Charged particle flow measured with
detector in the ASY-EOS experiment

the KRATT.

Sebastian Kupny?’, Janusz Brzychczyk?, Jerzy Lukasik®,
Piotr Pawtowski® and the ASY-EOS Collaboration

aM. Smoluchowski Institute of Physics, Jagiellonian University, PI-30059 Krakow Poland

INTRODUCTION

°1FJ-PAN, PI-31342 Krakéw Poland
fsebastian.kupny@uj.edu.pl

ANALYSIS AND RESULTS

The KRATTA detector (Krakow Triple Telescope Array) [1] has been Background recognition Flow
used to measure the energy, emission angles and isotopic composition In the identification maps, the isotopic lines are ~ The data measured with the KRATTA array in
of light charged reaction products in the ASY-EOS experiment at GSI clearly visible, even though the background due  the ASY-EOS experiment was used to construct

laboratory [2].
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Fig. 1. KRATTA detector during the Fig. 2. Acceptanceforprotonsandangular
ASY-EOS experiment (May 2011) range used for comparisons with FOPI

This versatile, low threshold, broad energy range system consists
of 38 independent modules which can be arranged in an arbitrary
configuration - Fig.1 presents the used 7x5 array. A single module,
covering actively about 4.5 msr of the solid angle at the optimal distance
of 40 cm from the target, consists of three identical, 500 um thick, large
area photodiodes, used also for direct detection, and of two CsI(1500

ppm T1) crystals of 2.5 and 12.5 cm length, respectively.

The presented results are from the analysis of the experimental data

for Au+Au at 400 MeV/nucleon incident energy.

PULSE SHAPE PROCESSING

Signals from the KRATTA modules have been stored for the off-
line analysis using the 100 MHz V1724 CAEN digitizers. The pulse
shape analysis allowed to decompose the complex signals from the
middle photodiode (Single Chip Telescope [3] segment, SCT) into
the ionization and scintillation components (Fig. 3) and to obtain
a satisfactory isotopic resolution with a single readout channel.
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Fig .3. Registered pulse shape and its decomposition
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Fig. 4. Top: identification spectrum for the SCT
segment, Bottom: AE-E map for the thin vs thick
CsI(TI) crystals.
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The  isotopic  resolution
obtained wusing a single
readout channel was found to
compete very well with those
obtained using the standard
two channel readout (Fig. 4
top). The applied pulse shape
analysis permitted also the
identification of particles
stopped in the first photodiode
and the reduction of
the identification threshold,
due to the thickness of
the first photodiode, by
a factor of three. Thanks to
the pulse shape analysis, it
was also possible to obtain the
ballisticdeficit free amplitudes,
which allowed for easy energy
calibration and identification
based on the predictions of
the range-energy tables. For
further analysis the parameters
of the decomposed pulses were
used in order to speed up the
calculations.
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to the secondary reactions in the long CsI(Tl)  flow observables for light charged particles. The
crystals is substantial (Fig. 4). In order to identify =~ reaction plane orientation and the centrality of
the events contributing to the background, the collision were provided by the CHIMERA
a recognition procedure based on the self- and ALADIN TOF Wall detectors. The reaction
organizing neural network has been developed  planeresolution corrections have been calculated
[4]. This method groups together events with  according to [6].

similar pulse shape descriptors. It allows to  Figure 6 shows the azimuthal distributions of
identify up to 90% of the background events. The  protons measured with respect to the reaction

eficiency of this method is presented in Fig. 5. plane in three rapidity regions. Target and
_c projectile rapidity regions are dominated by the
[ Background reduced by 81.19% in-plane emissions, while the mid-rapidity range
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Fig. 6. Azimuthal distributions of protons measured in three
Energy calibration regions of the rapidity; b =(0-7.5 fm) for Au+Au collisions at
, 400 MeV/nucleon.

The energy calibration was performed using the
characteristic punch-through points, curvatures  Figure 7 presents the flow parameters v, and v,
of the AE-E lines, light-energy conversion  for LCPsasa function of the scaled center of mass
formula and the ATIMA range-energy tables.  rapidity measured for semi-central collisions
Probabilities of the secondary reactions for light  with the KRATTA detector (circles) and the FOPI
charged particles as a function of their range  detector [7] (stars) in a common angular range
in the CsI(Tl) crystals was estimated using the  (Fig.2). Theupperenergythresholds of KRATTA,
Monte Carlo simulations within the GEANT4  associated with the CsI(TI) crystal thickness,
environment. The data analysis was performed  limit the range of the available rapidities. The data
within the FairRoot framework. points are corrected for the secondary reaction
background. The agreement between these two
detectors and experiments is very satisfactory.
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Fig. 7. Flow of LCP measured with the KRATTA (circles) and FOPI (stars) detectors. Both measurements were performed in the
polar angle range 38.5- 56.5 deg and for the interval of reduced impact parameter range of 0.25-0.45.

CONCLUSIONS

The KRATTA array, together with the CHIMERA and TOF-wall detectors, has proven its usefulness in
flow measurements of light charged reaction products during the ASY-EOS experiment conducted at
GSI. The preliminary comparison with the FOPI results measured for the same reaction in a different
campaign shows a remarkable agreement and quality of the data. The results will be compared with
UrQMD predictions in order to extract the information contained therein regarding the symmetry
term in the nuclear equation of state.
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