoting the square of the CM energy of the projectile-target system. The cross
sections 6az depend an the nucleon density in the target nucleus and an the elementary
NN cross section UNN. For details concerning the calculation of 6az the reader is referred
to [4] . The quantities

dWaz (s ; aaz) a dL� (s ; aaz)A 2 (aaz)

	

(2)

describe the collision dynamics, the relative probabilities of the various channels and the
distribution of the final particles in phase-space . They are given by the Lorentz-invariant
phase-space factor dL� (s ; aaz) of the n primarily produced final particles times the square
of the empirical reaction matrix element A2 (aaz) .
The matrix element is split into factors describing the relative momentum distribution

between the residual nucleus and the participants, the interaction of the projectile with
the participants and the excitation and subsequent decay of the various subsystems .
The ROC model aims at a simultaneous description of both hadronic and nuclear

reactions . For the present investigation the saure parameter values are taken as in a
recent paper about particle production in pp interactions up to ISR energies [1] . In case
of nuclear interactions some of the parameter values depend an the number of participants
in a similar way as described in [5] . The treatment of the residual nucleus is discussed in

[4 ] .
The ROC model is implemented as a Monte-Carlo generator which samples complete

events from which nearly all kinds of measurable quantities can be deduced and compared
with experimental results . As an example in fig . "Papp" the production of pions and Pro-
tons in pA interactions at various energies is considered . The overall agreement between



data and calculations is quite satisfactory. In case of K+ production the resulting picture
is rather controversial . While the LBL data (fig . "LBL") are strongly underestimated we
observe in case of the ANKE data (fig . "ANKE") a much too high calculated cross sec-
tion, except the high-momentum part at 1.0 GeV, which is again underestimated . Only
for the SPESIII data (fig . "SPES3") a satisfactory agreement between data and calcu-
lations could be achieved . It should be stressed, however, that the data are measured
under quite different kinematical conditions . Therefore, a direct comparison of the data
is difficult . Further considerations are necessary in order to understand the observed dis-
crepancies . Possible improvements are a more refined treatment of the residual nucleus
and the inclusion of a high-momentum component in the internal momentum distribution
of the nucleus .
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The ANKE Collaboration has presented a systematic set of differential K+ spectra at this
workshop that ranges in bombarding energy from 1 .0 - 2 .3 GeV for light targets such as
12C up to heavy targets as 197Au. The data from V. Koptev an total Cross sections below 1
GeV (taken more than a decade ago) Show a scaling in mass of exponent a �~2 1 which lead
to the early suggestion, that a two-step mechanism (pN -> 7rNN, 7rN' ---> K+Y) might be
responsible for the surprisingly large cross sections seen experimentally. This exponent,
however, is not observed in the differential data of ANKE at 1 .0 GeV taken in the forward
direction . A. Sibirtsev has demonstrated within the folding model - employing one-step
and two-step production mechanisms as well as realistic spectral functions for the targets -
that the existing data an K+ production for pA reactions can approximately be described
in this 'almost parameter free' model. An exception seem to be the BEVALAC data at
2 .1 GeV which appear too high by about a factor of 2 especially in forward direction as
well as data taken at large angles . Such calculations show the dominance of the two-
step mechanism for low bombarding energies and the leading one-step mechanism at high
energy. But, do we really understand the ANKE data within this framework?
E. Paryev, furthermore, has demonstrated within his folding model that attractive nucleon
potentials are necessary to properly describe the high momentum pion spectra and the
K+ yield at high laboratory momentum (from ITEP), where the one-step mechanism
seems to play the major role . But what about the momentum-dependence of the nucleon
potentials in the entrance and exit channels? These potentials shift the relative position
of the spectra in momentum and also the total cross section as a function of bombarding
energy quite substantially . We recall that the nucleon optical potential changes from
roughly -60 MeV at zero momentum to -- 40 MeV at p = 2 GeV/c . Thus, depending
an the nucleon final state momentum, a variation in the differential K+ yield should be
substantial . So far, no selfconsistent calculations are available that include our present
knowledge about the nucleon and kaon potentials in a satisfactory manner .
The rather involved transport calculations presented by Z . Rudy so far did not incorporate
these potentials, however, the latter are implemented in the transport code and have been
tested in nucleus-nucleus collisions some time ago. From the results shown we learn that
elastic K+N rescattering plays an important role especially for heavy targets and large
scattering angles. This leads to the suggestion that the A-dependence of the kaon yield in
the narrow ANKE acceptance at forward angles does not allow to determine the reaction
mechanism from the a parameter alone . Simply due to the phase-space of one-step and
two-step reactions the relative fraction of kaons from one-step processes seen by ANKE
in forward direction is much larger than the fraction of kaons from the two-step reaction
mechanism . Though the K+ spectral shape of the transport calculation is well in line
wich the experimental observations, the integrated cross sections differ up to a factor of
3 . Is this indicative for some new physics or does it merely reflect normalization errors
(both in theory and/or experiment)?
The calculations within the statistical ROC collision model presented by M . Büscher
(performed by H. Müller) discard any dynamical effects and incorporate multi-nucleon
collision processes. Is the mechanism of kaon production merely a statistical process?
Here the ANKE data at 1 .0 GeV give a preliminary answer ; the spectrum peaks at
somewhat higher momenta than expected in the ROC model . Since the shift of the
K+ peak to lower momentum - relative to the one-step kinematics - is an indication of
beginning thermalization, this observation by ANKE clearly rules out thermal models as
adequate descriptions of the data seen .



Apart from the models presented here, that involve essentially on-shell dynamics between
subsequent reactions, one has to worry about off-shell effects due to the large width of the
nucleon spectral function in the medium (- 40-80 MeV) and the width of the in-medium
K+ (- 20 - 40 MeV) according to dispersion relations . In the context of nucleus-nucleus
collisions such off-shell effects indeed were found to be large in subthreshold particle
production since a nucleon (or kaon) can be populated with a much lower invariant mass
M' in the medium . The probability for such phenomena is directly proportional to the
hadron spectral function . The propagation to the vacuum then proceeds (via energy
conservation) by a compensation of invariant mass squared AM2 = Mv - M'2 with the
momentum squared Op2 = p'2 - p2 . Do we have the same sensitivity in pA reactions?
In summarizing, there are presentey more open questions than answers and a lot of the-
oretical work has to be done to clarify the situation . Especially data from ANKE up to
1 GeV/c of momentum at different bombarding energies will provide unique constraints
an the theoretical approaches, that have to enter a new stage of sophistication by now .



Nearest future plans for the subthreshold K+
production

V.Koptev

High Energy Physics Department
Petersburg Nuclear Physics Institute

188350 Gatchina
Russia



180



At the last PAC, 2 weeks were requested for

item

	

time

A-dependence at low kaon momentum,
angular dependence within 0-12 deg

	

3 days

fine tuning of degraders, wide momentum
range (150-1000 MeV) measurements

	

2 days

measurements in the near
threshold region

	

3 days

A-dependence, Lest K+p, K+d correlation
measurements to estimate an accidental
background

	

6 days

Energy D2 mode targets

2.3 GeV 1 .3 T C, Ag, Au

2.3 GeV 1 .6 T C

1 .5 GeV 1 .6 T C, Au

1 .2 GeV 1 .6 T C, Au



Only 1 week was approved by PAC which means that we must simplify the program .
We can have only 1 or maximum 2 changes of beam-ANKE conditions .

Priority number 1 is or to check the obtained unexpected A dependence at low kaon
momenta and to have high statistics for the (0-12)° angular dependence of the Cross
sections at 2.3 GeV. Since in any Gase we have problems for telescope 1 it is proposed
to do all the measurements in only one D2 mode, (1 .6 T mode) with delayed veto in the
on-line trigger .
We shall try to do fine tuning of degraders during ANKE machine development .
Priority number 2 is to measure a wider kaon spectrum (< 650 MeV/c) at 1 .2 GeV at

least from one target : Carbon .
Priority number 3 is to start K+p, K+d correlation measurement as a test to understand

possible accidental background . So happened that we have never switched an the forward
detector for the strip-target and know nothing about it's possibilities at these experimental
conditions .

For the correlation measurement at 1 .2 GeV we need SW calibration with the pp
d7r+ reaction with the deflection angle 10.6° and at energies of 700 MeV or 800 MeV with
a CH2 target .

It is proposed to do these measurements during one night of the ANKE machine devel-
opment time .
The lowest priority is 1 or 2 days measurements with a carbon target either at 2.3 GeV

in a wide momentum range or at 1 .5 GeV (close to the kaon production threshold of 1 .58
GeV) .
The choice of the energy and the real possibility of these low priority measurements will

depend an the results of theoretical analysis and how successful we are in the beginning
of the beam time in autumn 2001 .
The final goal of the subthreshold kaon production measurements are the K+p, K+d

correlations at 1 .0 GeV. For these measurements we need 4 weeks . lt is intended to
prepare the proposal and the beam-time request in spring 2002 . It strongly depends an
the results of the measurements at 1 .2 GeV where we must spend not less than 4 days of
measurements . For K+d, K+p correlation measurements it is necessary to have füll ANKE
system working including the forward and the negatively charged particle detectors .
Measurements of forward protons and 7r- in correlation with kaons will permit us to

reconstruct the A(1116) and from effective (K+A) mass measurement we can also make
a conclusion whether they are originated from 7rn or pN interactions . Therefore, this
possible beamtime can take place in the Tate autumn 2002 or spring 2003 .
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The accepted ANKE experiment "Subthreshold K- production" [1] requires the mea-
surement of K- mesons. A detector system similar to that used for measurement of
positively charged ejectiles [2] is constructed [3] and the first steps to build up the de-
tector elements have been done . It will be placed inside the return yoke of the C-shaped
D2 dipole (magnetic field 0 to -- 200 mT) and partly outside the magnet (Fig . ANKE
detector layout) . At the maximum field of D2 (1 .6 T) negatively charged ejectiles can
be measured in the momentum range from -- 120 to ~, 1000 MeV/c. The horizontal
and vertical angular acceptances are roughly : ahoi =±12° ; ave,=::L8° at 200 MeV/c and
ahor=-2° to 12°, a�T=::L5° at 1000 MeV/c [Fig . ANKE detector layout] .
With such a detector setup also negatively charged pions can be detected . Thus

in combination with the positive detector systems additional reactions can be investi-
gated at ANKE. For the investigation of the reactions pn~ aöd (K+K- ) and pn--> fod
(K+K-,7r+7r-) [4][5] already 3 weeks of beamtime are approved at COSY. Parasitically
one can study the production of 0-mesons an the neutron. For the investigation of heavy
hyperons the new detector group is also very useful ; e.g . the nature of the A(1405)
resonance can be studied in pp->A(1405)K+p or in pd->A(1405)K+d [6] .

In addition to the elementary reaction also p+nucleus reactions can be studied at ANKE
to investigate so called medium effects . Interesting candidates are K+K--correlations
- respectively the 0-meson [7] - or 7r+7r--correlations [8] . In this context the mass
modification of the K--meson is assumed to explain the high K-/K+-ratio in comparison
to the K-/K+-ratio in elementary production [9][10] . Experiments which investigate
density effects of the isoscalar state of two strongly interacting pions - the fo (400-1200) -
have been done at CHAOS (TRIUMF) [8] and at Crystall Ball (AGS) and are also subject
of measurements with the TAPS detector system .
The transparencies discuss mainly only the in-medium modifications of the 0-meson.

But also an absolute measurement of pp-3pp0 at ANKE appears promising. The the-
oretical interpretation [11] of the existing experimental w and ¢ data in p+p reaction
Shows potentially that only the 0 data point from the DISTO collaboration [12] deviate
to some extend from the OZI rule . DISTO measured the 0 production at Tp=2.85 GeV
(Q--82MeV) COSY-11 measured pp-->ppK+K- at Q=17 MeV (Tp=2.547 GeV) [13] . At
this energy K+K- production via the 0-meson is forbidden. The threshold for 0 pro-
duction is at Tp=2 .593 GeV, which is between the energy of the COSY 11 and DISTO
measurements . A measurement of 0-meson production slightly above threshold at T--2.65
GeV is therefore reasonable since information about 0 production close to threshold as
well as about K+K- through the resonances ao /fo can be obtained . The maximum beam
energy at COSY of around 2.65 GeV corresponds for the 0-meson to an excess energy
of 18 .6 MeV. In the range of this Q value experimental data points for the w production
from DISTO and SPESIII [14] exists so that it would be adequate to measure at ANKE
only the 0 production .
The A-dependence measurements of 0-production can help to understand the inter-

action (QON ) and decay (I'o, mo) of the 0-meson in nuclear matter. Various theoretical
publications predict - already for normal nuclear density - a shift of the pole mass up
to a value of 40 MeV [15] [16] as well as an increasing of the free width from Fo = 4 .4
MeV up to 22 - 45 MeV [16][17] . For the A dependence exists the following theoretical
prediction : o,(A)- or(1)a , a = 0 .66 ± 0.03 [18] .

For 0 production in the p+nucleon reaction at threshold the K- momenta range from
403 to 795 MeV/c. If the ¢-meson or K+K--pairs are produced in p+nucleus reactions
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Figure 6. The invariant K+K_ spec-
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lead targets respectively. The hatched ar-
eas are the backgrounds evaluated by the
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The resonance position obtained by the present work are
consistent with the known value of 1019.4 McV/c^2 . The
widths of (D meson from polyethelene and the carbon tar-
get are also consistent with the natural width of (D meson .
For the lead target case, the width looks larger but the
present statistica l significanse is not enough to conclude
the difference .
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CH, c Pb

Figure 7 . The resonance position (A) and
width (B) of the observed 0 rnesons . The
line is drawn at the v-alues in free spane.
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Nuclear production of (D meson at
KEK (KEK-PS E325)
(exp. data, prehminary !!)
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6(A) = 6(A=1) x Aa

- o(PE)Jo(C) roti~
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Figure B. Mass number dependence of the cross section. The solid line is obtained by the
ratio of the lead to the carbon data. . The dashed line is the best fit over the three points .
The data point for hydrogen is obtained by the CHz-C subtraction.

Table 2
C,ompacison of the a parameters and the kinematic regions.

Pb

s (Ge) 0 wfGe c ZF
12GeV p + Pb/C(present work) 5.1 0 .98±0.10 0.4< pT <1 .5 -0.8< ZF <0.3
120GeV/c p + Ta/Be[101 , 15.1 0.86±0 .02 0< pr <1 0<,ZF <0.3
100Gev/cp+ Pe/p(101 14.2 0 .96±0.04 0< pr <1 0.11< xF <0.24
70GeV n -}- A [111 11 .6 0.81±0.06 0< pT <1 0< XF
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TOF wall
r

	

Aerogel Cherenkov

KDC

Flodoscope

8srrel DC

Figure 3. Top view of the E325 setul)

	

Figure 4. Side view of the E325 setup

points are more than 20 min apart froin the target . '1'he clear resonance t~eak of A shows
the mass resolution of 2 .2 MeV/c.2 .

By rescaling this mass resolution by taking account of the differences in the Coulomb
scattering effects and in the mornentum distributions of protons, pions, and kaons, we
evaluated the mass resolution of the ¢ -+ Ii +h' - invariant mass to be 1 .2 MeV/c2 , which
is good enough for the present analysis . '1 'he peak value of the Gaussian fit is 1115.11
MeV/c2, which is consistent, with the mass of A in the literatclre[12], 1115.68 MeV/c2.

Figure 5 . The per- invariant mass spectra. The live is the best fit result of a Gaussian
with a linear background . A is seen at 1115.11 MeV/c2 with a resolution of 2.2 MeV/c2.
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exp. data : pA -> K-X

1) ITEP, Y . Kiselev

	

(preliminary!)

2) GSI, W . Scheinast (FZ-Rossendorf)

	

(preliminary!)

pAul
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= 2-4 gb/(GeVzsr)
p=0,64 GeV/c
T=2,5 GeV pBe 10--40°

p=1,64 GeV/c
T=2,5 GeV

p=0,64 GeV/c 0--10°
T=3,5 GeV
0--40°
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rate estimation :

	

pC -> K+K-X, T=2.5 GeV
L = l . 1 ot-I2em-2s-1

rate dlstiibutlon

200

Epos . START: -

	

3.10+5 s-1

E neg. START: -

	

1 . 10+5 s- 1

coincidence window : 50 ns

_ Triggerrate: 30.0000I

Triggerrate : 3.0000

50% deadtime of DAQ & 50% K+ detection efficiency
1500 K+K-pairs per hour
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Summingmup
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- preparation of a ~-proposal for the next PAC meeting
(nov. 2001)

- beamtime request's for the highest possible COSY energie :

(i) pp -> ppa , H2-target (incl . detector commissioning)
roughly one - two weeks

(ii) pA -> ~X , several solid targets (C, Al, Cu, Au)
roughly one - two weeks

of
course
every

contribution
is

welcome !
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Status of ap studier wich ANKE

V.Kleber

Institut für Kernphysik

Forschungzentrum Jülich

52425 Jülich

Germany
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Until now no satisfying interpretation of scalar mesons could be found . With the beam
time in January/February this year we want to shed more light an the scalar meson aö .
The goals of this beam time are the measurement of the aö production cross section and
the determination of the branching ratio aö --> (7r+77)/(K+K°) .
In the analysis the reaction is identified in three steps . First a 7r+/K+ is identified in
the side detection system . Criteria are time of lggght (TOF), vertical angle (to identify
particles from the target) and energy loss in the counters (mostly needed for K+ identifi-
cation) . As the second step deuterons are selected via their TOF and as the last step the
missing masses m(pp,d7r/K) and m(pp,d) are calculated to identify the reaction .
In the Kaon decay channel the missing K° can clearly be identified in the missing mass
spectrum m(pp,dK+) with a FWHM of 16 MeV . The m(pp,d) distribution Shows a peak
at the mass of the aö . By all these criteria the reaction pp -> dK+K can be identified
unambiguously . Nevertheless these criteria do not help to make a statement about reso-
nant and non-resonant contributions .
According to the model of V.Grishina et al . [1] the non-resonant contribution should be
negligible . Furthermore, applying the model an COSY 11 and DISTO data for the reac-
tion pp -> ppK+K - [2] assuming all events stem from non-resonant production, taking
into account our excess energy, the fusion probability of two protons into a deuteron and
a 3-body phase space (dK+K) instead of four (ppK+K- ) gives a very low contribution
of non-resonant reactions pp -> dK+K° . Assuming all COSY 11 and DISTO events to be
resonant (pp -> ppa' -> ppK+K- ) gives a cross section for our reaction which is consis-
tent with our present estimation .
V.E.Tarasov made calculations for the missing mass distribution m(pp,d) assuming reso-
nant and non-resonant production . The x2-test gives no unique preference to either res-
onant or non-resonant distribution but rather Shows that it is not possible to distinguish
resonant or non-resonant production by just looking at the missing mass distribution .
The distribution is not yet corrected for efficiency or acceptance but it is not expected
that this will help to distinguish resonant and non-resonant production .
For the 7rq channel the reaction cannot be identified as easily as in the K+K° channel .
The m(pp,d7r) distribution shows an enhancement at the 77 mass which is still broad . In
the m(pp,d) distribution a shoulder at the mass of the aö can be Seen . For this channel
additional criteria have to be found in order to suppress non-resonant background and
events from other channels than pp ---> d7r+77 .
With the present result an the K+K° channel a preliminary estimate of the aö production
cross section has been done assuming all events to be resonant . The analysis of the lumi-
nosity is still going an and shows large discrepancies at this stage . If L = 1 .0 *1011 s -1cm -2
is assumed then our estimate of the aö production cross section is 0.62 pbarn with un-
known error yet . The value is consistent with the model of V.Grishina et al . [1] and the
estimation from COSY 11 and DISTO data [2] .
For a more exact determination it is necessary to know the efficiencies of the individual
counters in more detail . The eficiency of the cut an energy loss in the DE counter of a
telescope is determined by the ratio of K+ events after and before the cut . This efficiency
has been determined for telescopes 11-15 . It shows a decreasing tendency with increasing
K+ momentum . Moreover for each telescope it is decreasing with decreasing hit angle .
The efficiency of the track reconstruction and the forward chambers has been studied
for different telescope and forward counter combinations and different valid start coun-
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ters . For each telescope and forward counter combination it seems to be constant (not
depending an the K+ hit angle an the telescope) . The efficiency is slightly increasing with
decreasing forward momentum but seems to be independent an the angular distribution
of the forward particle .
Summarizing one can say that the reaction channels pp --> dK+K° / d7r+77 can be identified .
l t seems that we see aö production but this still needs more investigations and the datä
analysis still is in progress .

[1] V.Yu.Grishina et al., EPJ A9, 277, 2000 ; nucl-th/0007074
[2] preliminary report of the COSY 11 collaboration, nucl-ex/0109001
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Properties of the ao(980)

Review of Particle Physics, European Physical Journal C3, 1 (1998)
(Status of April 2000)

(980

nterpretatior o the scalar niesons is a Jong standing puzzle . . .

Thefo(980) and a�(980) are often interpreted as being multiquark
states (JAFFE 77) or KK bound states (WEINSTEIN 90) . . .

More detailed models exist, which include more theoretical input at
least phenomenologically. One such unitarized quark model with
coupled channels can understand . . . light scalars as . . . unitarized
manifestations of bare quark model '

	

siates . . .

To reveal its true coupling constants a oupled channel
be applied.

C'P.L77E (MeV)

`984 .?±1 .3 OUR AVERAGE

VALUE (MeV)
50 to 100 OUR ESTIMATE

ao(980) WIDTH

i G (Jpc ) = 1- (0++)

210

. . . must

Width determination ve-y :no,r e "~ c`ere :eY~i~ . Peak
width is about 60 MeV, but decay width can be
much larger .



Benefits from Measu.rement with ANKE

Mode

Existing data R =gKK/g,�1 :

(9$0) DECAY MORES

Fraction (I-'1 /F)

R =gKK/g�,,l = 0 .9 . . . 2 .05 (depending an fit)

" E852 (BNL) :

	

- m(ao+) = 998.3±4 .0 MeV/c2
- nn channel only

0 .`3
" Crystal Barrel : - m(ao+) = 984.45±1 .23±0.34 MeV/c2

- mass resolution Am only - 27 MeV/c2
- contaminations from heavier resonances
- KK and nT1 channels in different data sets

ANKE:
high mass resolution :

( ---> Forward detectors)

simultaneous measurement of two decay channels
(2.65 GeV) p

	

d ao+



Experiment:

Goals

ANKE ea

	

Time an aö Production

* 2 weeks in January/February 2001

*p(2.65GeV)+p---> d+aö

K+ + K'

* determination of the branching ratio

a+ ---> (n+ + il)/(K+ +

measurement of the aö production
cross section



ata Analysis Strategy

p+p---> d+aö

strategy :

	

1 . n+/ K+ in SD

2 . d by TOF (forward-side)

3 . aö by missing mass
+ others ?



Identification of K+/n+ (Side Detection System)

K+/n+ selected by :

* vertical angle
Counts
22500

20000

17500

15000

12500

10000

7500

5000

2500

0
20 -15 -10 -5 0 5 10 15 20

distance from target line [a.u.]

* TOF
Counts

1200

1000

800

600

400

200

P

1-

80 100 120 140 160 180 200 220 240
4tof (Sw5-Sa17) [ch .]

* energy loss of K+ (n+)

000m5
50

45

40

35

311

25

20

15

10

5

0275 2811 285 290 295 300 305 310 315 3211
g[OF(Sa-S0) 1eh.1



Deuteron Identification (FD Detection System)

ppa ao+

U

200

100

50

-50

215

TOF versus momentum distribution
(for a n+ in the sidewall and a particle in the FD detection system)

1000 1500 2000 2500 3000
momentum [MeV/c]

-~ unambiguous identification of
pp --> dK+/n+ X events
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w
z
72

p+p-->d+aö---> d+K+ + K°

(software) conditions :

* K+ in telescopes 11-15

400

300

200

100

a
* particle in FW 1-4

* cut an

	

oment

a(, by Missing Mass

16 MeV

50-265

* cut an OTOF (---> d in FW)

700

600

500

400

300

200

100

Nonresonant Background?--.> expected to be small

0

	

0
400 425 450 475 500 525 550 575 600

	

900 925 950 975 1000 1025 1050 1075 1100

missing mass (pp,dK+) [MeV]

	

missing mass (pp,d) [MeV]

* from model (V.Grishina et al .)
* from comparison with pp--->ppK+K-
from COSY11, DISTO
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Figure S :

	

'lbtal cross sections for Hie fme /i+h - pair pro(luction ill prolon-
proton colllslolls . 'flle llnes 1n(llca .te fits to Hie (Iata. accor(lillg to alle Iloll-

resona.ltt four-hoely lAlase space expectatiolls (solid Sie) ancl tllree-bocly Ullas,
space calctilations Ihr die resonatll, h+E- procluctioll via. I,IIe .m (cla .sllecl lilles),
including tlle pl) FSI ancl tlle Colllolnl) illtera.ctioll . 'Flic "

	

of die largo "
tlncc"rtaillty al>out. Hie \ei(11 .11 of die fl ,(S)S0) 1'esOllilll('(' (1' = 40 - 100 Klev [5])
is illclicatecl lw tlle (lasllc" cl aren .
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p+p--> d+aö---> d+7c+ + il

(software) conditions :

* n+ in sidewall

3000

2500

2000

1500

1000

500

alter ATQ.F anci
mamentum ctit

missing mass cut

an
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(1800-2700

* cut an missing mass (pp,diz+)

ao by Missing Mass
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600 700 800 900 1000 ][100

missing mass (pp,dn) [MeV]

	

missing mass (pp,d) [MeV]



number of events

G int

umber of events :

	

n=560

Cross Section

cceptance

A. Abele et al., Phys. Rev. D57 (1998) 3860, with phasespace correction

branching ratio

r

3 . branching ratio* :

	

ao

	

K+ +

	

12 %

a0
+

	

1t+ + il :88 %

* r- )



4. luminosit31 :

(c54

estimate during Team time ; one run onj
Tedorets -~ L = 2.68 * 1031 s- 1

CM-2

(raost recent value -, for one run only)

v ---> L = 4.5 * 1030 s- 1cm
(different beam energy)

Cross Section

p ---> d + n

L - 103 t s- 1cm

GeV)

}+p-->p+

L At
L

	

55.1 h.



om,etiical acce-Dtance :

EANT sul

Cross Section
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Resume of aö Beam Time

" p(2.65 GeV) p --> dK+K° and ---> dn+q events
have been identified (in total

	

2000 expected)

" Interpretation as

	

pp --> d
n+,q

[Z K+Ko

seems justified

" aö -production cross section is rather large

" Data analysis is in progress . . . !

" Systematic studies of

	

are possible
with ANKE

" ANKE + detectors for
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Analysis of the data an ao-meson production
from the ANKE experiment

A.E.Kudryavtsev

Institute of Theoretical and Experimental Physics
117259 Moscow

Russia
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Recent results an the reaction
pp --> K+K°d

	

(1)

at Tp = 2.645 GeV/c, obtained in the current experiment at ANKE spectrometer [1],
are analysed phenomenologically . The purpose of the analysis is to answer the question
whether these data give evidence for production of scalar aö meson in the KK chan-
nel . The experimental K+K°-mass spectrum from the reaction (1) is shown in Fig.l
(histogram) .
There are some arguments for resonance solution of this problem :
i) The number of events observed in ANKE experiment [1] is in correspondence to

what follows from theoretical estimations . Those theoretical predictions were based an
the estimation of the production rate for aö meson in a simple meson exchange model,
see, ref. [2] for more details .

ii) Theoretical estimations for nonresonance background [2] are expected to be strongly
suppressed in comparison with what is seen at ANKE experiment .

iii) The observed K+K°-effective mass spectrum looks like a resonance or a rather sharp
bump.
Note that arguments i) and ii) are model dependent . The modern effective meson-

nucleon theories of strong interactions are not able to predict cross sections for production
of heavy mesons (ma - 1 GeV) with high accuracy . What about argument iii), the
allowed KK-mass interval is rather narrow (991 .4 < MKK < 1037 .3 MeV) . That is
why the phase volume limitations should already reproduce a resonance-like bump in the
KK-mass spectrum . The complicating point of the situation is in the following : the
expected width of ao meson (1'a - 80 MeV) is larger that the allowed KK-mass interval
Am - 40 MeV. That is why great efforts are to be performed to make distinction between
resonance and nonresonance solutions .

Let us consider first the case, when the reaction amplitude is considered to be constant .
Then the shape of the KK-spectrum is given by phase space factor, i.e .

dm
dm

=Nkq .

	

(2)

Here m is the mass of the K+K° system, k is the deuteron reaction c.m. momentum, q
is the relative momentum of kaons in the KK system, and N is normalization constant .
The distribution (2) is shown in Figure 1 by dotted curve . As it is seen from Figure,
this phase space dependence is inconsistent with the experimental data . Hereafter, when
describing the visible KK spectrum, we take into account experimental mass resolution
by convoluting the theoretical expressions for du/d9 with gaussian :

where

da

	

du
dm -

	

g(m'
m

	

dm'
dm

9(m, rri ) _

	

12~r
exp

[_
(m

2~m1)2J

	

(4)

Gaussian parameter u = u(m) was chosen in correspondence to experimental mass res-
olution function bm(m), taken from ref [3] . According to gaussian parametrization of
experimental resolution we took 6(m) = 6m(m)/2 .36 .



Note that phase space dependence of differential cross section (2) discussed above cor-
responds to the production of final deuteron and ao meson in s wave. However, s-wave
channel in the reaction pp --+ dao is forbidden due to parity and angular momentum
conservations and the Pauli principle [2, 4] .

Consider first the Gase, when K+Ko system has angular momentum l = 0, i .e . kaons
are produced in s wave . Then the KK system should be produced in p wave with respect
to deuteron . Then the reaction amplitude is to have a linear dependence an momentum
k and we get instead of (2) :

dQ _
Ndm - k q .

	

(5)

The distribution (5) being convoluted with the experimental resolution according to the
prescription (3), is shown in Figure 1 by solid line . As it seen, it is in reasonable agreement
with the experimental data and gives X2 /d .f. = 0 .89 (hereafter X2 procedure is applied
to the mass interval 990 MeV <_ m <_ 1038 MeV, for which the number of events in each
bin is high enough) .

In the case when the K+K° system has angular momentum l = 1, we get quite a
different expression for differential cross section :

dQ = N

	

q3 ,

	

(6)dm

which corresponds to the production of deuteron in s wave with respect to the KK system .
The distribution, which corresponds to the expression (6), is shown by dashed-dotted line
in Figure 1 . As it seen, it is inconsistent with the experimental data .
That is why we conclude that in the ANKE experiment at Tp = 2.645 GeV/c2 , the KK

system is produced mainly in s wave.
So later an we shall limit ourself by suggestion that the KK system is produced only

in s wave and shall compare resonance and nonresonance production hypotheses with the
experimental data .

Consider first the case of a pure resonance production of KK system, i.e . through the
chain

pp --> aö d ~ K+K° d .

For this resonance production mechanism the differential cross section has the form

du _
dm NI`4I2~3q'

	

(8)

F(m) = g1gl + g q,

where A = (m - ma + z"F(m)/2)-1 and Ma is nominal mass of ao meson . For the width
F(m) we use the analytic expression, suggested by Flatte [5] :

where ql is relative momentum in the ao --~ 7r + 77 decay channel, taken at m = ma . We
use the parameters ma = 1001 MeV, gl = 0.243 and g = 0.221 for aö meson from the
ref [6] . The result of the X2-fit to the experimental data is shown by dashed line in Figure
1 . The description of the data is quite reasonable (X2 /d .f. = 1 .01) .

So we conclude that both alternative ways for description of the experimental KK-mass
spectrum (resonance and nonresonance) look reasonable .



Now let us consider the Gase when the production matrix elements includes both reso-
nance and nonresonance terms. In this case we get

A

	

m - ma + iI'(m)/2 +
Be

	

,

	

10

where B and 0 are constant . In what follows we shall vary parameters B and 0 to get
better description of the data .
One example of the fit (" Best fit") to the data with the amplitude A in the form (10) is

given in Figure 2 . The parameters B and 0 are presented in the Table . The description of
the data is quite reasonable (X2/d . f. = 0.546) . Solid, dashed and dotted curves in Figure
2 represent total, resonance and Background contributions, respectively. We see that for
this case resonance contribution dominates .

However, the value X2 /d . f . is rather smooth function of parameters B and ¢ (no strong
minimum of X2 functional) . One can essentially increase the value B and obtain similar
to the Best fit description of the data with good values for X2 /d . f . The example of the
description is presented in Figure 3 and corresponds to the value X2 /d . f . = 0 .58 . In
this case background dominates and resonance contribution is suppressed. Both results,
presented in Figures 2 and 3, are summarized in the Table .

Here : xR and xB are relative weights of resonance and Background contributions,

xn = Un /u

	

(n = R, I, B),

and or = UR+6I+QB . Subscripts R, I and B correspond to contributions of the resonance,
interference and Background terms, respectively, and xR + XI + xB = l .
We conclude that the description of the data with matrix element, taken as the sum

of resonance and nonresonance terms (10), is excellent . At the same time both versions
presented in Figures 2 and 3 reproduce experimental data well . So we can not prefer one
of this version to another . Thus, for the moment it is impossible to separate resonance
hypothesis from nonresonance one .

Notice that if nonresonance contribution to the Cross section is large, as in the version,
shown in Figure 3, the genesis for such a large background remains questionable . Existing
theoretical estimations for Background predict smaller value [2] . May be large background
is influenced by the induced decay of the produced ao mesons. In this case the inelastic
aod -> KKd Cross section is large, what corresponds to the molecular hypothesis of ao
meson [7] .
Note that the width of aö meson is large, ra -- 80 MeV, and is comparable with the

studied KK-mass interval Am -- 40 MeV. For the present statistics (number of events
Ne, ~ 600) we can not separate resonance from nonresonance hypotheses (X2 /d . f . is
approximately the saure for both cases) . But if statistics of the experiment will increase,
we get opportunity to separate these hypotheses . This statement is illustrated in Figure 4,
in which the dashed curves correspond to ratios f1 (m) /fo (m) (Figure 4a) and f2 (m) /fo (m)
(Figure 4b) .

	

Here we use the notations fi (m) = dQi/dm (i = 0, 1, 2) for KK-mass

B, MeV-1 0, deg xR xB X2 /d . f .
Fig .2 (best fit) 0.005 15 1 .006 0.065 0.546
Fig.3 (fixed B) I 0.080 -140 0.044 0.720 0.580



distributions . The subscripts i = 1 and i = 2 correspond to pure nonresonance (5)
and pure resonance (8) hypotheses for matrix element, respectively. The case i = 0
corresponds to the some ideal distribution, which we shall identify with our "best fit"
solution, given by solid curve in Figure 2 . The dotted curves Show the error bars, which
are given for the present statistics and correspond to the expressions 1 :L 1/ fo(m) - Am,
and the bin is : Am = 4 MeV. It is Seen that the decrease of errors by factor 3 should
clarify the situation and confirm or disconfirm one of these two hypotheses .

Conclusions
Existing experimental data [1] an the reaction pp -> K+IK°d may be described quite

reasonable under suggestion that all kaons are produced through formation of aö res-
onance . Another possible solution with nonresonance production mechanism also gives
reasonable description of the data . Nonresonance production of KK system with angu-
lar momentum l = 1 may be excluded at present level of statistics . Future increase of
statistics may help in getting the correct solution of the problem .
The authors are thankful to S.Dymov and V.Kleber for useful discussion of the exper-

imental situation . The authors are also thankful to M .Büscher and H.Ströher for their
interest to this work and useful remarks .
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Abstraet
During two weeks of beam time in Jan./Febr . 2001, the production of

aö -mesons in the reaction p(2 .645GeV)p -> daö has been studied at the
ANKE spectrometer . About 1000 correlated dK+ (dir+) events have been
identified which can be interpreted in terms of a(980)-meson production
followed by a decay aö --> K+Ko (-+ 7r+r7) . These count rates allow
systematic investigations of the scalar mesons and we propose 3 weeks of
measurements of the neutral scalar mesons produced in a deuteron target
pn -> daö/ fo . The mesons will be identified by measuring their decay into
7r+,r - - and K+K--mesons in coincidence with the fast deuteron . This
requires the use of the detection system for negatively charged ejectiles
which will be available at ANKE in the beginning of 2002 .
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1 Introduction

This proposal is a continuation of the studies an aö production described in
COSY proposal #55 [1, 2] which was approved during the 14Ih and 20th meeting
of the COSY-PAC . The corresponding measurements were carried out during
two weeks of beam time in Jan ./Febr . 2001 . After a first analysis of the data,
about 1000 events from reactions p(2.645GeV)p --+ dK+Ko and --> dir+,q have
been identified . Based an the theoretical considerations outlined in the proposal
[l, 2] three events are assigned to aö-production followed by a decay into KK or
irr/ . The number of identified aö-mesons is in good agreement (within a factor
of 2) with the predicted values in [2] . We conclude that these moderately
large counting rates allow systematic studies of the scalar aö-meson .

This proposal foresees the investigation of the neutralscalar mesons ao and fo
produced in the reactions pn -~ daö/fo at maximum COSY energy (T = 2 .645
GeV or higher) . Based an the experience of the aö beam time (see Sect . 3 for
first results from the data analysis) and an our cross section estimates for the
aö/fo (see Sect . 4 .1 .2) it is estimated that within three weeks of beam time a
few thousand aö and fo events can be identified .

The cluster-jet target with D2 as target material will be used which will
supply the effective neutron target . The mesons will be identified via their
decay into pions and kaons (a0 --> K+K- and fo -+ 7r+7r-/K+K-) . This
requires the use of detectors for negatively charged ejectiles . This detector will
be installed and commissioned in the second half of 2001 (the latter is planned
to be done parasitically during the beam time an subthreshold K+-production,
see beam request for COSY proposal #18 for this PAC meeting) . Thus the
measurements can be performed in the beginning of 2002 . In addition, a target-
near semiconductor counter will be installed which allows for spectator tagging
and will supply luminosity monitoring .

The detectors and on-line trigger will be set up such that high quality data an
(at least) the following reactions can be expected in parallel : i) pd -> 3H aö and
pd --+ 'He aö (see below for physics motivation) ; ii) pn -> dw/0 (see approved
COSY proposal #75 [3]) ; iii) pn -+ nA(E)K+ (requires the use of a neutron
detector) .
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Physics case

The scalar meson sector plays a very important role in the physics of hadrons
since its carries the quantum numbers of the vacuum . Nevertheless, the struc-
ture of the lightest scalar mesons ao(980) and fo(980) is not completely under-
stood yet and is an important topic of hadronic physics (sec e.g . [4, 5, 6, 7,
8, 9, 10, 11] and references therein) . lt has been discussed that they could be
either "Unitarized qq states", "Tour-quark cryptoexotic states", KIi molecules
or vacuum scalars (Gribov's minions) . Nowadays, theory gives preference to the
qq model (sec [12, 13, 14]), but other options cannot be ruled out so far . Since
there is a strong mixing between the uncharged ao (980) and the fo (980) due to
a coupling to KIi intermediate states [6], it is important to study independently
the uncharged and charged components of the ao(980) because the latter ones
do not mix with the fo (980) and preserve their original quark content . Fur-
thermore, it is generally expected that the different ao(980)/fo(980) production
cross sections in 7rN and NN reactions will provide valuable information an
their internal structure .

The Branching Ratios (BR's) of the two main ao-decay channels (177r and
KIi) are still unclear : the i77r mode is quoted by the PDG [15] as `dominant'
and the KIi mode as `seen' . Its füll width is not fixed and can be in the
interval from 50 to 100 MeV. The situation with the fo is even less clear . While
its width can vary from 40 to 100 MeV, the value of BR(fo -+ KK) is not yet
fixed . Experimental data an the reaction 7r- p n2K° (sec p.418 of Ref.[15])
give evidence that the ratio r(7r7r)/[r(7r7r)+F(KK)] - 0.7=0 .8 ; data an K+K-
meson production can only be described using BR(fo -> KK) - 2% [16] .

As it was suggested long ago in Ref. [17] the dynamical interaction of the
ao (980) and fo (980) with the nearby ICK thresholds can give rise to a significant
ao-fo mixing. Different aspects of mixing dymanics and possibilities to measure
this effect were discussed in Refs.[18, 19, 20, 21] . Furthermore, it was suggested
recently in Ref. [1 l] that new data from the WA102 collaboration at CERN [22]
an the central production of fo and ao in the reaction pp -> p,Xpf give evidence
that the fo-ao mixing intensity is is as large as jel 2 = (8 f 3)% .

Experimental information an the mixing effect is also very important for a
better understanding of the nature of the fo/ao states, whether they really have
a common origin and what it is . Understanding the fo-structure is also crucial
for identifying the dynamics associated with the scalar glueball .

As it is shown in Ref. [23] possible tests of ao-fo mixing can be done measuring
isospin violation effects in the reactions

and

pp -+ daö

	

(a),

	

pn -+ da'

	

(b),

pd _~ 3H aö

	

(c),

	

pd _+ 3 He ao	(d)

dd ->

	

4He aö

	

(e)

near the corresponding thresholds . If the mixing intensity is as large as (8f3)%,
then the isospin violation in the ratio of the differential cross sections of the re-
actions pp ---> daö and pn -> daö as well as in the forward-backward asymmetry
in the reaction pn -> daö not far from threshold can be as large as (50-100)%. A
similar isospin violation is expected in the ratio of the differential cross sections



of the reactions pd

	

3H aö and pd -> 'He ao. The isospin violating effects
can also be measured in the reactions pn --+ dfo and dd -> 'He ao.

The ao-meson can decay into m7 or KK and the fo into 7r7r or KK . As it will
be shown in Sect . 4.1 .3, the Best way to observe isospin-violation effects is to
identify ao-production through its decay into 7rr7 . Nevertheless, a measurement
of such effects in the K+K- decay channel is also very promising : there are
serious arguments (see above) that BR(fo -> KR7) is quite small . If o-(fo) x
BR(fo --> K+K - ) is smaller than o-((a') x BR(ao -+ K+K- ) (which seems
to be the case) then the observation of isospin violation in the reactions pp ->
daö dK+Ko and pn ~ da' -> dK+K - will mostly be related to fo/ao
mixing . Consistency of the analysis can be checked comparing cross sections
and angular distributions for all these reactions . Another possibility to observe
isospin violation is to measure the fo decay into 7r+7r- .

It is also very interesting to measure the cross sections of the elementary
reactions pp ---> ppaö, pp-+pnaö , pn --+ ppaö and pn pnaö . The NN ->
NNao cross sections for different isospin channels would help to understand
the mechanism of the ao production that can also shed light an its internal
structure .

The program of fo/ao physics planned so far for ANKE includes the following
items :

i) measurement of the cross sections and angular distributions for the reac-
tions pp -+ daö and pn -+ daö/fo detecting ao via its ER, 7rr7 decays and fo
through its 7r+zr- and KK decays ;

ii) measurement of the cross sections for the reactions pd --> aH aö and
pd -+ Se aö detecting ao through its KK and irr/ decays ;

iii) measurement of the cross sections dd -+ Se ao lfo detecting ao through
its KK, 7ri7 decays and fo through its 7r+7r- , KIi decays ;

iv) measurement of the cross sections of the elementary reactions pp -> ppaö,
pp --> pnaö , pn -+ ppaö and pn -> pnaö .

The reaction p(2.645 GeV)p -> da' has already been measured at ANKE in
Jan ./Feb ., 2001 . This new proposal foresees measurements at a similar beam
energy using a deuteron target (as an effective neutron target) and detectors
for (positively and negatively) charged ejectiles . In addition, target-near semi-
conductor counters can be used for proton-spectator tagging and luminosity
monitoring.
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Preliminary results of the aö beam time
During two weeks of beam time in Jan./Feb . 2001, the production of aö-mesons
in the reaction pp daö has been studied at ANKE (see [1, 2] for a detailed
description of the experiment) . It was planned to measure simultaneously the
two decay channels of the aö-meson to K+Ko and 7r+r/ . Figure 1 shows the
principal layout of the experiment . The decay kaons (pions) were measured in
the K+-telescopes (telescopes and side wall counters) in coincidence with fast
deuterons . The latter were detected in the forward detection system (FD) which
is located close to the beam pipe of COSY.

The K+-telescopes allow to unambiguously discriminate K+-mesons against
the Background of mainly target pions and protons and scattered particles, see
e.g . [24] and status report for proposal #18 presented to this PAC meeting .
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Figure 9 : Differential cross section of the reaction pn -+ dfo at Tp = 2 .6 GeV as
a function of O,.,,.. The notation of the curves is the same as in Fig.8 .

(which would correspond to isospin conservation) might be 100% or more . Only
in the case IDf IZ « IDa Ia the difference of I Rdc l 2 from 0 .5 will be small . However
this possibility looks very unlikely. lf we consider a two-step model of the
reactions pd -+ 3He ao and pd _~ 3He fo, involving the subprocesses pp -> d7r+
and 7r+n ---> p aolfo (see e .g . Ref.[34, 35]), then we find

v(pd -+ 3He aö) _ . o-(v+n --+ p a ö)
o-(pd -> 3He fo) - o-(7r+n --+ p fo)

.

R(aol?i) =

	

T

	

IDaI
z

	

^- IT(7r

	

p

	

p a0) 1
2

(pd-+ 3He 77')I2 - IT(7r- p

	

p
77')I2 .

(15)

According to Ref.[30] o - (7r+n --+ p ao) = o-(7r-p ---> n ao) - 0.5 - 1 mb at 1.75-2
GeV/c . A similar value of o-(7r-p -+ n fo) can be found using the results of
Ref.[16] . According to this paper o-(7r- p -+ n fo -+ nK+K - -6-8 Mb at 1 .75-
2 GeV/c and BR(fo -~ K+K- ) - 1%, which means that o-(7r- p -~ n fo ) --
0 .6 - 0 .8 mb. Thus we expect IDa I - I Df I near threshold . This would imply
that the effect of isospin violation in the ratio Rd, can, in fact, be quite large .
Using once more the arguments of the two-step model we can write

(16)

Taking o-(7r - p ~ aon) - 0.6 mb at 1 .75 GeV/c and using the near threshold
value o-(7r- p -> r7'n) = (0.35±0 .03) q7'n, . ub (where q7'�, . is in MeV/c) [36] we
find that R(ao/i7') - 1 . Therefore using the experimental data an the reaction
pd --> 'He 77' [37] we get for the reaction pd -> 'He ao near the threshold :

proton

d
qc.m .

	

X

	

d

	

- 0 . 9 nb/sr

	

(17)He
qc.m .



The energy behaviour of the differential cross section for the reaction pd --+
'He 11' was calculated within the two-step model in Ref.[35] . A similar energy
behaviour (as functions of the c.m. energy release Q = ls- -

	

s th) is also
expected for the differential cross sections of the reactions pd

	

3He aö and
pd ----> 'He fo .

4.3

	

Reactions dd -> 4He aö and dd --> 'He fo
Direct production of the a o in the reaction dd -+ 'He aö is forbidden and can
be only due to fo-a o mixing :

with coefficients Z,7(a) presented in Table 1 .

near the fo-production threshold . Any signal of reaction (19) will be related
to isospin breaking . It is expected to be much more pronounced near the fo
threshold as compared with the region below this threshold . An interesting
point is that in case of ao-production the two deuterons in the initial state and
the outgoing 'He aö may be both in S-wave . Thus, compared to the isospin-
violating process dd -+ Se pr o where the initial deuterons must be in P-wave,
the cross section might be larger since no rearangement of the nucleon wave
functions is involved .

The measurements require a deuteron beam with momenta of pd - 3 .7
GeV/c (to be compared with the current maximum momentum of COSY,
Anax - 3.4 GeV/c) and the detection of the pr o and r/ in the final state via
their decay into photons . No beam time for this reaction is requested for in
the framework of this proposal . As soon as the technical requirements can be
fulfilled we will present a more detailled request and present it to PAC.

4 .4

	

Elementary reactions pp -~ ppaö, pp --> pnaö , pn --+ ppa-
and pn -> pnaö

Let us consider, following Ref.[38], aö, aö , a~ production in the reactions pp -~
ppa' (1), pp --+ pnaö (2), pn -+ ppaö (3) and pn --> pnaö (4) within the 7r-
exchange model . For the elementary 7rN -+ Nao transition amplitude we take
into account different mechanisms (denoted by "a") corresponding to t-channel
diagrams with 1/(550)- and fl(1285)-meson exchanges (ce = t(i7), t(fl )) alone
whereas s and u-channel graphs with intermediate nucleon (ce = s(N), u(N)) .

The invariant amplitude of NN -3 NNao reaction is the sum of four terms
coming from diagrams with permutations of nucleons in the initial and final
states

M7(a) [ab ; cd] =

ej(a)[ab ; cd]Mä[ab; cd] +ej(a) [ab ; de].Mä[ab ; de]

e~(a)[ba ; dc]M'[ba ; dc] + e'(a)[ba ; cd].Mä[ba ; cd]

	

(20)

o-(dd 'He aö) -
- ~ ~ (18)o-(dd 4He fo )

Therefore it is very interesting to study the reaction

dd __+ 4He (7r o q) (19)



Table 1 : Coefficients in Eq.(20) for different mechanisms of the pp -~ ppa°o,
pp --> ppaö , pn --+ ppaö and pn ---> pnaö reactions .

As it was shown in Ref.[30] in the region of a few GeV the dominant mech-
anisms of ao production in the reaction 7rN -> aON are u-channel nucleon and .
t-channel fl -meson exchanges which give cross sections for ao production of
about 0.3 - 0 .4 mb. Similar cross sections (- 0 .4 - 1 mb) are predicted by the
Regge model with conspiring p2 (or p2 and bl) exchanges, normalized to the
Brookhaven data at 18 GeV/c [39] . The contributions of s-channel nucleon and
t-channel r/ -meson exchanges are small and can be neglected . The contribution
of the fi exchange to the cross section of the reaction pp -> daö appeared to be
small and the data of Ref.[32] can be described by the u-channel exchange mech-
anism alone . If the u-channel exchange will be dominant also in the reaction
NN -+ NNao then we would expect o-, : 0-2 : 0-3 : 0-4 - 1 : 10 : 1 : 5 (neglecting
interference between different terms in Eq.(20) . If the dominant contribution
will be due to 02 - bi Reggeon exchange, then o- i : 0"2 : O9 : o-4 - 0 : 2 : 2 : 2 .
Correspondingly for f -exchange we would have vi : a'2 : 0-3 : 0-4 ^' 1 : 2 : 1 : 1 .
The most striking ratio 0'2 : vi - 10 we have for the u -channel mechanism .
However in any case o-i appears to be suppressed as compared with v2 . The cross
sections of the reactions (2) and (3) are expected to be the same for the Regge
mechanism, but if the u-channel is dominant we expect 0-2 : o-3. Therefore
measurements of the NN -3 NNao cross section for different charge channels
would help to understand the mechanism of the ao production .

Recently the COSY-11 collaboration [40] reported cross section Q(pp
ppK+K- ) - 2 nb at Q=17 MeV. According to the fit to the COSY-11 and
DISTO data (see Fig . 8 in Ref.[40]) we get v(pp --> ppK+K- ) - 20 nb at
Q=50 MeV. Dividing this value by BR(ao -+ K+K- ) - 0.1 we can estimate
an upper limit for o,(pp -~ ppaö) at Q = 50 MeV to be about 200 nb . Then, as
it follows from Table l, the upper limit an the cross section o-(pp -+ pnaö) is

Reaction j mechanism a '.` « [ab ; cd] e'.` a [ab ; dc] ~'.` a [ba ; dc] e' a [ba ; cd]
pp -~ ppaö (t(~),t(fl)) +1/-,/2 -1/-\/2 +1/,/2 -11V2

(s(N» +1/v'2- -1/-,72- +1/v'2- -1/-~72-
(u(N)) +1/-~72- -1/,/2- +l/V,2- -1/-~72-
Regge 0 0 0 0

pp -~ pnaö (1(rl)1t(fi» -'r2- 0 0 +,/2-
(s(N)) 0 +N72- --,72- 0
(u(N)) +2vr2 -v/-2 +-~72- -2 ,~72-
Regge -1 -}-1 -1 +1

pn->ppaö (t (77) 1 t(fl )) +1 -1 0 0
(s(N)) -2 +2 -1 +1
(u (N» 0 0 +1 -1
Regge +1 -1 -1 +1

pn --> pnaö ( 1 (77), 1 (fi)) _1 0 +1 0
(s(N)) -1 -2 +1 +2
(u(N)) -1 +2 +1 -2
Regge 0 -v/2- +V'2- 0



expected to be considerably (up to a factor 10) larger . We remind for compar-
ison that our prediction for the cross section of the reaction pp --+ daö (which
was the basis for the count-rate estimates in proposal #55 [2]) is about 1 pb at
Q = 50 MeV .

5

	

Detection scheine and rate estimates
Based an the experience of the last ANKE beam time, the number of assigned
pp daö events from Sect . 3 and the cross-section calculations from Sect . 4 .1 .2,
a brief estimate of the expected count rates and possible background in case of
the neutral scalar mesons is presented in this section .

In order to observe scalar meson production in pn collisions, a deuteron
cluster-jet target will be used . For the unambiguous identification of aö/fo-
production an the neutron one either has to

o pin down the quasi-free reaction an the neutron with the help of spectator-
proton detection, pd -+ p,pdX, and to detect at least one charged decay
product of the meson with ANKE, or

o measure all particles in the exit channel of the reaction pn --+ dS -3
dm1m2 . . ., where S denotes the produced scalar meson and the m2 its
decay products .

The first technique has already been applied at ANKE for the detection of 7ro-
and w-production an the neutron . However, for the present proposal we prefer
the second method, i .e ., detection of the K+K-- and 7r+7r- -pairs from a0'/fo-
decay . The reason is that currently the target-near spectator counters are rather
small . Thus the acceptance for the detection of scalar mesons at ANKE is larger
if one uses the detectors for negatively charged ejectiles (to be installed in fall
2001) in coincindence with the already well understood detectors for 7r+- and
Ii+-mesons . Nevertheless, during the beam time the spectator counters will be
installed for luminosity monitoring as well as for spectator-proton detection . As
in the case of the aö-meson, the fast deuteron will be detected in the forward
detection system .

Our simulations gave the following results for the acceptances of aö/fo-
detection, as compared to the aö , and for the expected count rates :

ao/fo --3 K+K - The geometrical acceptance of ANKE for the detection of
K+K--pairs is (almost) equal to the single K+ efficiency . This is due to
the fact that only those K+-mesons are detected with c.m . emission angles
of - 0° or - 180 ° . Close to threshold the coincident K - -mesons must have
emission angles of - 180° or - 0° and are also within the ANKE angular
acceptance . The momentum range covered by the negative-particle de-
tectors fully overlaps the momenta of the K- -mesons from aö/fo-decay .
Consequently, losses are dominantly due to K - -decay-in-flight between
target and detectors . Thus, the total acceptance for K+1(--pairs from
a0'/ fo-decay is estimated to be 30% of the value for aö -+ K+Ko events .
The cross section for fo(aö) -production in pn-collisions is predicted to be

5 times larger (- 2 times smaller) than of aö-production in pp colli-
sions . Therefore, the expected count rates are roughly 2 times larger (5
times smaller) for the fo(aö) as compared to the rates in the aö beam



time and within the requested beam time of three weeks a few thousand
events should be observed . We expect that the background in this decay
channel containing open strangeness should be comparable to the case of
pp-collisions where it is probably negligible .

fo --> 7r+7r- According to our simulation calculations, the detection efficiency
for the 7r+7r--pairs from fo-decay is - 10-4 . This is about one order of
magnitude less than for the 7r+-mesons from aö-decay . Since the cross
section for fo-production is expected to be - 5 times larger, it is expected
that within three weeks of beam time up to 1000 fo -> 7r+7r- events can
be detected . In the d7r+ missing-mass spectrum of Fig .4 there is no peak
around the pion mass . Thus the number of d7r+7ro events in pp reactions
is smaller than the number of detected aö -mesons . It is concluded that
for the case of pn --+ d7r+X reactions, the background in the 7r- region
should also be smaller than the signal from fo -+ 7r+7r- events (the latter
having a larger production cross section than the ah .) .

6

	

Overview of possible experiments

Possible reaction channels with the production of scalar mesons which might
be investigated at COSY are summarized in Table 2 . An advantage of the
measurements proposed here is that a few reaction channels can be observed in
the Same experiment . This is especially useful for the reactions with 'He and 3H
in the exit channel : for a quasi-free pn reaction at a beam energy of T = 2 .645
GeV, the maximum accessible mass is mmax = 1 .036 GeV (this value is slightly
higher if Fermi motion of the neutron is taken into account) . In case of the
reaction pd -> Se X the maximum mass is mmax - 1 .4 GeV . Thus a much
wider coverage of the ao resonance without phase-space restrictions is possible
or, in other words, this allows the measurement of the aö/fo excitation function
at two energies during the same beam time .



(* Isospin restrictions : I(d+d) = 0, I('He) = 0, I(dao) = 1, I(d fo) = 0

Table 2 : Overview over the possible reactions with production of scalar mesons
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Beam-time request
Summarizing, we apply for the following amount of beam time : Three weeks
to study the production of aö- and fo-mesons in the reaction pn -+ daö/fo
at maximum COSY energy (T = 2.645 GeV or higher, if possible) . It is ex-
pected that a few thousand mesons can be identified by detection of their decay
products, ao -> K+K - and fo -> 7r+7r- /K+K- in coincidence with the fast
deuteron . From the measurement of the fo c.m . angular distribution informa-
tion about the isospin-violating ao-fo mixing can be expected . In addition, the
production of other mesons in pn collisions (e.g . the 0(1020)) will be studied
simultaneously.

Entrance Exit channel Comments
channel Baryons a~ aö aö fo-- - I I

I
p + p COSY 11, Q=17 MeV
p+p
p + p ANKE, Jan . 2001
p + n (this proposal)
p+n
p -}- n
p + n this proposal
p + d this proposal
p + d IM© this proposal
d + d * ~~'- -©I, , isospin violation(?)

Decay channels 7r- 71 ir17 7r +17 7+ 7r-
7r ° 7r °

Ii - Ii° I1 + Ii- Ii+W71- K+ Ii-
K°Ii°o K°h°o
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Proposal #97
"Investigation of neutral scaler mesons a:o , with ANKE"

Maybe a betten title would be:

pn ~ dY

	

@maximum COSY energy

pd ~ 3He ao~foNote:

pd ___>
3H aö

X =

	

" aö/fo

	

(motivation follows)

10 WO

	

(accepted COSY proposal #75)

Y =

	

" K+ A/E

larger aö/fo masses accessible!!)

N/1 . « iis c Ii c i- . 4-/01
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Wlly aö/fo?

(Branching ratlos)

" Test of isospin relations

" Mixing aoH fo

Observables :
" Mass di stributions ofa 's and f
" Decay coupling constants

for various channels/targets (e.g . pd --> 3H a / 3He a° )

Production of neutral scalar mesons :
daö

S

s0 pin

	

ovlolatlng a H ft) 1111x111g



How to measure
pd(n) --~ d aö/fo p,p

Spectator tagging :

target

Pspectator
spectator setup

264

COSY
beam

Exclusive measurement of a00/fo decay :

COSY
beam

Both techniques will be used

d

pn-~dK+X
(analogous to
pp ---> d K+ X)

needs detectors for
negatively charged ejectiles
(installation in shninier 2001,
commissioning --> beam request 70.1)

pd -~ d K+K- X
pd

	

d n+n- X'.

M.Wisc:her, 4/01



Kate estlmates
Expected cross sections :

10-2

265

V.Grishina et al ., subm . to Physlett .B
nucl/th-0103081

10

	

T,ab - 2.473 [GeV]

	

1

Acceptances :
A(pn ~ d aö ---> d K+K-)

~0.3- A(pp--> daö--> dK+ X)

A(pn~dfö-> dn+ni)
~0.1 - A(pp---> daö---> dn+ X)

-~ in 3 weeks of beam time
as many events as
during the aö beam time

M .Hüschcr . 4/0 1
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300

200

100

0
0 25 50 75
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hllects ot isospin violation

a;;H f(, mixing disturbs angular distributions

800

600

400

200

0
100 125 150 175 0 25 50 75

c.m . emission angle, [degr.]

Assumptions :
R = 6(fo)/6(aö) = 2.4
Mixing intensity g12 = (8 ± 3)

100 125 150 175

(F.E .Close et al ., Phys.Lett.B 489 (2000) 24)



The reaction dd -~ 'He au,

dd -> 4He aö is forbidden, if isospin is conserved

isospin-breaking mechanism
0

" Observation of dd

	

4He n
0,
il

= indication of isospin violation !
" Needs photon detection

" hbearn
^' 3.7 GeV/c

" Possible advantage compared to dd

	

4He 7r°

0

267

z 'frltc~r-
,
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Beam-time request

Reactions to be measured:
pn ~ d a~fo ~ d K+K-
~dfo ~dn+ni

(. . .and many others!!)

Required beam time :
3 weeks

(A few 1000 events can be collected)

When?
Beginning of 2002

(Needs K%- detectors)

Thank you for your attention!

M.Büscher, 4/01



Hyperon production in pp ---> pK+Y
reactions at 2.65 GeV

P.Kravtchenko

High Energy Physics Department
Petersburg Nuclear Physics Institute

188350 Gatchina
Russia
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Hy eron producti,
pp--->pK+Y r action at 2.65

Polina Kravtchenko,PNPI
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® 2.65 GeV is above the threshold of
(D(1020),K+K - ,11(1405),E(1385)

The threshold of <P(1020) - 2.60Gev
- pp-->pp(',~--->K+K-

2.65 GeV is below the threshold of x(1520) production

2.65 GeV is at threshold of E(1480) 1 [JP?], T = 30 - 80MeV
KN/A7r = 0.7±0 .5 ; 117r/E7r = 0 .8±0 .5

- pp--->PPK+K_

- o'tot<O.1N,b, MKpn = mp -}- mK = 1435MeV



Trigger conditions

p in FD ;
K+ in telescope (TOF(Sa-SO)ti :L0.7ns, delayVe > 1 .5ns)

Ot(K+p) = to±1 .5ns

+. vert.angle = Ov±2.5deg

900

800

700

600

500

400

300

200

100

0

Experimental data
preselected data file Run3276-3369ka.Sd.noScal.FD.gz

1000 1100 1200 1300 1400 1500

sV mx-PPPXX

	

E (1480)



116)0(2+)

E° (1193)1(2+)

o.tot
( Utot) LagetSo

Lim ht hyperons (Partolcie Data)

pp ----> K+pn-7r°n(35%),

	

a'Läget = 29pb,
----> 7r-p(65%),

	

or'o' = 40 --L 10/ibexp

pp -~ K+pE°--->-y11--->7r°n(35%),
--+7r-p(65%),

= 5 .2

273

tot
( ortot)COSY11(E=60MeV) = 7 "53.5
so

+(1189)1(+)2

Phys. Let. B, v259, n1-2,p24(199 1)

tot
~Laget = 5.5jcb
Qexp = 10~5pb

Grtot
) = 4.0d-2 .5( o.totexpSo

no 7r+pK+ combinations

pp -3 K+nE+~7r°p(51%),

	

U Laget = 24.5pb
tot

-->7r+n(48%),

(

	

0-51 .6E0 ) K+p(fromdecay) - 4. `5 * 0 .65 - 3 5tcb

( r+

	

= 4.5o.tot) Läget
S0
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Missing mass spectra for light hyperons

pp-->K+p(M, = Y--->p7r-)

Simulation
Most of the simulations are done in the frame of standart statmodel-~

	

101TipEz1 tri e.s 1179
M2an 1 .155-------------- ---------- --- --------------

m.s.s . .n_g . . .Jrn .~.s . . . . ._ . . . ._ . .

	

---------- _ .

193)

Simulation program was developed wich the help from O.Grebenyuk,

V.Nelyubin and I.Zychor.



1000

800

600

400

200

Simulation for ppapKm �

Sum of 11(1116) and E(1193)

1 .05 1 .1 1 .15 1 .2 1 .25 1 .3 1 .35 1 .4 1 .45 1 .5

missing mass

	

GeV



Summary missing mass spectrum for light hyperons
This figure was calculated in the frame

of OPE+OKE+FSI model .

6000

5000

4000

3000

2000

1000

----------- ----------------------------

- -------- ., . . ._- . . . . . . . .

. . . . . . . . . . . . : . . . . . . .------ . . . . . . . . . . .

.

	

--------------- :---------- . .

	

.- . . . . . .

ID

	

22
Erstries .15935 -
Mean 1 .155. . . . .

	

---------- . .

	

. .. . . . . . . . . .-

	

. ----------- .

	

, . . . . . .1..R. ..... . . .. . . . . . .ö . :
.588 .

-------------- ---------------

1 .05 1 .1 1 .15 1 .2 1 .25 1 .3 1 .35 1 .4 1 .45 1 .5
GeV/c

What is in the experimental spectrum (page 2) above 1.25 GeV: the effect of
heavy hyperons or events from some Background processes???
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Background of additional 7r prodi ct on .

pp~K+NY7r,, Y = 11(1116)
M, Zn = 1255MeV
MMa~ = 1480MeV
< MA, >= 1327MeV
pp-}K+NY7r,, Y = E(1193)
Mnono

= 1330MeV
Mm ~ = 1480MeV
< Msn >= 1405MeV
pp---~,K+NY7r7r
< MY7r7r >= 1440MeV

07pp--->K+NY7r - 07K+NY * er

from K-p-->NA,
from 7rp->KA



1000

800

600

400

200

Summary missing mass spectrum pp--->K+pM,
for light hyperons including the Background

of one additional pion production .
Simulations
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1 .05 1 .1 1 .15 1 .2 1 .25 1 .3 1 .35 1 .4 1 .45 1 .5

missing mass

	

GeV

= 6.6±1 .0

	

QE+NUA»0rEo
Ors

The Background at Mx > 1 .3GeV cOmes from seven pp- > K+pY7r reactions
with o-sü(KNY7r)' 4 * a * OrKPA . A solution with a = 0 .15 (seems reasonable) will
fit the experimental data in this region .
As an alternative to this is the request of QKpy* ti0.3*OrKpy . This is hardly possible
because for my < my, < my* is expected that uyt > OrY7r > O-YY* Moreover,if
near threshold energy dependences of Y and Y* production are similar, than
Ory. < 0 .10-Yt is expected .
So, from this spectrum no reasonable conclusion can be done about Y* production
but good description of experimental data for M., < 1 .25GeV



A(z4o5)o(2- ), r = 50MeV

88%

s 88%

s 12%

y hyperons (Partolcle Data)

pp -+ K+pA*---->7r°E°->-yA--->7r°n(35%)
7r p(65%),

pp-} K+p11*--+7r_E+--->7r p(51%)
--+ 7r+n(48%),

pp ---> K+pA*--+7r+E -->7r-n

E° (1385)1(2+),P = 35MeV

pp ---> K+pE°*--->7r°11°--+7r-p(65%)
->7r°n(35%),

pp ---> K+pE°* ---- 7r°E°---->-yA,

E+(1385)1(2+), I 35MeV

-+7r-s+ -37r °p (51%)
-~7r+n(48%),

~7r+~--~7r-n

pp ----> K+nE+*-->7r+11°-->7r p(65%)
-+7r°n(35%),

pp --> K+nE+*->7r°s+-->7r°p(51%)

--->7r ° n(35%),



Experimental data

. pl in FD ;

. p2 in tel and SW-Sa;
MWPC1 and 2 are not used ;

. p2 momentum is not analyzed .
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Why MWPC1 and MWPC2 were not used to analyse p2 .
pp- > K+pl (Mx = p2 + x)

	

Tp = 2 .65GeV

B. Trigger is the same as A but
MWPC1 and MWPC2 were used

to analyse p2
Conclusion : only 45% of p2 from SW-Sa
providing Mx > 1.3GeV
are analysed by MWPC1 and MWPC2

C. Trigger is the same as an page 10
but p2 is in SW-Sa combinations and
in SW but via the exit D2 window
Conclusion :
total gain for analysed K+plp2 events
can be at least 4 times if to improve
MWPC1-MWPC2 geometry

1000 1100 1200 1300 liW 1500

.V=-ppp~

u

2a

15

01000 1100 1200 1300

.V_m.-ppp~
1000 1500

A. Trigger is the same as an page 10 w

but p2 is only in SW-Sa combinations 35

Conclusion : in comparison to page 10
Lonly 40% provide light hyperons 25
but pl is mostly from vertex .
2.more than 90% provide 15

Mx > 1.3GeV 10

5

0
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PP- > P1P2(Mx = K+ + x)

A. Trigger is the same as an page 10
but MWPC1 and MWPC2 are used
Mx > 850 is from :

light hyperons with additional pion
heavy hyperons
pp- > ppK+K_
pp- > ppo

B. Trigger is the same in A
but p2 is only in SW-Sa
Conclusion : 90% with Mx > 850
are from p2 in SW-Sa

C. Trigger is the same as in B
but p2 are only in SW(4-6)-Sa and

pl is in FD(4-8)
Conclusion:practically all the events

wich Mx > 0.97GeV survived

D. The Same as C but
850MeV < Mx < 1030MeV
Experimentally was confirmed a trivial
result : near threshold of the reaction
ejectiles with mpl = mp2 < Mx
will have < Ppl >-< Pp2 > -1GeV/c
which are the upper(lower) acceptances
limits of SW(FD), restricted by the
MWPCs frames

12

Tp = 2.65GeV
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K+pl (Mx = P2 +X) correlations
Simulation

-----------

	

-- - - - - - - - -

	

- - -

	

- - - - - -

	

-

	

- - - - - - - - - - - - - -

	

- - - - - - - - - - - - - -

	

- - - - - - - - - - - - - -

	

- - - - - -

- - - - - - - - - - -

	

- - - - - - - - - - - - - - - - - - - - - - - -

	

- - - - - - - - - - - - - -

	

- - - - - - - - - - - - - -

	

- - - - - - - -

z 875
Eh -r1es- . . . . . . . . . . . . . ; .489-9-
Mean 1 .249
RNIS

	

0 1302

. . . .. . . . .

	

--------------

	

. . . . . . . . . .- . . . . . . . . . . . . . . . . . . . . . . . . .

	

. . . . . . . . . . .

	

. . . . . . . . . .

	

. . . . . . . . .

1 .15 1 .2 1 .25 1 .3 1 .35 1 .4 1 .45 1 .5

missing mass

	

GeV

Only the reactions with light hyperon production with and without Background
single pion production. The oz was taken as a = 0.15

pp ---> K+p(A->7r-p)

	

pp -> K+p(E0--~'YA--~7r-p)

pp ---> K+p7r° (11-->7r-p)

	

pp--->K+p7r+7r(A--->7r-p)
pp ---> K+p7r°(E0--+'YA->7r-p)

	

pp~K+p7r+7r(E0~'YA--~7r-p)
pp --> K+pes (E+->7r0p)

	

pp--->K+p7r07r (E+--->7r0p)

Pion Background can explain experimental data at Mx > 1.3GeV . Improve-
ment can be after all three particles (K+,pl and p2) are analyzed??



no processes

K+p(Mx - + x) correlation
Experimental data

K+ in tel, p in FD,

7r+ in tel (MWPC 1 and2 were not used forpion selection)

pp ---> K+pA, pp --> K+pEo

should be seen :

	

pp

	

K+pA*--->Kp17r+7--n
pp K+pA*--+Kp17r+E-

pp K+pEo* -+Kp17r+7r- n

pp K+pEo* ->Kp17r+E_
pp K+nE+* -~Kp27r+ir- n

practically no background at Mx C 1 .300GeV - perfect!!!



K+p(Mx = z+ -I- x) CO i iio
r

14

12

10

Experimental data

sV mx_pppxx

1300 1320 1340 1360 1380 1400 1420 1440 1460 1480
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I,A*ti35 - 40MeV

Two peaks are obvious : at ri1400MeV and

at ril450MeV
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K+p(Mx =7r+ + x) correlation
Simulation
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missing mass

	

Gev

aY,+~aA~0.07

OA* = 55 ::L < 30%,

	

~=35+?

but simulated distribution is wider, I'A should be < 45MeV

pp->KNY7r7r is not yet considered (it should give a peak around 1440MeV (see
p.7))
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Conclusion:
l .

tot

~= 6.6 ± 1.0
This result is more or less reliable,since checked in the frame of two
models .

tot

	

0- tot

2 .

	

A

	

= 55 ± 18 and

	

tot KPA

	

= 35-?
UKpA(1405)

	

OrKpE (1385)

Only statmodel was use to get this result .Since Tp = 2.65GeV is close
to the thresholds of E(1385) and A(1405) production the Y*N final
state interaction must be important .

o Peak (??) at 1450MeV can be connected with pp->K+N7r7rY or
pp-3K+pE(1480) . The last reaction is of the top interest, because
propertis of E(1480) practically are not known.
Analysis of these assumptions is in progress .

o In oder to understand the nature of this peak one needs:

- Higher energy 2.70GeV or better 2.75GeV ;
- 10 times more statistics .

3 . To make more effective studies of heavy hyperon production and
pp- > ppK+K- processes in a Kpp coincidence experiment in is
desirable to improve MWPC's geometry,say,to change two sets of
MWPCs (FD and SD) to a single one .
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Status of the pellet target at ANKE

V.Chernyshev
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Participants of activity at IKP and responsibility :

A.Boukharov gas supply and diagnostic MPEL,
A.Balanutsa vacuum ITEP A

W.Borgs infrastructure IKP
M.Buescher physics program IKP
V.Chernetsky cryostat and cooling ITEP
V.Chernyshev project responsible ITEP"
M.Chumakov PC control and DAQ ITEP
A.Dmitriev pellet production theory MPEI
P.Fedorets data analysis ITEP
A.Gerasimov mechanics ITEP
V.Goryachev diagnostic and control ITEP
L.Gusev electronic ITEP
S.Podchasky cryostat and cooling ITEP
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D2

Figure 7 : Layout of the setup at the ANKE spectroineter

Table 2: Densities of the ITEP frozen-pellet target with hydrogen as target material, a
COSY-beam diameter of 2 mm, a beam intensity of n = 3 - 10' and under the assumption
that one pellet is in the beam

10

Diameter
of pellet

~(AM)

Mass

(g)

Total number of
atoms per pellet

Luminosity

(cm Z~
20 3-10- 2.8-10
40 2.3-10-9 1.4 10 -i.-2-- 1
60 8-1Ö':~- U10r~ 7.40O'3
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NN correlations : Pauli principle and FSI

I .Seluzhenkov

Moscow State Engineering Physics Institute

115409 Moscow

Russia

and

Institute of Theoretical and Experimental Physics

117259 Moscow

Russia



Low energy reactions with more than two identical nucleons in the exit
channel are discussed . A simplest examples of such reactions are pion double
and single charge exchange reactions an 'He. In all these reactions, from the
one hand, cross section should be strongly suppressed by the Pauli principle,
and from another hand, must be increased by the nucleon-nucleon final state
interaction .

In this report 1 will try to prove the following statement : suppression of
the cross section due to the Pauli exclusion principle becomes ineffective as
soon as the final state interaction between outgoing nucleons is taken into
account .



NN correlations :
Pauli Principle and FSI

Low energy reactions wich more than two
identical nucleons in the exit channel .

Examples

" 7r-3He~7r+nnn
" 7r+ 3He~7r° p PP

etc .

The main effects :

" Pauli exclusion principle
" NN final state interaction
(Migdal-Watson effect)

Main statement :
suppretzon due to the Paulz excluszon prznczple
gets zneffective by the NN FSI

Experiment
Cross section at T, = 70 MeV:

7r+ 3He->7r° ppp 2.7±0.6mb
7r+ 2H-~ 7r° pp

	

4.8 :h 1 .0 mb



Pion single charge exchange reaction

Naive estimate gives :

Szmplzfzed amplitude :

M ^~

	

Eijk (26i (A + Bq) U) (Ü3 C'Y5u7)
ijk

u, U - bespinors, C = 'Y2'Yo, A and B are constants .

Realzstzc amplitude :
has the same form with A and B smooth functions
of kinematic variables .

7r+-I-3He---> 7r°+ppp

du N (V, \ 2



In terms of two-component spinors :
M ^' Z

EZjk

	

l

	

l +
iU

	

[P
7

Pk]

	

U24

	

X

ijk

	

(E9
-I- m) (Ek + m)

X

	

cp2

	

A -I- qOB - iBu
[PZg]

Ei +m

Easy to see, that :

EZjk (~3 62V *) (~+0)i - 0
ijk

Thus :
du N (V,~2

At the incoming pion energy T, ~ 50 MeV,
(VNi ~ 1/10, and suppression of du by two
orders of magnitude .



NN final state interaction

in relative S-wave .

In this case

Eijk (~j~2~k)

	

fjk
ijk

The amplitude of the reaction

M N

	

Eijk(ui(A + Bq) U)(ujC'Y5Ük) ( 1 + R-1 . fjk)
ijk

fjk - NN-scattering amplitude of the pair of nucleons



NN-scattering amplitude at low energies
has a form

f112 ^ -a_1 + Z
IP12I

In the considered energy region

l
,112 ^ -

	

1

	

=

	

~

	

p
-

	

1
Pl (cos 9)

1P1 P21 11=12_

p = min{p1, P2}, P = max{p1, P2},

9 is the angle between p1 and P2,

11 = 12 = l orbital momentum of either nucleons in
the 'SO-pair relative to the "third" nucleon .



6(T,) , mb

10

10

10

-310

-4
10

0 20 40 60 80 100 120 140 160
T, , MeV

Cross section of the reaction -ff
+ 'He ---> 7r ° p p p

with (solid curve) and without (dotted curve)

NN final state interaction taken into account .

Exp. points : A. Lehmann et al . (LADS Collaboration)

Phys . Rev . C60, 024603 (1999) .



Analysis of experimental data an cv-meson
production

(September 2000 beam time)
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The analysis of experimental data an the
w-meson production taken in
September,2000 beam time .

The current status and proposal for the next beam time .
S .Barsov for the ANKE collaboration .

Reaction : p d -~ p p d w

Experiment :
o Beam - 2.77 GeV/c . Target - deuterium cluster target. The D2 - 7.4° .

0 psp in SP ( The telescope of three silicon detectors :
1 - 60pm(no strip), 2 - 300/,m(strip - lmm), 3 - 5mm(strip - 0.234mm)) .
Total energy ranges: (1&2) - 2.5MeV. . .6MeV ; (1&2&3) - 7MeV. . .30MeV ;
Resolution(u) - 0.2MeV; Energy calibration - 3%.
Angular range : 0 : -10° . . .+10° ; O: 80° . . .110° ;
DE): (1&2) - 4° . . .5°, (2&3) - 1° . . .3° .

d in FD ( The forward detector system: two planes of scintillators - FDH(8, 9),
Cherenkov's detectors: Ce(8upp, 81ow), 2 MWPC).
Momentum range: 0.9 GeV/c . . .2.77 GeV/c.
Resolution at 2 .76 GeV/c (up/p) - 2 .3% (with 3 wire + strip planes) .

(up/p) = 1.3% (with 4 wire planes) is available for a small part of the total statistics .
Angular range depends an momentum: 0O: 27r . . .40° ; O: 0° . . .10° ; AG : 0.2°
Energy loss calibration is done for 5 scintillators in each plane - FDH(5, 5)
Momentum dependent Ce efficiency calibration is done for 12 Cherenkov's
detector - Ce(6upp, 61ow)

o Main trigger : hardware coincidence FDH&SP(300pm) .

Statistics an tapes: 38.2 - 106 / 39 hours.

Selection for the analysis :
o SP : 2 .5 - 5 MeV, total angular range . 80% of available spectator protons .

FD : 1 .5 - 2 .3 GeV/c , FDH(5, 5), Geom.cut . 60% of the available FD acceptance
- mostly, because of geometrical cuts applied an Ce detectors in order to avoid an
edge inefhciency.

o Statistics after selection : 28175

314

Measurement for Background :
" Beam - 2.5 GeV/c . Target - deuterium cluster target . The D2 - 7.4° .

" Statistics an tapes : 11 .6 - 106 / 7 hours .

Statistics after selection : 8037
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Sept.2000 . 2.77GeV/ c . D-target .
SP : 2 .5 - 5 MeV, O > 95° .

FD : 2.5-3 .5 GeV/c, FDH(5, 5), Geom. cuts .
Quasi-free pn elastic scattering.

3 wire planes + strip plane

10.39
.5673
.7038

p 1 ._
'2500 2600 2700 2800 2900 3000 3100 3200 3300

FD momentum, MeV/c

	

FD momentum, MeV/c

0 L
500

4 wire planes
Entries 8675
Cons~M

	

947.4 i

	

14.94
Mean

	

2740. t

	

.6672
Signa

	

49.88 t

	

.5773

600 700 800 900 1000 1100 1200

Proton missing mass, MeV/c2	Protonmissing mass, MeV/c2

This is a test an the missing mass reconstruction procedure . The expected FWHM of
the w-meson peak in an experimental missing mass distribution is calculated to be of 30-35
MeV/c2 . It is mostly contributed by the uncertainty of Osp (18-20MeV/c2 ) and by the
uncertainty of PFD (22-23MeV/c2) . The significant improvement of the FD momentum
resolution is expected for the next beam time .
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Sept.2000 . 2.77GeV/c . D-target . Total statistics.
SP : 2 .5 - 5 MeV .

FD: 1 .5-2 .3 GeV/c, FDH(5, 5), Geom . cuts .
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Deuteron missing mass, MeV/2

Distributions for all selected events . Actually, almost all particles detected in FD
are protons from the pion production . The missing mass is reconstructed under the
assumption that all they have the deuteron mass . It is seen that under experimental
conditions protons misidentified as deuterons produce a peak near the position of the
w-meson mass .
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Sept.2000 . 2.77GeV/c . D-target . Total statistics .
SP : 2 .5 - 5 MeV.

FD : 1 .5-2 .3 GeV/c, FDH(5, 5), Geom . cuts, Ce(5, 5)

istFDH plane

	

2ndFDH plane

FD momentum, MeV/c

	

FDmomentum, MeV/c

FD momentum, MeV/c

	

FDmomentum, MeV/c

The selection of deuterons means the suppression of protons which, in average,
produce higher signal amplitudes in Cherenkov's detectors and have lower energy loss
in scintillators than deuterons of the same momentum . So, requirements to a particle
to be accepted as deuteron are the anticoincidence with the Cherenkov's detector signal
(antiCe) and the energy loss above some value ( dEcut ) . The efficiency of all Ce detectors
for protons are equalized with help of individual software thresholds . It is also momentum
independent due to an automatic shift of these thresholds using individual momentum
dependences of the efficiency measured for each detector .
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2.77GeV/c . SP:2.5-5MeV. FD:1.5-2.3GeV/c, dEcut(FDH2) = 2.1MeV/g/cm2.
Energy loss is projected along the deuteron band.
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The energy loss in the first FDH plane projected along the deuteron band. The
dEcut >_ 2 .1 MeV/g/cm2 is applied an energy loss spectra in the second FDH plane also
projected in the Same way . Spectra obtained in the coincidence with Ce detector's signals
(i.e ., for protons) are scaled to maxima of proton peaks .

The uneertainty of the subtraction increases with the decreasing of the Ce efiiciency
because of the tail of energy loss distribution . One can decrease the contribution of
this tail applying dEcut (double dEcut ) an both the FDH planes . Then the number
of deuterons and the contribution of protons above these Cuts can be calculated as it is
shown in the next page .



Sept.2000, 2.77GeV/c, D-target, Total statistics .
SP: 2.5-5MeV ; FD: 1.5-2.3GeV/c , FDH(5,5), Ce(5,5), Geom.cut, dEcut .

a) Number ofparticles detected by FD

	

c) Number of particles undetected by Ce and
scintilators within Ce geometrical Cuts .

	

accepted by dEcuts after subtraction of
proton fraction .

0.6 0.8 1

	

0.6 0.8 1
Ce efficiency for protons

	

Ce efliciency for protons

b) Fraction of particles detected by Ce
and accepted by deuteron dEcuts

N ce+ / N ce+

	

k dE
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d) The relative change ofthe number
of "deuterons" presented above .

1 .2
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0.8

0 .6
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0 .2

0
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0.6 0.8 1
Ce efficiency for protons

	

Ce efficiency for protons

** At the Ce efüciency 1 .0

	

Ce detectors are switched off.

lt is seen that the calculated number of deuterons is saturated with the decreasing of
the Ce efficiency as well as with the shift of dEcuts from the deuteron band towards the
proton band. (The dEcut2 was shown before in (Energy loss vs . momentum) dependences .
The dEcutl is shifted from the dEcutl towards the proton band in 150keV . The dEcut3
is shifted from dEcutl towards the deuteron band in the Same 150keV.)

The decrease of the number of deuterons with the dncreasing of Ce efficiency for protons
( i .e ., with decreasing of thresholds ) Shows that deuterons still produce the Ce signals with
low amplitudes . The Ce efflciency for deuterons was investigated with help of protons of
the LlGeV/c momentum to be, in average, of 25-30% . This corresponds to the observed
relative change
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Sept.2000. 2.77GeV/c. D-target . Total statistics .
SP : 2 .5 - 5 MeV.

FD : 1.5-2 .3 GeV/c, FDH(5, 5), Geom. cuts, Ce(5, 5), dEcut.
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b

Deuteron missing mass, MeV/c 2

Anticoincidence with
Ce 90%
and

Deuteron missing mass, MeV/c 2

Using the kdE coefficient one can scale an experimental proton distribution obtained
for particles which were detected by Ce detectors (i.e ., in coincidence with Ce signals)
and subtract it from the saure experimental distribution obtained for particle which were
not detected by Ce detectors (i.e ., in anticoincidence with Ce signals) . Of course, both
these distribution must be produced with the Same dEcut and the Ce efficiency . Such
missing mass distributions obtained for the same dEcuts which were just mentioned are
presented .



SP : 2.5 - 5 MeV.
FD : 1.5-2.3 GeV/c, FDH(5, 5), Geom. cuts, Ce(5, 5), dEcut .

90

80

Sept.2000 . 2 .77GeV/c . D-target . Total statistics .
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After subtraction of
proton distributions .

dEcutl., scaled.

dEcut3, scaled

850 900 950

Deuteron missing mass, MeV/c 2

The result of the subtraction is shown. Distributions obtained for different dEcuts are
scaled using the total number of deuterons calculated for each of them. Distribution for
dEcut2 is not scaled .
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Sept.2000 . 2 .77GeV/c . D-target . Total statistics .
SP : 2 .5 - 5 MeV.

FD : 1 .5-2 .3 GeV/c, FDH(5, 5), Geom . cuts, Ce(5, 5)
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Missing mass distributions for different Cherenkov's efficiencies . The double double
dEcut>_ 2 .1 MeV/g/Cm2 ( i .e.,for both the FDH1 and the FDH2 planes ) in energy loss
spectra projected along the deuteron band was used . In the case of the 97% Ce efficiency
part of Ce detectors have minimal possible thresholds.

Despite of different sets of statistics selected due to different dEcuts and Ce efficiencies
the shape of missing mass distributions remains the same within statistical errors . It
demonstrates a pronounced peak at the w-meson mass. The width of the peak corresponds
to the expected FWHM.



SP : 2 .5 - 5 MeV .
FD : 1 .5-2 .3 GeV/c, FDH(5, 5), Geom . cuts, Ce(5, 5), dEcut .

Sept.2000 . 2 .77GeV/c . D-target . Total statistics .
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FD momentum, MeV/c

However, the two-dimensional plot doesn't show a clear evidence for the band related
to the w-meson . This is obviously related to the Background of deuterons from the non-
resonant pion production as well as from the p-meson production .

y 850 After subtraction of
proton distribution .
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Sept.2000 . 2.5GeV/c. D-target . Total statistics .
SP : 2 .5 - 5 MeV .

FD : 1 .5-2 .3 GeV/c, FDH(5, 5), Geom . cuts, Ce(5, 5), dEcut .

14

12

10

After subtraction of
proton distribution.

Ce 90% and dEcut2

2.5 GeV/c beam momentum, D-target

163 events
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600 650 700 750 800

Deuteron missing mass, MeV/c 2

The data taken at the beam below the p-meson production threshold were treated in
the Same way as the data taken at the 2.77GeV/c beam momentum. Because of limited
SP and FD angular acceptances deuterons from the non-resonant pion production also
produce a peak in the end of the missing mass distribution though the width of the peak
is almost twice larger than the expected for W-meson .



Sept .2000 . 2.77GeV/c . D-target . Total statistics .
SP : 2.5 - 5 MeV.

FD : 1 .5-2 .3 GeV/c, FDH(5, 5), Geom. cuts, Ce(5, 5), dEcut.
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After subtraction of
proton distribution .

Ce 90% and dEcut2
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At the moment the subtraction of the deuteron background using the distribution
obtained at the 2 .5GeV/c beam momentum doesn't seem to be reliable because of the lack
of data an the non-resonant pion production . It is not possible to verify an extrapolation
to the 2.77GeV/c because the background is practically hidden under the probable w-
meson peak. The reason is that the angular acceptance of the SP determines the Q value
range within 40Mev. It is necessary either to shift the upper edge of the missing mass
distribution or to increase the angular range of SP in order to solve the problem of the
deuteron background subtraction .



The selection of deuterons from protons directly coming from the target is developed .
The procedure is based an the good calibration of Cherenkov's detector efficiencies as well
as an the good energy calibration and the good energy resolution of FDH scintillators .
The quality of calibrations is strongly dependent an the quality of the FD momentum
reconstruction .

The developed procedure of the deuteron selection allows to subtract a rest of proton
background from any experimental distribution using the scaling as described above . After
such a subtraction the shape of deuteron missing mass distribution doesn't depend an the
applied dEcut.

The deuteron missing mass distributions has a pronounced peak positioned at 785
MeV/c2 that is in a good agreement with the expected mW = 782 .6 MeV/c2 . The width
of peak is 30-35 MeV/c2 ( FWHM ) which corresponds to the expected one taking into
account the experimental uncertainties of missing mass reconstruction .
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Summary and the next beam time preparation .

The proposal for the next beam time based an the results is following :

o to repeat the measurement of the w-meson production at the 2.806 GeV/c beam
momentum shifting the edge of the deuteron missing mass spectrum up to 835
MeV/c2 . It seems, to be reasonable to keep the existing spectator detector in the
same position as before . Due to the better ( hopefully less than 1 .3% ) FD mo-
mentum resolution the FWHM of the w-meson peak is expected to be of 25MeV/c2 .
At this beam momentum the maximal outgoing polar angle of deuteron is not more
than 10° . At the 2 .77GeV/c beam momentum it was 8° . So, the deuteron accep-
tance is estimated to be about 20-30 % less than before . The decreasing of the
acceptance will be partially compensated by an increasing of the production cross
section .

to take data at the 2 .600 GeV/c beam momentum in order investigate the back-
ground distribution just below the w-meson production threshold . It is important
that the statistics of this measurement must be high enough.



Future spectator and vertex counters for
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For the ANKE beam time in August of 2001, during which the production of w-mesons
from pn collisions will be studied, a new, second generation, spectator detector will be
installed at ANKE. The new setup will have a telescope structure wich a 65 Mm first
detector layer, a 300 Mm second layer and a 5.5 mm thick third layer . In contrast to the
already existing setup [3], the first two detector layers will be double-sided, allowing the
measurement of the both the 0- and the 0-angle of the spectator . With this information
it will be possible to determine the track of the particles which will result in a higher
precision of the measurered spectator momentum and thus in an improved missing-mass
resolution .
The horizontally aligned strips of the second layer (measuring the 0-angle) will not be

used for measuring the energy of the particles . They will be equipped wich special amplify-
ing electronics, that will allow for time-of-flight (TOF) determination . In coincidence with
the TOF information from the forward detection system of ANKE, the proton-deuteron
separation can easily be improved . Although the energy information from these strips
will not be given, the position information will be available .
The TOF channels of the new setup will be read-out by standard TDC modules. For

all other strips the newly developed integrated chip read-out will be used [1] . In this Gase
special amplifier chips are located inside the vacuum close to the detector . Each chip has
32 input channels and a maximum of 10 chips can be connected to a chain, giving the
data as a serial stream of analog data . The analog data stream is sampled by standard
VME ADC modules [2] . The second and third detector layers of the new spectator setup
are also equipped with in-vacuum trigger chips which allow to get a trigger signal from
the setup itself.

In order to be able to correct common mode noise it will probably not be possible to
use the zero suppression function of the ADC modules . Since common mode is highly
depending an shielding and the environment, a final decision can only be made once the
setup is installed at ANKE. In case zero suppression cannot be used the amount of data
will be rather high resulting in a high dead time . The estimated event rate that can be
handled by the new read out system without zero suppression is between 200 events/s
and 300 events/s .
The new spectator setup will be installed together with the existing setup to increase

the acceptance . For final adjustments and in order not to disturb data taking it will be
set up as a separate read-out system in the beginning of the beamtime and will later be
integrated in the ANKE data acquisition .

References

[1] A . Mussgiller . Setup and test of a vacuum-compatible read-out system for silicon-
strip-detectors . Master's thesis, Fachhochschule München, 2000 .

[2] C.A .E.N. spa . Technical Information Manual - Mod. V 550 (2 Channel C-Rams), 1 .0
edition, 4 1998 .

[3] S.Barsov . Talk given during this ANKE meeting,



Spectator Detector 2001

" Improve deuteron identification by TOF
" Improve spectator angular resolution by
x,y detectors

" TOF FDlspectator Ins <_ FWHM ! ! !
" double sided silicon-strip detectors with
self-triggering front-end Chips

3 layer x,y detector telescope
" 65uml	AE-proton

	

> 2.5MeV
" 300um9,	E-proton

	

<_ 6 MeV
" SSOOum, E-proton

	

<_ 40 MeV



The new Spectator Setup

Ch -4~)- Krümmer
nach Ifflf&Il

1 . Layer
- 65 pm thickness
- 1 mm .pjtch
- 40 strips in Y dire tion
- 40 strips in Z direction
- 40mm x 40mm

2 . Layer
- 300 p.m thickness
- 1mm pitch in Y direction
- 0.2mm-pitch - in Z direction . .
- 60 strips in Y direction

for TOF rneasurement
- 250 strips .in Z direction

for energie measurement
- 60mm x 50mm

	

--

3 . Layer
- 5000 turn-thickness ,
- 235 j,m pitch
- 100 strips in Y direction
- 200 strips, . in Zdiregtion
- 23.5mm x 47mm

	

-
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19 .02 .01 Schleichert .
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The ANKE Silicon Vertex Detector

Vertex Reconstruction

" DE deuteron identification
Spectator Proton Tagging/Tracking

" DE/E particle identification,
2-40MeV Protons

" TOF particle identification,
FWHM < Ins

" Polarimeter (pp-elastic)
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At COSY, experimental investigations of hadron physics with hadronic probes are per-
formed in order to obtain precision information for meson and hyperon production, an
their interactions wich nucleons, about baryon excited states and nuclear structure . The
ultimate goal is to gain a fundamental, intellectually satisfying understanding of "strong
QCD", i.e . how QCD makes hadrons .

In order to strive for precision by improved luminosity, COSY is continuously improved
and expanded: the number for polarized protons in COSY has now reached a level of
more than 101° at a degree of polarization of more than 60%. An (as yet) unpolarized
deuteron beam is available with momenta up to 3 GeV/c and intensities of 5 x 10 1° . A
new injector (SC linac) will replace the current cyclotron to push the intensity to the
space charge limit also for polarized beams .
At ANKE, one of the internal experiments in the COSY ring, the following physics

programs are being/will be pursued :

l . Nuclear targets (V. Koptev, M . Hartmann et al.)
K+ production in p+A collisions were one of the initial motivations to build ANKE.
The first phase of the program (measurement of Cross sections and A-dependences
at both subthreshold and higher energies) has almost been completed - first results
have been published in Phys . Rev . Lett . The next phase (correlation studies)
will probably start in 2002 . In future it is planned to extend these studies to the
production of vector mesons (w, 0) in the nuclear environment . In preparing for
these measurements the negative particle detection system will be implemented into
ANKE .

2 . Deuteron breakup (V. Komarov, F . Rathmann et al.)
Also being an early proposal, the program has recently started with an unpolarized
measurement. The next step will be the use of a polarized proton beam incident an
an unpolarized cluster jet proton beam. In the near future, the ABS (plus a storage
cell) will be employed for double polarization experiments . This, however, requires
a serious COSY-beam development . Also a vertex detector is necessary which is in
the planning stage .

3 . Scalar mesons (M. Büscher et al.)
Being a relatively new program, a first experiment aiming to measure ppa d aö
has been conducted sucessfully. The hope is to detect the scalar meson in its two
decay channels (K+K- and 77 7r) . Next will be measurements of proton-deuteron
reactions .

4 . Neutron target (R. Schleichert et al .)
Since no free neutron targets are available the best way to study proton-neutron
interactions is by means of the spectator-proton tagging technique, using a deuteron
target . This program has recently started with a measurement of pd ---> psp d w,
and will be extended to other mesons as well .

5 . Photon detector (V. Hejny et al .)
The proposal to build a compact electromagnetic calorimeter with a large solid angle
at ANKE has recently been accepted . First detector modules have been ordered and
will be tested later this year .



6 . Deuteron beam
This new possibility at COSY will certainly be exploited in future ANKE proposals,
for example d + d-> 7r° + a.

In conclusion it can be stated that an exciting period for first class physics experiments
at COSY (and in particular at ANKE) lies ahead - everybody interested is invited to
attend !



Priorities for following measurements with open strangeness production

1 . Measurements with proton target, T~2.7 GeV (i.e . as high as possible)

Reactions to be investigated :
pp

	

d ao+ (--> K+KO)
pp $, a00/fp (---> K+K")
pK+ Y (Y=A(1405), E(1480)

Trigger an delayed K+ events
K" detection needed
Remaining 3 weeks of beam time from proposal #55 can be used
Beam request for PAC, Nov. 2001 ; beam time in spring 2002
Responsible for preparation of request : M .Büscher, M .Hartmann, V.Koptev

2 . Measurements with deuteron target, T-2.7 GeV (i .e . as high as possible)

Reactions to be investigated :
pn ~ d 0, a00/f0 (-~ K+K")

pd ~

	

3He/ 0, a00/f0 (--> K+K")
3H a0+ (-> K+KO)

Trigger an delayed K+ events
K" detection needed
3 weeks of beam time granted (proposal #97)
Beam request for PAC, spring 2002; beam time in fall 2002
Responsible for preparation of request : M.Büscher
First parasitic test in Aug. 2001 : p(2.0 GeV)d ---> K+ X

3. Measurements with heavier targets, T-2 .7 GeV

Reactions to be investigated :
pA -->

	

O X

	

(A= C, . . . , Au)

New proposal will be prepared by: M .Hartmann
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