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ABSTRACT

The EMU-15 experiment has been performed at CERN by the LPI group with the aim of

studying characteristics of high-density and high-temperature nuclear matter, in particular, for

searching for manifestation of quark-gluon plasma. The main problem inherent in these

investigations is a large amount of track measurements in nuclear emulsions. A very efficient

Completely Automated Measuring Complex (Russian abbreviation sounds as "PAVICOM") for

track-detector data processing in nuclear and high-energy particle physics is operating at the

Lebedev Physical Institute. The PAVICOM provides essential improving the efficiency of

experimental studies performed not only by the LPI group, but also by many Russian Institutes.
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INTRODUCTION

The investigations of secondary particle distribution were carried out in the framework of

EMU-15 experiment by means of event-by-event analysis. The aim of the EMU-15 experiment,

in which emulsion chambers were exposed to a beam of lead nuclei with an energy of 32
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TeV/nucleus, is studying the properties of very dense and hot nuclear matter [1]. The energy

density as high as about 6 nucleon energy densities or about 20 ordinary nuclear energy densities

is attained in central lead-lead collisions in this experiment.

EXPERIMENT

The EMU-15 experiment has been performed at CERN by the LPI group [2] for studying

characteristics of high-density and high-temperature nuclear matter, in particular, for searching

for manifestation of quark-gluon plasma by means of event-by-event analysis. The EMU-15

emulsion chambers were exposed to the CERN lead-ion beam with energy of 32 TeV per

nucleus. The emulsion chamber of the EMU-15 experiment consists of thin lead target with

thickness of 300 microns, and 38 nuclear emulsion layers with thickness of emulsion equal to 50

microns, which was deposited on a 25 micron mylar base. One of the nuclear emulsion layers

was mounted directly in front of the lead target, the others were located at the certain distances

back of the target for registration of secondary charged particles. The overall sizes of the

chamber are the following: the length is 260 mm and the diameter is 95 mm. The total thickness

of nuclear emulsion is about 0.07 cascade units, i.e., it is rather thin. This point is very important

for registration of central Pb-Pb collisions, which results in generation of many hundreds of

secondary particles.

During the irradiation by accelerated lead ions the chamber was placed into transverse

magnetic field with a strength of B=2 T, lead target and nuclear emulsion being oriented

normally to the beam of lead nuclei. The total nucleus flux through each chamber was about

10000 particles. About 150 interesting central Pb-Pb interactions registered in 14 EMU-15

chambers were chosen for treatment.

The main problem inherent in these investigations is a large amount of track measurements in

nuclear emulsions. Evaluating the scale of this work shows that it is necessary to measure about

ten millions coordinates of secondary particles in nuclear emulsion for processing 100 central

Pb-Pb interactions recorded in the emulsion chambers.

A very efficient Completely Automatic Measuring Complex (PAVICOM) for track-detector

data processing in the field of nuclear and high-energy particle physics is in operation at the

Lebedev Physical Institute (LPI) [3-4]. The PAVICOM provides the essential improving the

efficiency of experimental studies performed not only by the LPI group, but also by many

Russian Institutes for nuclear physics and cosmic-ray physics using emulsion trackers or/and

solid-state film trackers [5-10].
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In contrast to semi-automatic installations widely used until now, the PAVICOM is capable

of performing completely automated measurements of charged-particle tracks in nuclear

emulsions and tracks of high-energy nuclei in X-ray films and in solid-state detectors without

employing hard visual work. In this case, track images are recorded by CCD-cameras and then

are digitized and converted into files. As a result, experimental-data processing rate is

accelerated by approximately thousand times.

Completely automatic devices similar to PAVICOM came into operation in scientific centers

of Japan, Italy, CERN, and some other countries [11-16]. In Russia, the PAVICOM is the only

facility of such a type. This facility make possible to cover not only needs of LPI investigations,

but also needs of other Russian laboratories and Institutes. Thus, PAVICOM actually plays the

role of multipurpose user center.

PAVICOM TECHNICAL DESCRIPTION

The PAVICOM consists of two automatic microscopes (Fig. 1, Fig. 2). The first of them,

(PAVICOM-1) includes the precision-mechanics stage manufactured (in 1999) by the German

MICOS company and a Pentium II PC. The software includes, in part, the CERN-CHORUS

program library and VS-CTT digital system for computer-based image processing (with the

relevant hardware and software).

The precision-mechanics stage parameters are the following:

- the displacement lengths along the X-, Y-, and Z-axes are 800, 400 and 200 mm, respectively;

- the displacements along all the axes are governed by a controller in accordance to computer

commands with an accuracy of 0.5 micron;

-- the stage sizes are 2.5m x 1.2m x 2.4m;

- the total mass of the stage is about 1000 kg.

The MICOS stage is placed into a special clean room with a proper stable temperature and

humidity.

The VS-CTT digital system parameters are:

- 1024 levels of the amplitude-digital conversion for optical images;

- the 1360 x 1024 pixel frame size;

- the 4.65 x 4.65-micron size of an individual cell.

The PAVICOM-2 includes a precision-mechanics stage manufactured (in 1998) by Carl Zeiss

company; a LOMO microscope with magnification up to lOOOx; a PC based on the Pentium II
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one; a CCD-camera with the relevant hardware and software, which transmits a digitized image

to the computer.

The Carl Zeiss mechanical stage parameters are the following:

-- the displacement lengths along the X- and Y-axes are 100 and 100 mm, respectively;

--the displacements along all the 3 axes are governed by a controller according to computer

commands with an accuracy of 0.5 microns.

The CCD-camera parameters are:

--256 levels of the amplitude-digital conversion for optical imaging;

—767 x 580-pixel frame size;

—12.7 x 8.3-micron size of an individual cell.

INVESTIGATIONS PERFORMED USING PAVICOM

TREATMENT

Universality and high operation rate of the PAVICOM make it possible efficiently processing

data obtained in various experiments. Among them there are, for example, the following

experiments:

(a) investigation of multiparticle-generation features, in particular, search for manifestation of

quark-gluon plasma in central collisions of ultrarelativistic heavy nuclei (EMU-15 project

performed by the LPI at CERN [17-20]);

(b) studying the nuclear composition and the energy spectrum of primary high-energy cosmic

rays by direct methods (RUNJOB collaboration involving MSU, LPI, and 6 Japanese universities

[21-23]);

(c) studying neutron multiplication in extended blocks of heavy elements exposed to the proton

beam of the Dubna synchrophasotron ("Energy + Transmutation" experiment in JINR [7]);

(d) automated data scanning and processing in nuclear emulsions irradiated by ITEP group at

JINR beta-spectrometers [24-25];

(e) determining the nuclear composition of primary cosmic rays of solar and galactic origin by

means of solid-state track detectors exposed aboard the MIR and MKS Space Stations (the

PLATAN experiment of PTI, Saint Petersburg [26-27]).
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PROCESSING EXPERIMENTAL DATA OF EMU-15

EMU-15 experimental-data processing is performed at the PAVICOM-2. When treating the

experimental material at PAVICOM, duties of an operator are restricted only by the control,

technique check, by the substitution of nuclear-emulsion layers etc., track images of charged

particles are being registered by CCD camera in the course of measurement process and are

being converted into files.

The mathematical processing of digitized images placed into the computer memory is

produced using C"^ software package based on CHORUS experiment codes. It allows us to

search and recognize charged-particle tracks, to determine their spatial positions and interaction

point coordinates. Special software package forms control commands that navigate PAVICOM

stages in the course of measurements.

STEPS OF EXPERIMENTAL-DATA PROCESSING.

AUTOMATION PROBLEM AND SOFTWARE

Going through emulsion, a charged particle forms a track as a set of blobs with a size of about

1 mxron. Video filming with the magnification of 60x and step of 1 micron over depth is

executed in emulsion for the complete particle track reconstruction. 20 different depth layers are

scanned on the average for the processing of each interaction.

The size of each field of view is about 83*62 microns at the magnification of 60x. The

scanning of 25 fields of view is realized for the processing of each event beginning from its

center, by spiral clockwise, with the overlapping step of approximately 10 microns for

subsequent sewing fields of view. Fig. 3 represents the fixed depth image of the one central field

of view in the first emulsion layer after a target.

The further scheme of processing conditionally is the following:

1. Image sewing.

2. Clustering.

3. Searching for a vertex interaction projection.

4. Tracking.

On the first step of reconstructing the interaction image at a fixed depth in the emulsion is

executed by sewing of 25 frames. The precision of this sewing is provided by the accuracy of

stage positioning and is executed in accordance with the following algorithm. The first film
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frame is placed at the center. Then, the next frames are attached consecutively by spiral,

counterclockwise. Since scanning is performed with overlapping, it is possible to reconstruct the

initial layer image by coincidence of identical elements. Fig. 4 represents the reconstructed

interaction image obtained by sewing of 25 fields of view (size 1456 pixels x 1456 pixels) at the

fixed depth of emulsion.

Simultaneously to sewing, the frame is being processed by code that binarizes it, i.e., converts

the image from the grayscale format to the monochrome format for identification of all known-

shaped spots and of "candidates" for the cutting off background. Binarization is performed with

allowance of the fact, that the dynamic range of the pixel's brightness equals 256 bit, where 0

corresponds to the black color, and 255- to the white one. At the same time, threshold is to put

into operation (threshold value is variant; it can be changed in the configuration file). The

threshold value ranges from 0 to 255, and if brightness of any pixel exceeds the fixed threshold,

1 is appropriated, otherwise - 0. After such transformation, the typical image represents black

spots against the white-colored background (fig. 5). The result of this procedure is a sequence

consisting of 0 and 1.

Layer images obtained as a result of sewing and binarization are subjected to clusterization.

At this step all verging dark pixels are combained into clusters. Then, the selection of clusters by

the necessary amount of pixels is produced. Minimum and maximum amount of pixels, forming

a cluster, are assigned. Cluster's filtration is realized by square size.

Center-of-gravity coordinates (x, y) for each cluster are calculated as a simple average of

blob's coordinates. If blob had an extended shape, clustering algorithm puts two centers-of-

gravity. Situation is possible that center-of-gravity doesn't lie in the initial blob (e.g., if the blob

had the half moon shape).

The data-file including information about the center-of-gravity coordinates is the result of

processing clustering code.

The superposition of obtained images permits to visually find coordinates of projection of the

interaction vertex on the (XY) plane of a treated lead-lead interaction. Now the measuring of

these coordinates is realized in semiautomatic regime (Fig. 6). The obtained coordinates of the

interaction vertex projection (xo, yo) are used furthermore as a center for the tracking code (to

reconstruct tracks of secondary charged particles).

The goal of a tracking code is reconstructing particle tracks according to the center-of-gravity

of blobs, which is obtained as a result of clustering. This is executed in accordance with the

following scheme.

The first treated layer is the nearest to the target emulsion layer. Centers of gravity are

selected consecutively; hypothesis, if every center of gravity is on particle track, to be tested.
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For this purpose., a conic-shaped region in which the sought track may be located is chosen.

At the same time, we take into account that the track may pass within the distance equal to radius

of blob from center-of-gravity, and the interaction vertex is inside the target, it's projection

C (xo, >o) to be known in the emulsion plane. The position of the cone is explained in Fig. 7.

Thea the selection of cluster's gravity centers in the cone area, which are located in the next

layers, was made. At the next step, the track reconstruction is realized. It means the line drawing

contented the following conditions:

• the line should involve no less than N=5-7 gravity centers;

• the line should involve only one gravity center from each image layer.

The line parameters are found by x2method. The lines, which satisfy the condition

are thrown away. Flere, n is the number of gravity centers.

As a result, the line with the least rf/n is chosen. Then, a candidate to the secondary charged

particle track was considered. The gravity centers that form the track are excluded from the

further reconstruction.

After processing the first layer, this procedure is repeated for the second one, the third one,

etc. (Fig. 8).

Now, at the step of test event processing, this procedure is realized for two disks nearest to

the target in each camera. Then, sewing obtained tracks is performed for refining line's

parameters and eliminating background lines.

The processing of a single event for one emulsion disk in computer automatic mode requires

8 hours. In this case, 0,5 hour are spent for scanning 25 fields of vision for each event at the 20

level of depths on each disk and for converting the obtained images into files; 3 hours - for

sewing fields of vision; 2 hours - for clustering and 2.5 hours - for tracking. The total time of

processing one event for two disks is, approximately, 2 days.

CONCLUSION

The EMU-15 experiment has been performed at CERN by the LPI group for studying

characteristics of high-density, high-temperature nuclear matter, in particular, for searching for

manifestation of the quark-gluon plasma. The main problem inherent in these investigations is a
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large number of track measurements in nuclear emulsions. Such a work cannot be performed

without an automized device, i.e., without the PAVICOM. In 2003, the test processing of 20

central Pb-Pb collisions was made. This revealed certain difficulties of the measurement

procedure, e.g., a necessity of tuning different fields of view, of tracing each track in adjacent

nuclear-emulsion layers, and other problems.

In addition to using in the EMU-15 experiment, the universality of the PAVICOM and a

possibility of completely automatic experimental-data processing allows us to use it in many

investigations in which different track methods for taking data are used.

This work was supported in part by the Russian Foundation for Basic Research project N 03-

02-16134.
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Figure 2. PAVICOM-2.

Figure l.PAVICOM-1.



Figure 3. The central field of view;

size 384 pixels x 288 pixels.

Figure 4. The reconstructed layer; sewed 25 fields of

view; size 1456 pixels x 1456 pixels..
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Figure 5. The result of clustering code;

size 1456 pixels x 1456 pixels.

Figure 6. The vertex project;

size 1456 pixels x 1456 pixels.

- 3 0 3 -



*> /I

E y / D / F BO-'I-J

• / . /

--7-/--_~ fr

B

C (««».)

Figure 7. The cone.

C (xo, yo) - the vertex projection. AC - the normal to the target plane.

AB - the area, where the vertex may exist. AF, BE - rulings of the search cone.

cp - the cone angle. D - blobs, out of the search cone.

H - D - a blob center. g - blobs in the search cone.

DE = DF = r - radius of blob. 0... 19 - layers.

Figure 8. The result of tracking code;

size 1456 pixels x 1456 pixels
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