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Abstract—Nuclear emulsion was exposed to xenon nuclei accelerated at the JINR Nuclotron. Visual and
automated scanning of the extracted beam profile was performed using the exposed emulsion film.
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In March 2010 during the run of the Nuclotron,
124X e4* jons produced by the KRION source were
accelerated to about 1 GeV/nucleon; this corresponds
to a magnetic field strength in the accelerator ring of
7.9 kG. Accelerated nuclei were extracted from the
Nuclotron through a flange foil; this made it possible
to extract totally stripped Xe>3* ions. For the acceler-
ated beam diagnostics, MR nuclear emulsion films
with a thickness of 20 um (produced by the Scientific
Research Cinema and Photo Institute (NIKFI))
placed perpendicular to the beam direction and
“thick” layers of nuclear emulsion with a thickness of
about 450 pum placed along the beam were irradiated at
the focus F3 of the extracted beam channel. The main
objective of this methodical study was to demonstrate
the fact of the successful acceleration of **Xe nuclei.
It turned out to be possible to estimate some aspects of
digital processing presented below using the exposure
by nuclei with a high ionizing power. Macrophotos of
Xe nuclei passage and interaction in the emulsion
obtained using a NIKON D70 camera and a MBI-9
microscope can be found at the Becquerel site of col-
laboration [1].

“Crests” of tracks of strongly ionizing particles
with a layer-penetration depth of about 4 cm can be
clearly seen on the surface of the longitudinally irradi-
ated emulsion layers. Several interaction events with
high multiplicity were found upon microscopic scan-
ning. One of the examples is shown in Fig. 1. Several
tracks could be seen within one emulsion layer before
stopping. A photo of such a nucleus stopping is shown
in Fig. 2. The average track length for this track type
Wwas A, = (38 £ 15) mm. The range of '**Xe*** with an
initial energy of 1 GeV/nucleon calculated using the
SRIM program with account for the substance before
the emulsion, 100 pm of iron and 15 mm of the scin-
tillator, is in agreement with the small experimental

value of Ay,

The trace of the flux of Xe>** nuclei on the developed
emulsion film represents a weakly visible darkened spot
with a diameter not exceeding 1 cm. Figure 3 shows a
macrophoto made with a 20-fold enlargement in the
region of the highest intensity; cross sections of parti-
cle tracks with high ionization can be clearly seen in
this photo. A segment of this region is shown in Fig. 4
with a 90-fold enlargement. This figure also shows a
40% transparent photo of a human hair with a thick-

Fig. 1. Macrophoto (60-fold enlargement) of the interaction of the Xe nucleus in emulsion with the formation of a highly charged

fragment.
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Fig. 3. Macrophoto (20-fold enlargement) of emulsion
film irradiated by a Xe nuclear beam in the region of the
maximum beam density.

Fig. 5. Macrophoto (90-fold enlargement) of a nuclear star
in emulsion film irradiated by a Xe nuclear beam.

ness of about 60 um for comparison. Figure 5 shows
the star of disintegration of the heavy target nucleus
into at least seven fragments; this proves the fact of
exposure by high energy nuclei. The transverse beam
profile was measured using the coordinate grid of the
ocular with a step of 0.36 mm by counting about
7000 tracks of Xe nuclei. A typical profile inhomoge-
neity is observed (Fig. 6).

The dark spot on the emulsion from the beam was
photographed by a digital camera (without a micro-
scope). The image was saved as a one-bit map; this
map provided the distribution of pixels above a certain
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Fig. 4. Macrophoto (90-fold enlargement) of an emulsion
film irradiated by a Xe nuclear beam in the region of the
maximum beam density; a photo of a human hair is super-
posed for comparison.
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Fig. 6. Xe nuclear beam profile with a step of 0.36 mm
obtained by visual track counting.

threshold. The calculated number of such pixels
resulted in approximately the same number of track
marks from Xe nuclei. The two-dimensional image
(Fig. 7) was constructed based on the obtained map;
this image reproduces the specific features of the pro-
file obtained by visual calculation (Fig. 6). Some dif-
ference is connected with the difference in the bound-
aries of the analyzed regions and the track selection
criteria in the photo processing.

For a detailed investigation of Xe nuclei tracks, the
emulsion film was scanned using the PAVICOM-2
microscope (Fig. 8), which is part of the PAVICOM
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Fig. 7. Xe nuclear beam profile with a step of 0.36 mm
obtained by photographing.

Fig. 8. PAVICOM-2 automated complex (Lebedev Physi-
cal Institute) created based on the MPE-11 microscope
with controllable table, video camera, and image capture
board; an image of a fragment of irradiated emulsion film
is shown on the screen.

automated complex (Lebedev Physical Institute) [2—6].
Programs of automatic processing for PAVICOM for
the recognition and estimation of the beam profile
were adapted for this methodical study. Note that the
PAVICOM complex was initially created for process-
ing events registered using nuclear photoemulsions
irradiated by a lead nuclear beam with an energy of
158 GeV/nucleon at the SPS accelerator (CERN) in
the framework of the EMU-15 experiment. The main
direction of investigation in this experiment is the
search for possible signals of quark—gluon plasma for-
mation at superhigh temperatures in superdense mat-
ter states. The universal character and potentially great
capabilities of the PAVICOM complex made it possi-
ble to use it for a much broader range of problems. In
particular, this complex is used to process data of the
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Fig. 9. Spot distribution with respect to the degree of dark-
ening in the region of accumulation of heavy nuclei.

Becquerel experiment. The setup is also used for
emulsion processing in the OPERA experiment [7]. At
present, PAVICOM is used to process data from prac-
tically all types of track detectors (photoemulsions,
X-ray films, mylar, plastic, and crystals). Actually,
PAVICOM operates in the regime of a center for the
collective use of equipment. Researchers from approx-
imately 10 Russian and several foreign institutes,
together with the PAVICOM service group, process
and analyze experimental data. The members of the
PAVICOM service group actively participate in the
creation of a specialized software, scanning, and
the physical analysis of results.

The film was scanned with 8-fold enlargement at
PAVICOM-2 and, after adaptation to this type of
emulsion of the standard software created at the Leb-
edev Physical Institute, processed in an automated
regime. It was discovered that the particle tracks can be
divided into two groups. One of these groups includes
rather dark (degree of darkening ~60 in terms of a pixel
scale in which 0 denotes black and 255 denotes white)
and large spots (~4 pm) belonging to a heavy nucleus;
the second group includes smaller (~2 um) and lighter
(degree of darkening ~100) spots belonging to a frag-
ment of a heavy nucleus. These features make it possi-
ble to reliably separate nuclei with respect to their
charge. The spot distribution over the degree of dark-
ening in three regions was obtained as an example: in
the region of accumulation of heavy nuclei (Fig. 9),
light fragments (Fig. 10), and in the intermediate
region (Fig. 11). The distribution peaks are approxi-
mated by the Gaussians.
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Fig. 10. Spot distribution with respect to the degree of
darkening in the region of accumulation of light fragments.

Thus, the study demonstrated that there is a suc-
cessful acceleration of xenon nuclei at the JINR
Nuclotron. In order to overcome the uncertainty in
the energy of the primary nuclei due to their decelera-
tion in the emulsion, it is necessary to essentially
increase the beam energy. A comparison of methods of
the emulsion-film study indicates the possibility of
obtaining detailed information on the profiles of low-
intensity beams of relativistic nuclei using an auto-
mated microscope. A two-component (with respect to
the nuclear charge) beam with the spatial splitting of
the main beam and the accompanying fragments is
observed; these fragments should have a close charge-
to-mass number ratio. This fact indicates the potential
possibility of using the main segment of the Nuclotron
extraction channel as the separator of secondary
nuclei. Currently, the whole irradiated emulsion
region is being scanned. The adaptation of the PAVI-
COM software will make it possible to use it in an
analysis of other transverse exposures of an emulsion
film by relativistic nuclei. The PAVICOM service
group developed an algorithm of automatic focusing
and tracking for long tracks in the case of the longitu-
dinal exposure of thick emulsions by nuclei, the detec-
tion of the interaction vertex, and the determination of
charges of relativistic particles by the geometric char-
acteristics of their tracks [8]. The use of the capabilities
of the PAVICOM complex opens up prospects for an
automated analysis of newly irradiated nuclear emul-
sions by heavy relativistic nuclei.
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Fig. 11. Spot distribution with respect to the degree of
darkening in the intermediate region.
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