Reconstruction of muon bundles with the new
coordinate-tracking setup based on drift
chambers
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At the Scientific and Educational Center NEVOD (MEPhI), a large coordinate-tracking detector based on drift chambers for investigations of muon bundles generated by ultrahigh energy primary cosmic rays is
being developed. One of the main characteristics of the bundle is muon multiplicity.Three methods of reconstruction of multiple events were investigated: the sequential search method, method of finding the
straight line and method of histograms. The last method determines the number of tracks with the same zenith angle in the event. It is most suitable for the determination of muon multiplicity; because of a large
distance to the point of generation of muons, their trajectories are quasiparallel. Results of application of the three reconstruction methods to data from the experiment, and also first results of the detector
operation are presented.

IHEP Drift Chamber
IHEP drift chamber was developed specially
for the neutrino experiment. The specific features
of such experiments (low event rate, moderate
requirements for spatial resolution) allow the use
of drift chambers with a large drift gap for
detection of particle tracks.
Overall size of the chamber is 4000х508х112
mm3. Sensitive area is 3.7х0.5 m2 that is 91% of
the chamber area. There are four sense wires
alternatively shifted by ± 0.75 mm parallel to the
drift direction in the middle of the chamber to
solve the right-left ambiguity. There are two guard
wires to remove the edge effect. The sense and
guard wires are surrounded by the cathode wires.
The field shaping wires are soldered on the
printed circuit together with a high voltage divider
which ensures a uniform potential distribution from
0 to 12 kV.

CTUDC

Coordinate-tracking unit based on
drift chambers (CTUDC) consists of
two vertical coordinate planes installed
at the different sides of the Cherenkov
water detector (CWD) in the short
galleries of the third floor of the
NEVOD building, one floor above the
DECOR supermodules. Such location
allows the registration of near
horizontal tracks as by CTUDC
(triggered by CWD) so by joint
operation with DECOR, that will
significantly increase the range of
muon track zenith angles from 85-95°
to 80-100°.
Each plane consists of 8 drift chambers installed in two rows, overlapped by 30 cm to exclude dead zones in the
chamber ends; it causes a 4° angle between the planes and CWD wall. Chambers are mounted on a special frame that
allows precise adjustment in all dimensions.

Principle of the drift chamber operation

Reconstruction and visualization software for
CTUDC

Methods of multiparticle reconstruction
The first method is the sequential search
method. This method enables to reconstruct each
combination of points using the least square
method (LSM) and choose the best reconstruction
with the minimal sum of the squared deviations. In
case by multiple events the first true
reconstruction has the minimal sum of the squared
deviations. Other true tracks being determined on
the increase deviations and exception of used
points.

The enumeration method

Ionization points

The method of finding the straight line enables
to draw line from first point of the first channel to
first point of the second channel and extrapolate
the line to other channels. If the ionization points
are within the allowed region for the line, then
reconstruction using LSM is carried out. It is
repeated for each combination of points from the
first and the second channels.
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Signal wires

The method of a straight section search

The method of histograms was developed for
a parallel track reconstruction. The corridor with
allowed region and variable angles are drawn from
each points of the first channel to other channels.
Then the tracks in the corridors are counted
dependence on its angle. The true reconstruction
has maximum number of tracks.

The histogram method

The software is developed to visualize
events
and
debug
the
methods
of
reconstruction. The main window contains a list
of all hits in the event, a conditional image of 16
drift chambers, the triggering of which in the
event is marked with color (red - triggered,
white – wasn t), image of reconstruction of
tracks in the selected chamber by one or more
methods,
parameters
of
reconstruction
methods and characteristics of reconstructed
tracks. When you select a chamber, a time
sequance of its response displays in the
separate window.
The image of reconstruction shows all
reconstructed tracks with all used methods
(different colors for each method), marks used
points (that is especially important because
each hit gives a points symmetrically to the left
and to the right from signal wires).
Also the software contains a window with
reconstruction in a whole CTUDC by the
chosen method and time sequence from all
chambers. Colors denote tracks belonging to a
different planes. This mode is useful in
comparison with DECOR response (see the
picture below).

Application of reconstruction methods to simulation and
experimental data
The numerical simulation of parallel muon bundles registration with
different multiplicity was carried out to check correction of methods
performance. Coordinates of ionization points were disordered with little
shifts that have Gaussian distribution with expected value 0 and
dispersion corresponding to the coordinate resolution of the wire.
Because the method of finding Of the straight line and the method of
histograms have the allowed region parameter, the simulations with
these methods were carried out with different parameters. The method
of histograms showed best results.

The sequential
search method

The method of
finding the straight
line

The method of
histograms
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Reconstruction of simulated parallel tracks for different widths of
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Reconstruction by the sequential search method is
good for events with small multiplicity, analyze of drift
chambers characteristics and calibration of other methods.
The second and the third methods are used for high
multiplicity event reconstruction. Investigated muon
bundles are quasiparallel so the method of histograms is
preferred. It is possible not only to find the maximum
number of tracks, but also to partially weed out tracks of
secondary particles.
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The right figure shows the reconstruction
of the muon bundle tracks detected in the
CTUDC and DECOR in the same event. The
density of charged particles is estimated as 1
particles per m2 both in the CTUDC and
DECOR. The difference of the projection
zenith angle in detectors of the event is about
1º.
The bottom right figure shows the
distribution of the projected zenith angles of
the muon bundle tracks detected in the
CTUDC and DECOR in the same events.
The bottom left figure shows the
difference for the muon bundles projected
zenith angle estimated according to CTUDC
and DECOR reconstruction. The
distribution shows that for muon bundles
reconstruction in CTUDC is also correct.
Taking into account the scattering of the muon in 26 m of water and 1.2 m concrete, as well as
errors in the reconstruction of the angle in DECOR supermodules and drift chambers, the 4.9°
FWHM can be considered as a successful proof of the efficiency of the coordinate-tracking detector
CTUDC.
Drift chambers show good performance at the high multiplicity events, but they have rather small
radiation thickness for electrons so it hard to distinguish them in the flux.
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