


1. INTRODUCTION

Heavy ion collisions at higher energies have been relatively less extensively explored. The
interaction studies at relativistic energies at the distant collisions and quasi-elastic processes
can be distinguished experimentally from more central collisions. More central high energy
collision are much more violent than at lower energies [1]. Peripheral collisions at relativistic
energies could provide snapshots of zero-point fluctuations induced in the ground state by
different collective modes [2,3].

In the relativistic energy region the participant-spectator model is useful for peripheral
collisions, and in the central collisions explosive events may appear. The heavy ion
interactions in this energy range may enable scientists to search for the novel phenomena.
There could be completely unknown phenomena taking place e.g. the production of
anomalons or quark-gluon plasma [4-7]. So special models and mathematical techniques are
needed to describe these reaction mechanisms.

A low energy ionizing particle passing through the SSNTD produces a large hole as compared
to that at comparatively high energy. That is, the diameter of the damaged region can be
correlated to the energy loss of the particle. The diametric distribution of the etched pits has
been used to determine the energy distribution of the o-particles, recoil nuclei, fission
fragments and reaction products of different energies and at different angles using different
SSNTDs [8-10]. During the last two decades the hardware and software have been developed
for microprocessor based systems for automatic scanning of SSNTDs. The use of
microprocessor based image analysis system enables the applications of nuclear track
detectors in experiments collecting large quantity of data, which were previously impossible
[11-12].
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Brandt & co-workers [13-16] studied the emission of projectile fragments emitted at relatively
wide angles to the incident relativistic heavy ion beam. In their experiments a beam of 44 GeV
12C was incident on a thick Cu target. Cu rings of different diameters were placed at different
distances from the target. Using the radiochemical activation analysis technique they observed
a very high partial cross section of *Na production (in Cu rings) by projectile fragments
emitted at wide angles to the incident beam. To complement the results of the interactions of
relativistic heavy ions incident on thick copper target they placed SSN'TDs at different angles
to study the projectile fragments [17-20]. In these experiments they studied relativistic
projectile fragments of 44 GeV ?C, 58 GeV *0O and 69 GeV "F ions incident on a thick Cu
target using CR-39 detector stacks placed at different angles, particularly at 20° to 30° with the
direction of initial beam. They also studied the projectile fragments of these relativistic ions
produced the interaction within CR-39 plastic track detectors stacks. The projectile fragments
found at angle in between 20° to 30° with respect to the beam direction were justified to be
relativistic fragments, resulting in the interaction of relativistic heavy ions with the Cu target
[16, 20-22]. They also observed the ,through-tracks* in the detectors of the stack placed for
the recording of projectile fragments and observed the decrease in the distribution of
»through-tracks“ from 20° to 30° with respect to the beam axis [23]. Their method of track
analysis was based on the track diameter measurements and most of the work was carried out
with computerized automatic scanning systems.

In this paper relativistic fragments of the interaction of relativistic oxygen ions with thick
copper target emitted at wide angle have been studied. Using the SSNT detection technique it
has been concluded that heavy projectile fragments do scatter at wide angles with respect to
the incident direction of.incoming beam [18, 20]. The emission of ,relativistic heavy
fragments™ at wide angles in the nuclear interactions in relativistic energy range is no longer a
controversial subject. In this paper the ,,through-tracks® in various sheets of CR-39 have been
observed using an automatic track analizing system (Zeiss, Oberkochen, Germany). With the
help of spatial distribution of tracks with end points at different depths of detecktors stack, the
emission of relativistic oxygen, nitrogen and carbon at angles 20° to 30° w.r.t. incident
direction of 58 GeV 'O ions beam interacting with copper target was studied.

2. EXPERIMENTAL METHOD

Schematic representation of this experimental set up is shown in fig. 1. Four stacks of CR-39
detectors (,,Homolite* Corporation, Wilmington, USA) have been used in this experiment. All
the stacks were identical i.e. having (4 x 4) cm? cross sectional area and 10 cm length. A Cu
disk, 1 cm thick and 2 cm in diameter, was exposed perpendicularly to a beam of O ions
with fluence of 1.5x 10° # cm® and energy 58 GeV from SYNCHROPHASOTRON at the
JINR, Dubna (Russia). In the present work two stacks, stack C and stack F (as shown in fig 1)
have been analysed. There were 122 detectors (thickness of each detector ~ 0.82 mm) in each
stack. At a distance of 11 cm under an angle of 25° with respect to beam direction we placed a
10 cm long CR-39 stack (F in Fig.19), in order to register the nuclear fragments emitted into
the forward hemisphere. Another stack of CR-39 having the same dimensions, separated from
the Cu-disk by 2 cm and parallel to the beam direction was exposed to the beam halo as
shown in Fig.1. Since it is exposed to the projectile beam, it can be used to study the normal
behavior of *O beam ion thereby providing a calibration of our detector stack. ‘

After exposure the detectors of calibration stack (i.e. stack C in fig.1) were numbered
as C1,C2,C3, ..... 120, C121 and C122 while the detectors of forward stack (i.e. stack F) as
F1, F2, F3, ...... F120, F121 and F122. A few detectors from both the stacks were etched in 6
normal solution of sodium hydroxide (NaOH) at (70 + 1)°C for different lengths of time
followed by ultrasonic cleaning and drying diameter before carrying out the microscopic
analysis. The observation of the track densities, diametric distributions, ,,through-tracks™ etc.
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were made for each etching interval. Some of these results have been previously published
[20, 23] and some further results are being reported here.

Using an automatic system of recording etch-pit coordinates, a set of detectors mostly
located uniformly along the entire length of the forward stack were scanned. The frequency of
.through-tracks* was measured as a function of depth in the stack. Earlier results were

reported in Ref. [20].
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Fig.1: Schematic representation of the exposure geometry. The centrally located Cu target is
perpendicularly irradiated with the beam of 58 GeV O ions having a fluence 1.5 » 10° #/ cm?
at the SYNCHROPHASOTRON, JINR, Dubna, Russia. There are 122 detectors in each stack.
Thickness of each detectors is ~ 0.82 mm.
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3.RESULTS AND DISCUSSION

The track density in some selected detectors of stack F was measured and is plotted as
a function of depth in the stack as shown in Fig. 2. There is about 3-fold reduction in a track
density within the first 5 mm of this stack (stack F) as shown in fig.2. This sudden decrease is
obviously because of the presence of significant numbers of low energy particles which are
quickly stopped in this stack (stack F). The tracks found in the detectors of the stack F after 5
mm are due to the energetic nuclear fragments having charge (Z < 8), emitted at an angle of
25° with respect to the incident beam, as result of interactions of 58 GeV 'O ions with Cu

target. [20]
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Fig.2 The variation of track density as a function of depth into the stack F.
From the chosen detectors, detector # 6 (F6), #24 (F24), #54 (F54) and #121 (F121)

were etched under identical conditions for 20 hours. The diameter distributions measured
manually are shown in Fig. 2 of Ref. [23]. The presence of distinct peaks at lower than (40 -



44) pm, indicate that the ions of charge lower than that of O arrive at the stack which is
placed at an angle of 25° with the beam direction. With the present statistics, it is not possible
to isolate separate groups to be identified with individual charge states Z < 8. In the absence of
a clear undestanding of the reaction process involved, it is difficult to estimate energies of
these fragments as well. The only significant conclusion that can be drown from these limited
observations was that the projectile fragments do scatter to angles which are considered large
for incident beam of 58 GeV '*O ions:.

3.1 "Through-Tracks"

The track etch velocity depends on the ionisation power (directly proportional
to the Z/B of the incident ion) of the ion producing the damage trail in the dielectric
track detector. Futhermore, as the velocity of ionizing particle is increased, its power to
ionize the atoms or molecules of the detector material is decreased. Therefore, a solid
state nuclear track detector needs a long etching time for the relevation of a through
hole track to see the path of the ion producing the etchable damage trail. The etching
of the detector for a long time changes the shape of the track on the detector, so the
parameters of the tracks like diameters, cone angles etc. can not be determined
accurately. Therefore, a short etching time is feasible for the accurate estimation of the
properties like masses, charge etc. of the particles producing the tracks in the detector.
At short etching time the impact of a high energy charged particle on an SSNTD can
only be revealed on the front and back surface of the detector. In such circumstances a
particle is said to have passed through the detector if some parameters, like diameter
cone angle etc. of the track are comparable on the entering and exiting surfaces of the
detector. In present studies the detectors stack F (as shiown in Fig. 1) has been placed at
25° with the initial direction of the projectile beam in order to observe the wide angle
emission of nuclear fragments produced in the reaction '*O + Cu. The average
thickness of a detector in stack F was ~ 0.82 mm. As the stack F is not normally
incident for every fragment ensuing from the target as a result of '“O ion interactions
with copper, therefore observing through an optical microscope (normal to the plane of
the detector) the tracks formed by the particle on front side of the detector can not be
found exactly at the same position as on back side of the same detector. It has been
calculated that a fragment which passes through the detector can exit within a circular
range of (0-174) um with respect to the normal to the entering position on the detector.
In the present work the tracks found on the back side of a detector with diameters same
as on the front side within the above mentioned circular range are correlated and are
named as "through-holes”. The wide angle emission of projectile fragments in
relativistic heavy ions collisions is supported by the presence of so-called "through-
tracks" in the forward stack F. A "through” track is defined as an etch-pit which has
correlated co-ordinates with respect to all preceding detector foils. Thus it represents
the distance penetrated by a nuclear fragment in the forward stack. Using an automatic
system of recording etch-pit coordinates, a set of detectors mostly located uniformly
along the entire length of the forward stack have been scanned. The frequency of
“through-tracks" has been measured as function of depth into the stack F which has
been shown in fig.3. The rapid decrease of number of "through-tracks" within the first
few detectors of the stack can be neglected because these are due to the particles which
are certainly non-relativistic. However a rather smooth decrease of the number of
"through-tracks" between the depth of the stack from 30 mm to 50 mm is expected for
relativistic particles slowly absorbed within the stack F. The change of the slope of the
number of "through-tracks" at the detector number about 80 is interesting. Presently,
we can give no interpretation for this phenomenon.
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Fig.3 The decrease of "through-tracks" starting in the first detector and ending in a
given detector of stack F.

3.2. Spatial Distribution of ""Through-tracks™

The detector for which the "through-tracks” were measured as shown in Fig.3
have been analysed again for further confirmation. A computer controlled automatic
scanning system (Zeiss, Oberkochen, Germany) has been employed to "trace" the
etched damaged trails in the respective detectors. The spatial distribution of tracks with
end points at various depth in the stack F have been recorded. To observe the spatial
distribution of "through-tracks”, (4 x 4) cm? arca of each detector, has been scanned.
The spatial distribution of "through-tracks" which disappeared at different depths in
the stack F have been shown in fig.4 (a,b,c,d). Fig 4(a) shows the spatial distribution of
tracks stopped within detector # F1 and F5. After calibration it has been concluded that
these "through-tracks" are due to light particles having charge < 6. From detector #F6
to F119 the spatial distribution of "through-tracks" has been obtained in three steps as
shown in fig. 4 (b,c,d). Three types of different track diameters have been observed
stopping at different depths into the stack F. Different symbols corresponds to different
groups of diameters associated with particles making "through-tracks" as shown in

- fig.4 (b,c,d). A preliminary calibration indicates that these track diameters corresponds

to relativistic particles having Z = 6, 7, 8 as shown in fig.4 (b,c,d). According to the
classification open circles correspond to oxygen ions, filled circles correspond to
carbon ions and filled squares correspond to nitrogen ions.

In Fig 5 area distribution of "through-tracks" dissappearing within 60mm of the
stack F have been shown. Three types of "through-tracks" have been observed. They
are not centered at edges, but they are well distributed over the area, just as one can
expect it for tracks starting at the Cu target (as shown in the exposure geometry, Fig.1).
A decrease of "through-tracks” corresponding to open circles and filled circles, open
squares going from 20° to 30° with respect to the incoming beam axis has been
observed.



B St L e Saans pre————p————— ot
p sol
s § @ . (©
Ll o a, b ‘4 4 0L a ]
A A
A .
ﬁso— LY E o | " E
) A A . "y
4 a s . |
sor 4 4 . A b HW' « o -
Y 4 4 Y
4 Iy 1 . o e i
40} s ) 40 . : .
A ﬂ o L[] -2 1
E 30% . B
3}
‘4 A 4o s 0 . .
b -] ]
204 .“ A 44 o] 20} ¢ .
1 ]
ry A A A A R o}k ]
o} N \
s N N I M|
1 i L 1 1 2 L
906 20 30 40 0 € 70 80 ©C 10 20 30 40 %0 & 70 80
= X =D — X e===b

F}g.4(a) Spatial distribution of "through-
tracks" stopped within detector #F1 and FS5.
These tracks are due to light particle having
Z<6. The coordinates of the axis are arbitary.

Fig 4(c) Fig.4(a) Spatial distribution of "through-
tracks" disappeard between detector #F71 and
F106. Qpen circles correspond to oxigen ions,
filled circles correspond to carbon ions and filled
squares correspond to nitrogen ions. The
coordinates of the axis are arbitary.
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Fig.4(b) Spatial distribution of "through-

tracks” disappeard between detector #F6 e_md
#F70. Open circles correspond to oxigen ions,
filled circles correspond to carbon ions and filled
squares correspond to nitrogen ions. The
coordinates of the axis are arbitary.

Fig.4(d) Spatial distribution of "through-

tracks” disappeard between detector #F1 0’{ and
#F119. Open circles correspond to oxigen ions,
filled circles correspond to carbon ions and filled
squares correspond to nitrogen ions. The
coordinates of the axis are arbitary.
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Fig.5. The area distribution of the "through-tracks" (as shown in fig.2) stopped within
approximately 60 mm depth into the stack F. The area is of a size of (4 x 4) cm?. The
track density decreases with increasing angle, given the angle with respect to the
insident beam axis. The filled circles correspond to oxigen ions, open circles
correspond to carbon ions and open squares correspond to nitrogen ions. The botton of
this figure corresponds to 20°, the top to 30° with respect to the beam direction.

4. CONCLUSIONS

The density of the tracks at different depths into the stack F has been measured.
A sudden decrease in the track density within first 5 mm of stack F has been observed. .
This decrease is due to the reaction products having low energy and they are quickly
stopping within first few detectors of the stack F. There is no effect of these low
energy particles beyond the depth of 5 mm because the track density is approximately
uniform in the range of 5 mm to 10 mm as shown in fig.2. The tracks found in the
region beyond 5 mm depth into the stack F are due to relativistic nuclear fragments
having Z<8. .

The diametric distribution of "through-tracks" can help to estimate the charges-
of the nuclear species producing these tracks. After calibration it has been concluded
that the "through-tracks" disappearing within a depth of 6 mm into the stack F are due
to the particles having charge numbers less than 6. ‘ .

Three types of "through-tracks" with different diameters have been observed
which are due to the particles stopped beyond the depth of 6 mm. After calibration it
has been confirmed that these diameters of "through-tracks" are produced by the
relativistic C, N and O particles.

The area distribution of the "through-tracks" which stopped within a depth of
60 mm in the stack F shows, that these tracks are well distributed over the detector
area just as it is expected from the exposure geometry. A decrease of "through-tracks”
has also been observed going from 20° to 30% with respect to incident beam of (58
GeV) 0 ions.
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Relatlvrsttc pro;ecttlc fragmentatton has been’ studied with the help of hybnd experlments usmg,
radtochemtcal and track’ detcctxon methods The heavy: fragments produced in the m(eractlon of 58 GeV
160y with thtck copper target have been studied usmg thlck stacks ofCR 39 nuclear track tfetectors placed )
at 25 ° with respect to the direction of incoming beam “A computer controlled automatic scanning system
was employed to «trace» the etched damaged trails’in rcspectwc detectors of the CR-39 \tac)( The heavy
_réaction’ products® producmg «through -tracks» - in. various sheets ‘of CR-39° detectors were observed.
The spatial distribution of tracks wrth end pomts at various depths have been rccorded After cahbratton
it has .been: concluded  that thesc «through “tracks» are_due‘to rclattvr<t|c O N and C. The fragments
Care emmed from the mteractton of 58 GeV' l"O ions with thlck copper target The differential angular
‘cross section- was found to decreasc with increasing angle wrth respect to the mcldent beam dlrectlon

and w1th mcreasmg charge of the reactton products .
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