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1. INTRODUCTION

Heavy ion ccllisions 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 coilisions 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 tc determine the energy distribution of the a-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].



Brandt & co-vaorkers {13-16] studied the emission of projectile fragments emitted at relatively
wide angles to the incident relativistic heavy ion heam. In their experiments a beam of 44 GeV
was incident on a thick u wrget. Cu T!I]éS of different diameters were placed at different
distances from the larget Using the o emical activation analysis technique they observed
i overy high partial cress section of \';1 production {10 Cu rings) by progectile fragments
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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 S8 GeV O ions having a fluence 1.5 « 10° #/ ¢y’
at the SYNCHROPHASOTRON. JINR, Dubna, Russia. There are 122 detectors in each stack.
Thickness of each detectors is ~ 0.82 mm.

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-foid 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 atter 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 jons with Cu
target. [20]
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Fig.2 The variation of track density as a funciion of depth into the stack F.
Frem 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 Ret. [23]. The presence of distinct peaks at lower than (40 -



+4) um. indicate that the ions of charge lower than that of *O arrive at the stack which is
placec at an angle of 257 with the beam direction. With the present statistics. it is not possible
1o 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 1o angles which are considered large
tor incident beam of 38 GeV "0 ions.

3.1 "Through-Tracks"

The track etch velocity depends on the lonisation power (directiy proportional
to the /B of the incident ion) of the ion producing the damage trail in the dielectric
track detector. Futhermaore, as the velocity of ionizing particle is increased, its power (o
tonize the atoms or molecules of the detector material is decreased. Thereiore, 4 solid
state nuclesr track detector needs a long etching time for the relevation of a through
hule track to sce 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 iike diameters. cone angles etc. can not be detcrmined
accurately. [herefore. a short etching time 1s feasible for the accuraie estimation of the
properties i:ke masses, charge ete. of the particles producing the tracks in the detector.
At short ctching time the impact of a high energy charged particle on an SSNTD can
only be revealed on the froat and back surface of the detector. In such circumstances a
particle 13 sald to have passed through the detector if some parameters, like diameter
cone angle ¢tc. of the track are comparable on the entering and exiting surfaces of the
detector. In present studies the detectors stack F (as shown in Fig. 1) has been placed at
257 with the imitial direction of the projectile beam in order io observe the wide angle
emission of nuclear fragments produced in the reaction O + ™Cu. The avcrage
thickness of a detector in stack F was - 0.82 mim. As the stack F is not normaily
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 planc 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 uniforraly
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 Distribation of "Through-tracks"

The detector for which the "throngh-trucks” were measured as shown in Fig.3
have been analysed agsin for further confirmation. A corputer conirolied automatic
scanning syster: {Zeiss, Oberkochen, Germany) has been employed to "irace” 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) sm? wea of eack detector, has been scanned.
The spatial distnbuiion of "through-tracks” which di zppeared at different depths in
the stack F have been shown in fig 4 fa,b,c.d). Fig 4(a) shiows the spatial distribution of
fracks stopoed within detoctor # Ft and F3. ARer caiibration it has been concluded that
these "through-tracks™ are dug (o lipht particlzs having charge < 6, From detector #F6
to F119 the spatial distribution of "through-tracks” has been obtzined i three Sigps as
showir in fig. 4 tb.c,d). Three types of ditfrrent track diameters have been chserved
stepping at different depths into the stack F. Different symbols corresponds to differant
groups of diameters associated with parncies making "through-tracks” as shown in
fig 4 (he,d). A preliminary calibration indicates that these track diameters corresponds
to relativistic particles having Z = 6, 7. 8 as shown in fig4 (b d}. According to the
classification open circles correspond to oxyzen iors, filled circles correspond to
carbon ions and filled squares correspond to nitrogen jons.

In Fig 5 area distribution of "threugh-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 arc 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 1o the incoming beam axis has been
observed.
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Fig.4(a) Spatial distribution of “thtough-
tracks” stopped within detector #F} and F5.
These tracks are due to light particle having
Z<6. The coordinates of the axis are arbitary.
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Fig 4(c) Fig.4(a) Spatial distribution of "through-
tracks” disappeard between detector #F7! and
F106. 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.4(b) Spatial distribution of “through-

tracks" disappeard between detector 4F6 and
4E70. Open circles correspond to oxigen ions,
filled circles correspond to carbon ions und filled
squares correspond to nitrogen ions. The
coordinates of the axis are arbitary.
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Fig.4(d) Spatial distribution of “through-

tracks” disappeard between detector #F 107 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.S the area distibution of the “through tra(‘ks (as shown in fig.2) st \pp,d withiy
apy ely 60 riirs depth into the stack ¥, The area is of a size of (x4 em” | The
track Lonsity decreases with increasing umglc given the angle with 'v»p\u w the
U eamn axis. The filled cireles correspond 1o oxigen ions, open ciicivs
ad o carbon 1ons dnd open squares correspond to nitrogen tons. The botlon oi
vre corresponds 1o 20% the top 10 30Y with respect to the beam direction.
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4. CONCLUSIONS

{he density of the tracks at difterent depths into the stack F has been measied

& swide o decrzase inthe track density within first 5 mm of stack F has boen obsered
rease 1s duc to the reaction products having low energy and they are quick!

SEOpPITE . W '& frst few detectors of the stack F. There is no effect of ihese
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[Hax3ax M H w ap. E1-97-195
IMUCCHS PCASTHBHCTCRUX THACIBIX hPArMeHTOB B IIHPOKOM YIIOBOM HHTCPBATIE

16

UPH BIAHMOACHCTBHH THOHOB () ¢ aHeprueii 58 B ¢ ToACTOR MeHO MHIICHbIO

DparMeHTalLs PEISTHBHCTCKMX ISP HCCIC10BATACH B IHOPILIHLIX IKCICPHMEHTAX ¢ HENOTB30BAHHEM
MCTOOB SACPHON CHEKTPOCKOIMH W TBEPAUTEIBHBIX TPEKOBRIX [TCKTOPOB. THXe e thparmesTh
OOPUBYIOILHECH U B3AHMOACHCTBHAX  tep 0 ¢ BHCPIMEH 58 [aB ¢ MeIHOH MHLICHBIO, HIYYLTHCE
¢ MOMOUIBKI KOMILTCKCHOM CBOPKI si1ePHBIX TpeKoBbIX letexTopos CR-39, koTopas noMertatack no; vi-
mom 15 7 K HanpanaeHuo GoMOapiMpyIoero nyuka, '

TIpH «1poCIe XMBAHUH» UPOTPARTEHHBIX TPCKOB B HETCKTOPAX Hd CKAHHPYIOINCH CHCTEME, YIIDARTY-
eMoi IBM, 6b111 0BHApYKeHbi DUKCTRIE TIPOYKTHI PEAKIBGE, OGPa3YIOIIME OCHOBHBIC OTBCPCTHH B Cliod)
AeTekTOpoB CR-19, a TAKKC 1IMCPEHO NPOCTPANCTBENHOT Pach pee TeHIE TPEKOB, KOTUPBIC OKAHUHBA-
HITCs HA PABHBIX FTYBHHAX ACTCKTOPOB.

C yueTom KansBGpOBKH CHlEAaHO 3AKIHOUCHHE, UTO ITH CK BOHbIE TPCKH OOPAYI0TCH PEASTHBUCTCKHMH
(hpamcmaM‘n O, N, u C, reHepupyesMbiMu 11pi B3AHMOLC HCTEHSX sep 0 (58 I'aB) ¢ ToneToit meanoil
MHIICHBK). VCTaHOBIEHO, YTO HHDepPeHIHATBHbIC YINOBBIC CCYeHHS YMCHBILMOTCS © YBCTHYCHHEM YIa
K HATPARICHUIO NEPBUUHOTO [Y4KA U ¢ POCTOM Japsila NPOYKTOB SUICPHBIX PCaKLMii.

PaBora suintoniena B J1abopatopuu sbIcoknx aneprnin OHSIH.

Mpenpunt O6beNMHCHHOTO HHCTHTYTA SIEPHBIX HCCTEA0BRRHIL, Iybua, 1997

Shahzad M.I. et al. : E1-97-195
Emission of Relativistic Heavy Fragments at Wide Angles
from the Interaction of 58 GeV 'O lons with Thick Copper Target .

Relativistic projectile fragmentation has been studied with the help of hybrid experiments using
radiochemical and track detection methods. The hcavy fragments produced in the interaction of 58 GeV
"0 with thick copper target have been studied using thick stacks of CR-39 nuclear track detectors 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 respective detectors of the CR-39 stack. The heavy
reaction products producing «through-tracks» in various sheets of CR-39 detectors were observed.
The spatial distribution of tracks with end points at various depths have been recorded. After calibration
it has been concluded that these «through-tracks» are due to relativistic O, N and C The fragments.
are emitted from the interaction of 58 GeV %0 ions with thick copper target. The differential angular
cross section was found to decrease with increasing angle with respect to the -incident beam direction
and with increasing charge of the reaction products.

The investigation has been performed at the Laboratory of High Energies, JINR.
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