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Abstract. For an improved detection of cosmic ray muons
with a threshold 0.4 GeV, the KASCADE Central Detec-

tor has been upgraded with a new detector component built
of limited streamer tubes. Combined with the operation of
two layers of multiwire proportional chambers they enable
studies of the muonic component of extensive air showers
at higher particle densities. Due to the pad readout system of
the streamer tubes, ambiguities in the muon track reconstruc-
tion, resulting from limitations of the readout system of the
multiwire proportional chambers, can be resolved. Addition- 20m

ally the sensitive area for muon detection is increased from ME” chambers Conerete
40% to 82% of the area of the Central Detector by the new ,

layer of streamer tubes, with a good spatial resolution in the

parts not covered by the multiwire proportional chambers.
The setup of the new detector system and the reconstruction = =
procedures are described and demonstrated by first measure- %ﬂ %ﬂ?;f

ments. -
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) Fig. 1. Schematic view of the KASCADE Central Detector.
1 Introduction

The KASCADE experiment (Klages et al., 1997) at the site that uses streamer tube detectors. In the middle of the detec-

of th_e Fo_r schungszentrum Karlsruhe aims at measuring exg, array the Central Detector is placed which includes sev-
tensive air showers (EAS) produced by the primary cosmic

. . \ e . ) eral components aiming at different observables of an EAS
ray particles interacting with air nuclei in the earth’s atmo-

. . Fig. 1). Its main component is an iron sampling calorimeter
sphere. It consists of 200 x 200 m? detector array built (Fig. 1) b Ping

f scintillati tor th f the ol (Engler et al., 1999), which consists of eight layers of liquid
of scintillation counters for the measurement of the e eCtro'ionis::xtion chambers for the detection of the hadronic com-

maéjgnetlc ar:jd muomtc siqwe;c?mtp onir:t. Italso ioTta'ngsogEonent of EAS. A ninth layer of the calorimeter detectors
underground muon tracking detector (Atanasov et al., as been added on top of the iron shielding to investigate the

Correspondence torf. Antoni (antoni@ik3.fzk.de) electromagnetic shower component with a nearly full cover-
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age of the Central Detector area. On top of the calorimeter
an array of 50 plastic scintillation detectors is installed. The
purpose of this Top Cluster is the measurement of the electrogy 3 gchematic view of a LST module with pad readout system.
magnetic component of EAS and to trigger the Central De-
tector for small shower sizes. In the third gap of the calorime-

?nsta”ed. Th|S Trigger Plane ConSiStS Of 456 deteCtOI‘S COVersecondary Charge ava'ancheS, induced by photons produced
Ing 64% of the area of the Central Detector. They are used toin these processes, from Sreading along the anode wire a

investigate the muonic shower component above a thresholgyenching gas is used, thus keeping the signals localized.
of 490 MeV and to generate an additional trigger signal for

the Central Detector. In the basement of the Central Detectop 1 Detector layout
two layers of multiwire proportional chambers (MWPC) are

installed (Bozdog et al., 2000). They are used for investigatin the streamer tubes employed hef&), has been used as
ing the muonic component of air showers above a thresholdounting gas since it has good characteristics for producing
of 2.4 GeV for the muons, which is given by the iron shield- signals and quenching and additionally can be used without
ing of the calorimeter. With these detectors the lateral dis-safety regulations. All LST used in the KASCADE experi-
tribution of muons (Haungs et al., 1996; Antoni et al., 2001) ment are manufactured by WATECH, Vienna, Austria. The
as well as muon density distributions (Haungs et al., 1999:dimensions of one streamer tube ar60 x 167 x 13 mmS3.
Antoni et al., in press) have been studied. The investigationghe layout of one LST can be seen in Fig. 2. It consists of
have been limited by the size of the detector system, as it covi6 anode wires of00 pm that are positioned in a comb-like
ers only aboutt0% of the area of the Central Detector, and cathode profile with a cell size  x 9 mm? made of con-
also by the ability to resolve multiple particle hits. Due to the ducting PVC. On the upper side this profile is closed with a
layout of the MWPC detectors which consist of two layers of sheet of conducting phenol paper. These components are lo-
cathode stripes diagonal to each other and the anode wiregated inside a gas tight plastic cover with a gas feed through
ambiguities occur above a particle density2ofa 2. Asa  on both ends and a signal outlet for each wire as well a high
result of these ambiguities only particle densities in a rangeyoltage supply on the front face. The cathode materials have
of up to4 m~? can be measured. To improve this situation a a high resistivity which allows an electrostatic induction sig-
third layer of detectors has been installed below the MWPC nal to be registered outside the streamer tube. This is done
increasing the detector area and the resolution of ambiguitiegith a pad readout system to get a spatial resolution of the
of the hit reconstruction. hits along the wires. The streamer tubes are installed in the

basement of the Central Detector in modules containing six

LST which are mechanically fastened together and are cov-
2 The streamer tubes ered by a joint pad layer. The layout of these installation

modules can be seen in Fig. 3. The pad layer consists of a
The new detector component for measuring muons in thestyrofoam sheet 030 mm thickness with copper foil glued
basement of the Central Detector is built of Limited Streamerto both sides. On the side facing the LST gaps are cut into the
Tubes (LST). These are gas detectors making use of the selfeil to produce the readout pads of a sizel62 x 82 mm?2.
quenching streamer mode (Doll et al., 1994) that is reached his amounts to 32 pads along one streamer tube and 192 on
when, due to the very high voltage between the anode anthe whole module. The wires are grouped in pairs to reduce
cathode, the charge multiplication becomes so large that théhe number of electronic channels while still having a good
electric field in the space charge equals the outer field. Thispatial resolution.
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Fig. 4. Investigation of the homogeneity of the signals. The count-
ing rate in the wire pairs of the six streamer tubes of the test module -
is shown here. The rate is homogeneous in each tube and there is a Tube Number
good agreement between the LST.
Fig. 5. Investigation of the crosstalk between the pads. The pad
selected by the scintillator telescope shows the highest counting
2.2 Readout electronics rate, but also the neighboring pads along the same tube show an
increased rate. This is due to cross talk, geometry effects and the
The readout electronics for the LST detectors was develsize of the charge cloud in the LST. Across the borders of the tubes
oped at the Institutifr Kernphysik of the Forschungszentrum there is almost no cross talk.
Karlsruhe in co-operation with the Institute of Physics and
Nuclear Engineering in Bucharest. It is a modified version of o _ ) _ _
the electronics of the KASCADE Muon Tracking Detector the final installation. This setup was equipped with a tele-
(zabierowski and Doll, 2001). The following basic condi- SCOP€ of scintillation detectors to trigger on particles pene-

tions had to be fulfiled. The whole detector system con-{rating the module through one selected pad. The electron-

sists of more than 22000 electronic channels which demand$S Used in this test facility was the prototype version of the
for a low price per channel. The signals of the LST are in electronics used later in the KASCADE system. Checks of

the range of a few mV with a duration of several tens of nS,its functioning showed the importance of a careful handling

therefore special care has been taken in order to avoid nois®f the electric ground to minimize the noise disturbing the
and crosstalk between channels. A complete spatial Sepa{peasurements. Two important results obtained with the test
ration between the analog and the digital parts of the eleciacility are shown in this paragraph. The homogeneity of the
tronics has been applied. The VME Streamer Tube Acquisi-Signals from the streamer tubes can can be seen in Fig. 4.
tion System (VME-STAS), that has been built, is a modular, The picture shows the free counting rate for each channel

VME controlled system. This VME-STAS consists of sev- (wire pair). The rates of the channels belonging to the same
eral modules. Two VME Streamer Tube Acquisition Mod- tube are very homogeneous. The values for the different LST

ules (VME-STAM) each of which provides eight indepen- also show a good agreement, which i.s achieved by adjusting
dent fast acquisition channels, which are fully controllable the thresholds. This result is also valid for the readout pads.
via VME bus. Each channel is receiving serial data (up toF19- 5 shows the result of a measurement triggered by the
2 Mbit /s sampling rate) coming from the acquisition boards scintillator telescope that has been done to quantify the cross

of seven or eight streamer tube modules and saves them if@lk between the pads. It can be seen that there is almost no
a 512 x 8 bit FIFO memory. An external START signal CroSs talk across the borders between different LST. In the di-
commences the data acquisition with the internally choser€ction of the wires the neighboring pads show an increased

clock frequency. A splitter board controls the communica- counting rate. This cross talk could be of electronic origin
tion between the VME-STAM and the Acquisition Boards but also could be due to the extended space charge that can

and collects the data from the acquisition chains. Thesdnduce signals in more than one pad, since its size is roughly
readout chains consist of the Acquisition Boards that con-WO thirds of the size of the pads, as a measurement with
tain mainly the digital readout electronics to control the Am- & finér segmentation showed. These effects are not distin-
plifier/Discriminator Boards connected. The signals from 9Uishable in this measurement. Summarizing, it can be said
either eight wires or eight pads are handled by one Amp”_that t_he streamer tubes and the readout electronics seem to be
fier/Discriminator Board. The delays and thresholds are adWorking very well.

justable via software controlled digittd_analog converters.

4 The streamer tubes in the KASCADE system

3 Test measurements

The LST have been installed in the basement of the KAS-
As a first step in the study of the streamer tubes a test faCADE Central Detecto?4 cm below the lower layer of the
cility was built in the basement of the Central Detector. It MWPC. The distance between the two layers of the MWPC
consisted of one streamer tube module like they are in use iiis 38 cm. The streamer tubes cover apprérk% of the area
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Fig. 6. Investigation of the agreement between the reconstruction
of tracks in the multiwire proportional chambers and the hits inthe 20 - - 20
streamer tubes. The pictures show the deviation in the x and y di- msm | ! 1. R m.
rections between the intersection of the MWCP tracks with the LST 0 20 3 40 50 60 70 8 90
layer and the hits reconstructed in the LST. LST Module No.

Fig. 7. Efficiency determination for the streamer tubes. The red
dots show the efficiency for the modules that are covered by muon
chambers to a large extend. The black line is the average over all
these modules. The blue and green areas denote the percentage to

of the Central Detector, which amountsl@5 x 15 m?. The  which each LST module is covered with MWPC detection area.

active area of the MWPC is only abot1%. As can be seen

in Fig. 1 the LST layer is composed of six rows of 15 in-

stallation modules each. These 90 modules amount to 17289 Outlook

pad channels and 4320 wire channels. After a period of stan . L

alone measurements to test the functioning of the LST detec%asecj on the present tests it seems possible in the future to

tors and electronics, joint measurements and analyses of thaenalyze muon dlstr_|but|ons _cl_oser to th_e shower core on an
MWPC and LST data have been started. As a first step th event by event basis. The joint analysis of the MWPC and
' ?_ST data has to be improved, in addition to the efficiency

data of MWPC have been used to test the reconstruction al-

gorithms for the LST data. The MWPC reconstruction offers cr:i;[(TSrle_i;rbg ?:P'g\ﬁ;zlg&g L;g?;rwgl:éégﬁlgﬁzdnry a
two kinds of low level results. The hits in each of the two 2-A19 9 Y-
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