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"Abstract 

A 4n array of plastic ~cintillator has been· 
constructed and used in conjunction with hig~ 
resolution solid state detectors. The array is 
employed principally to discriminate"multinucleon 
transfer reactions from three-body (6r more) final 
states. It should be useful for a broad class of 
experiments in which a global charged particle 
anticoincidence is required. 

Introduction 

The study of even the simplest heavy ion 
reactions becomes increasingly complicated at 
higher energies. At lower energies « 5 
MeV/nucleon) the assumption of two body kinematics 
is generally valid and quasielastic transfer 
reactions, for example, can b.e studied by 
measurement of inclusive spectra. Already at 
energies of 15 MeV/nucleon, the situation is less 
clear and the inclusive production of any 
particular neavy ion can result from several 
competing reaction pathways, not readily 
distinguishable except in the discrete state 
region. Consider the reactions 20Ne + 197Au ~ 
12C + X. Competing with (i) the direct transfer 
reaction (20Ne,12C), are the processes: (ii) 
inelastic scattering followed by statistical decay 
(20Ne,20Ne*), 20Ne* ~ 12C + 2a; (iii) 
transfer followed by statistical decay, 
(20Ne, 160*), 160* ~ 12C + a; and (iv) 
direct fragmentation, 20Ne ~ 12C + 8Be, 
etc. In thi s example direct transfer (i) may be 
conveniently distinguished from the breakup 
processes (i i )-(iv) by anticoincidence of light 
charged part icles associated with the neavy ion 
12C. Al though stri pping reactions leave the 
target-liKe nucleus in a nignly excited state, the 
statistical decay of heavy targets will De 
dominated Dy multiple neutron decay or fission 
rather than by energetic light Charged particle 
emission. 

With the above application in mind, a general 
purpose array of plastic scintillators was 
designed and constructea for experiments at the 
BerKe"ley 88" Cyclotron dnd Bevalac Low Energy oeam 
Line. The Dasic iaea was to provide Charged 
particle detection with maximal efficiency and 
solid angle, and minimal registration of neutrons 
and gamma rays. Particle identification and 
energy resolution in the array were deemed less 
important. However, studies are being made to see 
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whether this information can be obtained in d next 
generation system without sacrifice of simplicity 
and low cost. The array may De used in 
conjunction with any specialized detector which 
serves as a trigger; although solid state 
telescopes have been exclusively used until now, a 
time-of-flight"arm or large gas counters could be 
implemented. 

Design and Construction 

The Plastic Box consists of six walls of 
plastic scintillator arranqed in a 20 cm cube 
around the target. Two additional walls 
down-stream ba~k UP the heavy ion telescopes, and 
minimize tne missing solid angle around the beam 
exit (Figures 1,2). Each wall consists of an 
inner (A) ana outer (0) eleillen(; of NE-102 
scintillator, eacn 1 mm thicK,and coupled via 
adiabatic lignt guides to RCA 8850 and 8575 
photomu It i pI i er tubes. The sc inti 11 ators are 
wrapped with aluminized mylar 6 microns thick, 
which adequately screens out any residual light in 
the scattering chamDer wnile assisting light 
transmission down tne lengtn of the scintillator. 
The mylar is sufficiently thick to stop fission 
fragments but causes negligible energy loss for 
light cha"rged particles. Light-emitting diodes 
(LED's) are fixed to the bases of the light guides 
and, when driven in series with LED's in front of 
the solid state telescopes, permit the coincidence 
timing to De adjusted off line. The plastic 
scintillators are thin in order to minimize their 
efficiency for neutrons and gamma rays. Making 
the walls double layered with the inner and outer 
elements of equal tnickness allows us to correct 
for neutral events to the extent that they do 
occur, as will De explained below. 

Tne solid state telescopes are mounted on a 
movable arm and view the target tnrough a slot in 
the 1A-IB wall. At present the angular range of 
the trigger detector is limited to 50 _200 . 

The entire array is mounted on its own 
circular plate, 60" in diameter. The 
scintillators and photomultiplier tubes are 
supported on stands that permit easy adjustment of 
position and angle and then may be rigidly fixed. 
Since the box surrounds the target, the beam is 
focussed by means of a thin phosphor screen at the 
target position, which is viewed by a retractable 
mirror in the downstream beam line. 
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Electronics and Data Collection 

The electronics configuration for the Plastic 
Box is Shown in Figure 3. Data acquisition into 
the MODCOMP computer is managed by CAMAC. In 
typical experiments witn two triple-element solid 
state telescopes, a Signal in either lIE2(I) or 
lIE2(II) consititutes a valid trigger, and the 
event is comprised of 40 words (16 qADC's, 16 
TDC's, 6 vADC's, 2 latch bit registers). Dead 
time is automatically corrected by gating the beam 
current integrator and is monitored independently 
by scaling both master triggers (which are 
computer-ready gated) and total lIE2 signals. 
The dead time per event is - 300 ~sec; elastic 
scattering events may be prescaled when 
necessary. Tne data rate is normally limited to 
unrler a hundred events per second. 

Operation 

Determining the energy thresholds for the 
scintillators is complicted by the marked 
variation in lignt attenuation with position on 
eacn elellient, especially for tnose witn 
apertures. The following procedure was adopted. 
A radioactive source (gOSr (s-) or 
22BTn C' (a) was placed on a scintillator at a 
location having the poorest liqht collection 
ef:iciency. The voltage on the phototube was then 
raised until a distinct peak was observed above 
the level of the discriminator. 

The a particles (6.050 and B.7H5 MeV) stop in 
a short distance in tne scintillator, whereas most 
Of, the s- particles pass through the 
SCintillator and deposit only -250 keV. 
Nevertheless, the light output from these two 
sources is roughly equal. We estimate that 
protons with total energy of 1 MeV or greater are 
above tnreshold. After the minimum voltages are 
established, the spectra for the A and B elements 
of eacn wall are matched (always by increasing 
voltages) for a Pu(Se) neutron source at the 
target position in order to be able to make 
neutron,corrections in a straight-forward way. 
The validity of the above procedures is confirmed 
by a comparison of the transfer fraction f = 
N!S=O) / ~N(S) (S=0,1,2 ..• is the associated 
light charged particle multiplicity) determined in 
different experiments on the reactions 160 + 
natsn at 250 MeV. Tnese experiments were widely 
separated in ti~e, done with different targets, 
e~ectronlc configurations, and most importantly 
different thresholds, (Figure 4). That the data 
are stahle against further lowering of thresholds 
indicates that all relevant charged particles are 
detected, and that the corrections for neutral 
events are adequate. 

For typical experiments performed (i.e. 20Ne 
+ 197Au; 160 + 60Ni, 20Bpb at 10-20 
MeV/nucleon) the elastic scattering rate in the 
forwar~ scintillators is sufficiently high to 
necessitate covering scinti llator SA (whose 
aperture from the target represents a polar angle 
of 10 around the beam axis) with a thin sheet of 
tantalum (0.015 cm). This stops elastically 
scattered beam particles, wnile allowing fast 
light particles to penetrate to the scintillator. 
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The transfer fraction f = N(S = 0)/ 
~ N(S) from two separate runs on 

tne system 160 + natsn at 250 
MeV, with different electronic 
configurations, and scintillator 
thresholds. Z is the atomic number 
of the ejectile, summing over all 
isotopes within each element. 

The s~me is done with an annular region around the 
beam exit in 1A to a polar angle of -Bo. 
Maintaining the scintillator singles rates to 
< 105 sec-1 with targets typically of -1 
rng/cm2 I imits the beam current to -1 nA. 

Figure 5 snows the two-dimensional spectra of 
2A and 28 from an actual run. In tests where 
light particles entered a small area and normal to 
the surface, protons and alpnas were easily 
resolved. Here this separation is considererably 
degraded. This is due botn to the averaging over 
many angles of incidence (the pathlength variation 
in the A wall being a factor of 1.7) as well as 
the position dependence of the light collection 
efficiency. Events in the middle of the plane 
(2A.2B) are almost exclusively charged particles; 
events falling on tne horizontal axis (2A'2B) are 
both charged particles stopping in A, as well as 
neutrons and gamma rays, equal in number to the 
events which fallon the vertical axis C~A'2B), 
which can only be due to neutrals. 
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Fi gure 5. Plot of scintillator 2A vs. 28, from 
data of 14N + 197Au at 250 MeV.' 

Tne tWO-dimenSlon~j plot in Figure 6 ShOWS tne 
TOC output (t line oetween te I esc ope and 
scintillator signals) versus on-line PIO (particle 
identification in the heavy ion telescope). The 
intense band in PIO is comprised mostly of real 
coincidences with a few random coincidences; the 
parallel bands are only rando~ coinaidences. The 
spacing of the bands is the time between tyclotron 
beam bursts. Clearly, most of tne accidentaL 
coincidences are due to elastic scattering. 
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Plot of TOC signal vs. 28, from data 
of 160 + 208po at 217 MeV: 
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Data Analysis 

A detailed discussion of the data analysis is 
beyond the scope of this article. The general 
problem is one of projecting spectra corresponding 
to true associated multiplicity 5, from data 
corresponding to observed real, random, neutral 
and random-neutral cOlncidences. The problem is 
complex but has been solved exactly and will be 
discussed at a later time. In practice, the total 
of all correction~ to the data is small. 

Preliminary Results 

Fiqure 7 shows the inclusive spectra ~nd their 
S=O, 1 components for 16, 170 eJectiles observed 
in the reactions of ZONe + 197Au at 341 MeV. 
The information derived from SUCh spectra, and' 
which is directly comparable with tneofetical 
models, consists of the absolute and relative 
yields, most probable energies, centrolds and 
momentum widthS. Note tn'at for both 16, 170, the 
transfer yield (5=0) is comparaole in magnitude to 
that of the breakup (S=l) channe I s. The most 
probable energy is, in both cases, distinctly 
higher for 5=0 events, particularly for 170.' 
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5pectra of 16, 170, both inclusive 
and 5=0 (dash-dot-dot), 5=1 
(dash-dot) for reactions of 20Ne + 
197Au, 341 MeV, 0 =,80. 



An interesting sidelight is the magnitude of 
the correction for neutrons and gamma ray~ for the 
case of transfer (S=O). (The experimental 
signature of a neutral event is no hit in any 
1nner (A) element, with one or more hits in the 
outer (B) elements.) For transfer, the charge 
removed from the projectile is known to be 
captured by the target nucleus and implies an 
exc1tat10n energy roughly proportional to the mass 
transfer fim. For each Z, the average Am is 
evaluated from the inclusive spectra. Since 
statistical model calculations predict a linear 
increase with excitation energy of the mean number 
of neutrons evaporated by the tarqet an overall 
linear dependence on the magnitude of the neutral 
correction with mass transfer is expected. This 
1S found to be so; tne neutral corrections for two 
representat1ve walls (#4,~) are snown in Figure 
8. The d1fference 1n tne mdgnitude of the 
corrections for the two walls is due to the very 
h1gh voltage required to satisfy the threshold 
criter1a for scintillator #6 (described aoove) at 
a location near the aperture for the target 
ladder. However, as the neutron response is an 
1ntegral measurernent over the entire scintillator 
the overall neutron effi~iency is much higher tna~ 
for sC1nt1 llators with no apertures, such as #4. 
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Figure 8. Magnitude of the correction for 
neutral particles in walls #4 #6 
for reactions of 20Ne + 197Au: ' 
341 MeV, 0 = 80 . The mass 
transferred fim is taken to be the 
observed rnean transf erred mass within 
each element for this system. 
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Prospectus 

Other possiole applications of the Plastic Box 
besides studies of quasielastic transfer reactions 
are envisioned. One sucn class of experiments is 
inelast1c scattering to giant multipole 
resonances. Inelastic scattering spectra for 
strongly interacting projectiles are dominated at 
high excitation energies (EX> 10 MeV) by a 
large background on top of wnicn resonant 
contributions lie. As these resonances are both 
weak and broad ( r» 1 MeV), it is d iff i cu 1t to 
identify them and to extract reliable cross 
sections. The Plastic Box could be useful in 
suppressing this background particularly for 
heavier projectiles such as 6Li and 12C where 
it is known that most of the continuum is due to 
direct processes such as pickup-breakup reactions 
(i.e. (l2C,13N*), 13N* ~ p + 12C) or 
direct knockout reactions (i .e., (12C,12C)o). 

Prototype walls for an improved Plastic ~ox 
affording position resolution, particle 
identification and multi-hit capabi lity are being 
designed and constructed. Clearly an 
uns~tisfactory feature in the present array is the 
necessity, of cutting holes in the scintillator, 
which leads to poor light transmision to the 
.phototubes. This could be avoided in the future 
oy orienting the array so that the beam and 
trigger ports utilize the interstices of a regular 
solid, and by employing backup scintillators to 
close up the remnant inactive solid angle. 
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