Nuclear Instruments and Methods in Physics Research A295 (1990) 109-122 109
North-Holland

The MSU Miniball 41 fragment detection array
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A compact and highly granular charged particle detection array, covering 89% of 4 in solid angle, is described. In its present
configuration, the array consists of 188 fast-plastic Csi(T1) phoswich detectors arranged in 11 rings coaxial about the beam axis. Each
phoswich detector is comprised of a 40 pm thick plastic scintillator foil and a 2 cm thick CsI(T1) crystal selected for good scintillation
uniformity. The detectors are read out by photomultiplier tubes. Elemental identification up to Z =18 and isotopic identification of

H and He nuclei is achieved by exploiting pulse shape discrimination techniques.

1. Introduction

Highly excited nuclear systems, formed in inter-
mediate and high-energy nuclear reactions, can decay
by emitting a considerable number of complex frag-
ments {1]. Such multifragment emission processes are of
particular interest, since they might provide important
information about the liquid—gas phase diagram of
nuclear matter [2,3]. At sufficiently high excitation en-
ergies, the internal pressure in the nuclear medium
could be large enough to cause an expansion. If, during
this expansion phase, the reaction trajectory in the
temperature—density plane passes through the spinodal
line, the system could become mechanically unstable
against the growth of density fluctuations and decay by
a multifragment disintegration [4-9]. Experimental evi-
dence concerning the existence and characterization of a
multifragment decay mode is still rather limited. In
order to study multiple emission of complex fragments
with nearly 4m coverage, we have constructed a frag-
ment detection array of high granularity and low detec-
tion thresholds. In its present configuration, the device
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phoswich detectors consisting of 40 pm thick plastic
scintillator foils and 2 cm thick CsI(T1) scintillators.
Thresholds for particle identification range from E/A
= 1.5 MeV for alpha particles to E/4 = 3 MeV for Ca
ions. Individual detectors can resolve elements from
Z = 1-18, as well as isotopes of hydrogen and helium.
Charged particle detector arrays based on similar tech-
niques have been described in refs. [10,11].

In this paper, we give a detailed description of the
device and its performance characteristics. The mecha-
nical construction of the array is described in section 2.
In sections 3-6, the detector design, the photomultiplier
gain monitoring system, quality tests of CsI(T1) crystals,
and the technique for the fabrication of uniform thin
scintillator foils will be presented. The data acquisition
electronics and test results for particie identification will
be detailed in sections 7 and 8. A brief summary will be
given in section 9.

2. Mechanical construction of the array

The Miniball phoswich detector array is designed to
operate in a vacuum vessel. An artist’s perspective of
the three-dimensional geometrical assembly is shown in
fig. 1. The array consists of 11 independent rings coaxial
about the beam axis. For ease of assembly, as well as
servicing, the individual rings are mounted on separate
base plates which slide on two precision rails. The rings
and detector mounts are made of aluminum. Good
thermal conductivity between detectors and the mount-
ing structure allows the conduction of heat generated by

0168-9002/90,/303.50 © 1990 - Elsevier Science Publishers B.V. (North-Holland)



110 R.T. De Souza et al. / The MSU Miniball 47 fragment detection array

Fig. 1. Artist's perspective of the assembly structure of the

Miniball 4n fragment detection array. For clarity, electrical

connections, the light pulsing system, the cooling system and
the target insertion mechanism have been omitted.

the photomultiplier voltage divider network into the
array superstructure. This heat is removed from the
Miniball by cooling the base plates. By this means,
constant operating temperature in vacuum is achieved
after a brief equilibration time. The individual detector
mounts are designed to allow the removal of any detec-
tor without interfering with the alignment of neighbor-
ing detectors. The entire assembly is placed on an
adjustable mounting structure which allows for the

alignment of the apparatus with respect to the beam
axis.

Fig. 2 shows a half-plane section of the array in the
vertical plane which contains the beam axis. Individual
rings are labelled by the ring numbers 1-11 which
increase from forward to backward angles. For each
ring, the number of detectors is given in parentheses.
For a given ring, the detectors are identical in shape and
have the same polar angle coordinates with respect to
the beam axis; these angles are indicated in fig. 2. Since
the angular distributions of the emitted particles are
strongly forward peaked, the solid angle subtended by
forward detectors is smaller than for backward detec-
tors. Variations in solid angle were achieved largely by
placing detectors at different distances from the target
while keeping their size approximately constant. The
front face geometries of the individual CsI(Tl) crystals
are shown in fig. 3. Different detector shapes are labelled
by the respective ring numbers with the number of
detectors per ring given in parentheses (see fig. 2 for the
definition of the ring numbers). The crystals are tapered
such that front and back surfaces subtend the same
solid angle with respect to the target location. In order
to save cost of fabrication, the curved surfaces corre-
sponding to constant polar angle were approximated by
planar surfaces. The resulting loss in solid angle cover-
age is on the order of 2%, comparable in magnitude to
the loss in solid angle coverage resulting from gaps
between individua! detectors (which must be provided
to allow for mechanical tolerances and optical isolation
between neighboring crystals).

An isometric drawing of the target insertion mecha-
nism is shown in fig. 4. The targets are mounted on
frames made of flat shim stock of 0.2 mm thickness.
Each target frame is attached to an insertion rod. The
insertion rods are mounted on a tray which can be
moved parallel to the beam axis. An electromagnetic
clutch provides the coupling to the insertion and retrac-
tion drive once a target rod is located at the appropriate
position. A third drive allows rotation of an inserted

20 'cm

Fig', 2. }:Ialf-planc section of the Miniball array. Individual detector rings are labelled 1 through 11; numbers of detectors per ring are
given in parentheses; the polar angles for the centers of the rings are indicated. The dashed horizontal line indicates the beam axis.
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Fig. 3. Front views of different detector shapes. The detectors are labelled by their ring number; numbers.of detectors per ring are
given in parentheses.

Fig. 4. Isometric view of the target insertion mechanism.

target about the axis of the insertion rod. This rotation

of the target plane is useful for the determination of the

shadowing a detector experiences when it is located in
the plane of the target frame.
In its present configuration, the detector array covers

a solid angle corresponding to about 89% of 4. The

loss in .olid angle can be decomposed into the following

contributions:

(i) beam entrance and exit holes (4% of 4x);

(ii) approximation of the curved surfaces correspond-
ing to constant polar angle by planar surfaces (2%
of 4m);

(iii) optical isolation of detectors and allowance for
mechanical tolerances (4% of 4x);

(iv) removal of one detector at #=90° to provide
space for target insertion mechanism (1% of 4m).

3. Detector design

All phoswich detectors of the array are composed of
a thin (typical thickness: 4 mg/cm? or 40 pm) plastic
scintillator foil, spun from Bicron BC-498X scintillator
solution, and a 2 cm CsKTIl) scintillator crystal. A
schematic of the detector design is given in fig. 5. In
order to retain flexibility in the choice of scintillator foil
thickness, the scintillator foil is placed on the front face
of the CsI(T?) crystal without bonding material. (Tests
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Fig. 5. Schematic of phoswich assembly of individual detector
elements. The p-metal shield covering the photomultiplier is
not included.

indicate that slightly improved resolution can be
achieved when the two scintillators are coupled via a
thin layer of optical cement, see section 8 below.) The
back face of the CsI(TI) scintillator is glued with optical
cement (Bicron BC600) to a flat Lcht guide made of
UVT plexiglas. This light gnide is 12 mm thick and
matches the geometrical shape of the back face of the
CsI(T1) crystal. This light guide is glued to a second
cylindrical piece of UVT plexiglas (9.5 mm thick and 25
mm diameter) which, in turn, is glued to the front
window of the photomultiplier tube (Burle Industries
model C83062E). The photomultiplier tube and the
cylindrical light guide are surrounded by a cylindrical
p-metal shield (not shown in the figure). Front and back
faces of the CsI(T!) crystals are polished; the tapered
sides are sanded and wrapped with white teflon tape.
The front face of the phoswich assembly is covered by
an aluminized mylar foil (0.15 mg/cm® mylar and 0.02
mg/cn’ aluminum).

The primary scintillation of the plastic scintillator
used has its maximum intensity at 370 nm. In bulk
material of the scintillator, the intensity maximum is
shifted to 420 nm by the addition of a wavelength
shifter. Our scintillator foils are, however, too thin for
an effective wavelength shift and maximum emission
remains in the far blue region of the spectrum. The
absorption of this light in CsI(Tl) places a constraint on
the maximum useful thickness of the CsI(TI) crystals.
Additional absorption in the light guides can be mini-
mized by using UVT plexiglas rather than standard
plexiglas light guides. Such considerations become par-
ticularly important for phoswich detectors utilizing thin
scintillator foils in efforts to reduce particle detection
thresholds.

Fig. 6 shows a photograph of the basic photomulti-
plier assembly used for all detectors. The phoswich and
matching first light guide have not yet been attached. A
precision machined aluminum ring is glued to the p-
metal shield surrounding the photomultiplier and the
cylindrical light guide. This ring provides the alignment
for a precision-machined aluminum can which houses
the voltage divider and which defines the detector align-
ment when bolted to the rings of the array support
structure. In order to expose the voltage divider chain,
this aluminum can has been removed and placed next to
the photomultipbier. The active voltage divider chain is
soldered to the flying leads of the phototube. Tc pre-
vent destruction of the FETs by sparking during oper-
ation in poor vacuum, the entire divider chain, includ-
ing the leads to the photomultiplier tube, is encapsu-
lated in silicone rubber (Dow Chemical Sylgard 184).
Vacuum accidents occurring with fully biased detectors
do not lead to divider chain failures. In fact, the detec-
tors can survive a full pumping cycle from atmospheric
pressure to vacuum with bias applied to them.




R.T. De Souzaet al. / The MSU Miniball 4= fragment detection array

ANODE 500 COAXIAL CABLE
ka3 T :j 1 =
2 10M0
DIDe— p Wil :I
InF ] ara .L 'E 1oMQ
" L ofi U
|:| 478  VN240€L ‘E
D76 nFit | T mosreT N §3OMe
¢ N IN965 "
= e R L 820kQ $39mn
Dee <
s 3 lam 3 680kQ
<
- | wei $ 680kQ
- .l 3 680kQ
. ~+—
. Ir}F"— g IMQ
N | F 3 680kQ
- e “
proTo-  taFit | 3"8M® sy came
JE—
CATHODE [, ] 10kQ
InfF L =

Fig. 7. Schematic of the active voltage divider used for the
Miniball detectors.

The 10-stage Burle Industries model C83062E photo-
multiplier tube was chosen because of its good timing
characteristics (g = 2.3 ns), its large nominal gain (=
107), and its good linearity for fast signals. Since the
apparatus is designed to operate in vacuum, active
divider chains were chosen to minimize the generation
of heat. A schematic of the active divider chain is given
in fig. 7. The final stages of the divider chain are of the
“booster” type which provides improved linearity for
high peak currents generated by large signals of the fast
scintillator.

4. Light pulsing system

Gain drifts of the photomultiplier tubes are moni-
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LEDs (Hewlett Packard HLMP-3950) which generate
light ai wavelengths around 565 nm. The emitted light is
diffused by reflection from an inclined teflon surface.
Light fibers which only view scattered light transport
the light to the individual photomultipliers.

Because of temperature fluctuations and aging ef-
fects, operation of light emitting diodes is not stable
over long periods of time. Therefore, the intensity of
each light pulse is monitored by two PIN diodes
(Hamamatsu S1223) read out by standard solid state
detector electronics. The ratio of the signals of the two
PIN diodes can be used to monitor their stability. The
ratio of pin diode and photomultiplier signals can then
be used to monitor the gain of the individual photomul-
tiplier tubes according to the relation

CW = Ch x (Pinl + Pin2)/2Pmt. (1)

Here, Ch denotes the ADC conversion measured for a
given event, Ch’ is the conversion corrected for gain
shifts, and Pmt, Pinl, and Pin2 are the channel numbers
for LED generated light pulses detected by the individ-
ual photomultiplier tube and the two PIN diodes, re-
spectively. Better than 1% gain stabilization is achieved
if the temperature of the CsKTI) crystals is kept con-
stant. (Variations of the scintillation efficiency of Csl(Tl)
caused by temperature fluctuations cannot be detected
with the light pulser.) It was verified, however, that
active cooling of the base plate ensures rapid achieve-
ment of a stable operating temperature for the Miniball.

Fig. 9 illustrates the gain stabilization achieved with
the light pulser system. The gain variations of a photo-
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Fig. 9. Open points: gain variations of a CsI(T1) photomulti-
plier assembly determined by measuring the detector response
to 8.785 MeV a-particles; solid points: same data corrected for
gain shifts in the off-line analysis by using information from
the light pulser system.

multiplier (enhanced by variations of the supply volt-
age) were directly measured by irradiating a Csl(Tl)
crystal with a-particles emitted from a collimated 28Th
source and monitoring the peak location of the 8.785
MeV a-line; they are shown by the open points in the
figure. The solid points in the figure show the peak
positions obtained in the off-line analysis after cor-
recting the gain variations according to information
from obtained by the light pulser system. Gain stability
to better than 1% was achieved.

5. Uniformity of scintillation efficiency of CsI(T1)

Previous experience with CsI(Tl) crystals used for
the detection of energetic particles had revealed difficul-
ties with the production of scintillators with uniform
scintillation response {12,13]. Therefore, considerable
attention was paid to select CsI(T1) crystals of uniform
scintillation efficiency. In previous tests of large cylin-
drical CsI(Tl) crystals [12,13], nonuniformities of the
scintillation efficiency were detected by measuring the
response to collimated y-rays. Such measurements are
relatively easy to perform since they can be done in air.
However, they are less suitable for small volume crystals,
since collimated y-rays sample a relatively large volume
of the crystal. Small scale fluctuations of the scintilla-
tion efficiency may stay undetected. In addition, mea-
surements for small noncylindrical crystals are less pre-
cise, since the shape of the Compton background de-
pends on the position of the collimated y-ray source.
Such dependences lead to additional uncertainties in the
extraction of the photopeak position.

It was determined, however, that nonuniformities of
the scintillation efficiency can be detected very sensi-
tively by scanning the CsI(T1) crystals with a collimated
a-source in vacuum. All crystals ordered from various
manufacturers were rectangular in shape with dimen-
sions of 2 in. X 1.5 in. X 1 in.. They were polished at the
front and back faces (with dimensions of 2 in. X 1.5 in.)
and sanded at the sides. The back face was optically
coupled to a clear acrylic light guide with the same
dimensions as the crystal. This light guide, in turn, was
optically connected to a photomultiplier tube of 1 in.
diameter. The sides of the CsI(11) crystal and of the
light guide were wrapped with white teflon tape. By
covering the front face of the CsI(T) scintillator with
an aluminized mylar foil, a uniform light collection
efficiency was achieved. (Without a reflective entrance
foil, the light collection efficiency decreased by about
5% from the center of the front face to its sides.) The
front face of the crystal was scanned in vacuum and the

eak location of the 8.785 MeV a-line from a collimated
2Th a-source was monitored. In order to avoid edge
effects, regions within about 2 mm of the side boundaries
of the crystal were not scanned. Most tests were per-
formed with a simple multichannel analyzer equipped
with a peak sensing ADC; in those instances the anode
signal of the photomultiplier was shaped and amplified
with standard electronics, using integration and differ-
entiation times of 1 ps.

Fig. 10 shows the results of a scan for a crystal
exhibiting a large gradient of the scintillation efficiency.
The horizontal axis of the plot shows the location of the
collimated a-source with respect to the center, along the
short symmetry axis of the front face. Different surface
treatments of the front face of the scintillator did not
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Fig. 10. Relative variation of scintillation efficiency measured
for two parallel surfaces of a Csl(Tl) crystal by using a col-
limated a-source. The axes of the coordinate system are paral-
lel to the sides of the scintillator; the coordinates are fixed with
respect to the scintillator.
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Fig. 11. Variations of scintillation efficiency measured with a
charge integrating ADC for two different time gates selecting
the fast and slow components of scintillation for CsI(T1).

affect the measured variation of the scintillation ef-
ficiency. In order to demonstrate that such variations
were related to the bulk material of the scintillator we
exchanged the role of front and back faces of this
scintillator and performed an equivalent scan of the
parallel surface (i.e. the previovs back face). The resuits
of the two scans are compared by the solid and open
points in fig. 10. (The coordinate system was kept fixed
with respect to the Csl(T1) crystal.) Nearly identical
variations of the scintillation efficiency are observed
across the two parallel scintillator surfaces indicating
that the measured large gradient of the scintillation

4 L ARANN RARRS RARAY RRAMS RARRI RASE

||‘||||||||Il||||||'||

3 Rejected —— Accepted

® o -t @ o -]

o7

Relative Light Output (%)
(=]
i

_l—
-2 o —
-3 - —— —
el adiden i s
-10 -5 0 5 10 -10 -5 0O 5 10 15
X(mm)

Fig. 12. Variations of scintillation efficiency detected with
collimated particles of 8.785 MeV energy (solid points) and
collimated y-rays of 662 keV energy (open points). The left
hand panel shows the measurement for a detector which was
rejected. The right hand panel shows the measurement for a
detector which was incorporated into the Miniball,
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Fig. 13. Maximum detected scintillation nonuniformity for

crystals obtained from different suppliers. The number of
crystals scanned for each supplier is given in parentheses.

efficiency persists through the bulk material of the
sample.

The measurements shown in fig. 11 were performed
by integrating the anode current of the photomuttiplier
with a charge integrating ADC using time gates of
Ar=01-05 ps and Ar=1.1-4.1 ps which select the
fast and slow scintillation components of CsI(T}). The
fast component exhibits a larger variation o the scintil-
lation efficiency than the slow component. Since the
relitive intensity of fast and slow scintillation compo-
nents depends strongly on the Tl concentration [14.15],
the observed variations of scintillation efficiency are
most likely due to gradients in the T1 concentration.

Crystals incorporated into the Miniball were pre-
selected by scanning the 1.5 in.x 2.0 in. rectangular
surface of original crystals along two perpendicular axes
and requiring a uniformity of scintillation response
better than 3%. The preselected crystals were then milled
into their final shapes and scanned a second time,
requiring uniformity of response within 2.5%. The pre-
selection process avoided expensive machining of poor
quality crystals; it was about 90% efficient for the
selection of crystals of the desired quality.

Fig. 12 compares variations of scintillation efficiency
detected with collimated a-particles of 8.785 MeV en-
ergy (source: “*Th) and y-rays of 662 keV energy
(source: ''Cs). The left and right hand panels give
examples for a rejected and an accepted crystal, respec-
tively. The enhanced seasitivity of the a-particle scan is
obvious. it is probably caused by the fact that a-par-
ticles sample a much smaller volume than y-rays and
that the two kinds of radiation exhibit different sensitiv-
ities to the Tl concentration [14,15].
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The results of our standardized prescans are dis-
played in fig. 13. The histogram shows the number of
scanned crystals, obtained from different companies, as
a function of maximum detected scintillation uniform-
ity. Crystals obtained from one supplier (a) were grown
with the Czochralski techmique [16,17]; crystals ob-
tained from three other suppliers (b)-(d) were grown
with the Stockbarger—Bridgman technique [17,18].
Crystals grown with the Czochralski technique ex-
hibited, on average, more uniform scintillation efficien-
cies than crystals grown with the Stockbarger—Bridg-
man technique. Quality differences between different
suppliers using the Stockbarger-Bridgman technique
may not be significant since only a limited number of
crystals were scanned for each supplier. (The number of
crystals scanned from each supplier is given in
parentheses in fig. 13.) Furthermore, some differences
are expected to result from different ways of cutting the
2 in.X 1.5 in.X 1 in. crystals from the ingot, since Tl
concentration gradients build up largely in the vertical
crystal growth direction. Our standard scan of the 1.5
in. X 2.0 in. face of each crystal should then reveal an
especially large gradient of the scintillation efficiency
when the 2 in. long side was cut parallel to the vertical
growth direction of the ingot. Selective cuts of some
crystals from various locations of the ingot and with
different orientations with respect to the crystal growth
direction provided supporting evidence for the relation-
ship between the Tl concentration and the uniformity of
scintillation response. For most of the crystals, such
detailed information was not available to us.

6. Fabrication of scintillater foils

Scintillator foils were spun [19,20] from Betapaint,
Bicron BC-498X plastic scintillator dissolved in xylene.
The original solution was ordered with a 40% weight
ratio of solute to solvent. It was then diluted by adding
xylene until the solution had the desired viscosity of
20-30 P.

The viscosity was determined by measuring the
terminal speed v, of a steel ball sinking in a glass tube
filled with a sample of Betapaint. Correcting Stoke’s
Law for the finite diameter of the glass tube gives the
following expression for the viscosity [21]:

2gr’(po—p) r
R el L 2.104(§-)

oy} r’
+2.09(—§) —0.95(5) ] (2)
Here, n denotes the viscosity, r and R are the diame-
ters of the steel ball and the glass tube, g is the

gravitational acceleration, and p, and p are the densi-
ties of the steel ball and the Betapaint, respectively.
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Fig. 14. Relation between scintillator foil thickness and rota-
tional frequency of spinning measured for solutions of Be-
tapaint of different viscosity. The lines show fits with the
power law expression, 1 @ »™ %

For the fabrication of scintillator foils, a glass plate
of 23 cm diameter was mounted horizontally on a small
platform connected to the drive of an electrical motor
which allowed spinning of the plate about its center at a
preselected speed. To facilitate the removal of spun foils
the glass plate was covered successively with metasili-
cate solution and Teepol 610 and then wiped to leave
only a thin film of the releasing agents on the glass
substrate. An appropriate amount of Betapaint was
poured on the center of a glass plate. In order to
provide rapid spreading of the initial solution, the plate
was spun at an enhanced speed for the first few seconds
until the entire plate was covered with Betapaint. Fol-
lowing this rapid startup, the glass plate was spun at the
preset rotational frequency for a duration of approxi-
mately 4 min until a solid foil had formed. After spin-
ning, the glass plate was stored in a flow of dry nitrogen
for a duration of about eight hours. The foil was then
peeled from the glass plate, mounted on a frame, and
placed in a dry nitrogen atmosphere for another 24
hours to allow further evaporation of residual xylene.

We obtained good and reproducible results by using
more dilute solutions and spinning at lower rotational
frequencies than described in ref. [16]. A number of
measurements were performed to determine the relation
between rotational frequency and foil thickness in this
operating range. The results of these measurements are
shown in fig. 14. For each foil, thickness and homogene-
ity were determined by scanning the foil in vacuum with
a collimated *®Th a-scurce, and measuring the energy
of the transmitted a-particles in a calibrated silicon
detector. The energy loss in the foil was then converted
to an areal density according to ref. [22]. The spun foils
were uniform in thickness to within typically 1-2% over
an area of 7X 7 c¢m . Scintillator foils used for instru-
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Fig. 15. Position-dependent response of phoswich detectors
with (upper panel) and without (lower panel) glue bond be-
tween plastic and CsI(T1) scintillators. Solid and open points
show charges integrated by the fast and slow time gates,
Aty = 0-50 ns and Arg,,, = 60~-400 ns, respectively. The same
foil and CsI(T1) crystal were used in this test. Various positions
sampling the entrance window are labelled 1-11.

menting the Miniball in its present configuration were
selected to have a thickness of 4.0 + 0.12 mg/cm’.

We have explored the light collection efficiency for
scintillator foils placed with and without optical cement
on the front faces of the CsI(T]) scintillators. Consider-
able effort was spent on developing a technique which
provides an optically clear glue bond of minimum thick-
ness between the plastic scintillator foil and CsI(TI)
crystal. Best results were obtained with Epo-tek 301
which has a low viscosity of 1 P and a curing time of 1
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day. A thin layer of the epoxy was distributed on the
scintillator foil by spin coating. By means of a thin
rubber pad and a weight, the epoxy coated foil was
pressed onto the CsI(T1) crystal in vacuum and cured in
a clean and dry nitrogen atmosphere. The pressure
applied by the weight was typically 13 kPa. Glue layers
of 300-500 pg/cm’ areal density were achieved, with
nonuniformities of the order of 50%.

We investigated the position dependence of the light
collection efficiency for phoswich detectors prepared
with and without glue bonds between the plastic scintil-
lator foil and the CsI(TI) crystal, by measuring the
response at various locations on the front face (labelled
1 through 11 in fig. 15). The upper and lower panels in
fig. 15 show the relative variations of the plastic scintil-
lator response (integrated over the time interval At =
0-50 ns) and the fast CsI(TI) component (integrated
over the time interval Aty = 60-400 ns) for a-par-
ticles sampling different locations of a phoswich fabri-
cated with (upper panel) and without (lower panel) a
glue bond between the two scintillators. Both detectors
have sufficient uniformity of response to provide good
particle identification (see also section 8). In this bench
test, a better uniformity of response was obtained for
the phoswich without glue bond. Somewhat larger (but
still tolerable) fluctuations are observed when a glue
bond is applied. The observed fluctuations can be at-
tributed to thickness variations of the glue layer which
cause variations in energy deposition in the stopping
CsI{TI) scintillator (see open points in the top panel).
Since some of the CsI(Tl) signal overlaps in time with
the fast plastic scintillator signal, a correlated modula-
tion appears in the charge integrated by the fast time
gate. For more energetic particles, this effect should be
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Fig. 16. Schematic diagram of the data acquisition electronics of the Miniball.
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Fig. 17. Particle identification obtained from two-dimensional “fast” vs “slow” matrix for reaction products emitted at 8,,, = 35° for
the “Ar+ """Au reaction at E/A =35 MeV,; a scintillator foil of 4 mg/c::m2 areal density was used with a thin glue coupling to the
CsI(TI) crystal; (a) matrix of raw data 2nd (b) linearized matrix. An intensity threshold of 2 counts per channel has been set.
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Fig. 18. Projections of linearized particle identification spectra
for reaction products emitted in the “Ar+"Au reaction at
)., = 35° using phoswich detectors using scintillator foils of 4
mg/cm? thickness; (a) with and (b) without glue coupling

between the scintillator foil and the CsIi(T}) crystal.

less important as the energy loss in the glue layer
decreases.

The fabrication of phoswich detectors without glue
bond has the advantage of allowing changes in scintilla-
tor foil thickness to be made relatively easily. Glued
phoswich detectors, on the other hand, are mechanically
more rugged. In our test runs, improved particle identi-
fication was obtained with glued phoswich detectors
(see section 8). However, these improvements do not
appear to be compelling enough to justify the initial use
of glue bonds in the Miniball array.

7. Data acquisition electronics

Fig. 16 shows a block diagram of the data acquisi-
tion electronics. The anode current from the photomul-
tipliers is split via passive splitters into the “fast”,
“siow”, “tail”, and *trigger” branches of relative ampii-
tudes T, ¢ Toow: Diain: Diig = 0.82:0.04:0.04:0.1. The
slow and tail branches are connected directly from the
splitter to their respective fast encoding readout analog-
to-digital converters (FERAs). The gates for the “slow”
and “tail” FERAs are 400 ns and 2 ps wide aad open
200 ns and 2 ps after the leading edge of the linear
signal, respectively. For the fast branch, a linear gate is
inserted between the passive splitter and the “fast”
FERA. This linear gate allows the individual gating of
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each “fast” channel which cannot be achieved with the
common gate FERASs (see also the discussion in section
8). The linear gate is opened S ns prior to the leading
edge of the linear signal and for a duration of 35 ns.
The fast FERA is gated by a common gate of 100 ns
width which begins approximately 35 ns prior to the
leading edge of the linear input signal. The trigger
branch, I, is reamplified by a fast amplifier and fed
into a leading edge discriminator module, the output of
which provides the stop signal for the time-to-FERA
converter and opens the linear gate for the fast channel,

Each discriminator module provides a sum output
for its 16 channels. The amplitude of this sum signal is
proportional to the number of channels which have
triggered. By setting a discriminator level on the linear
addition of all discriminator sum outputs, a simple
multiplicity trigger is obtained.

In order to reduce dispersive losses for the fast
anode current pulse representing the response of the
plastic scintillator, the data acquisition electronics is
located close to the measurement station. Discriminator
thresholds and photomultiplier gains are adjusted via
remote computer control. Remote inspection of each
detector signal is also possible by using the sum output

of the linear gate modules and selectively masking the
discriminators.

8. Particle identification

The particle identification resolution of various
phoswich detectors was tested for fragments emitted at
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Fig. 19. Sensitivity of particle identification to time shift of the

“fast” charge integration gate. The solid and dashed lines show

the loci of representative particle identification lines in the

“fast” vs “slow” identification matrix obtained for gates dis-
placed by 2 ns with respect to each other.
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about 8y, = 35° in the “ar +"'Au reaction at E/A =
35 MeV. All data were taken with the standard electron-
ics setup described in the previous section. Fig. 17a
shows a two-dimensional plot of the fast versus the slow
charge integration parameters for a phoswich consisting
of a 4 mg/cm? scintillator foil glued to the CsI(Tl)
crystal. Elemental identification up to Z = 18 is achieved
over a considcrable dynamical range of particle en-
ergies. Fig. 17b shows a linearized presentation of these
data which is more suitable to display the resolution of

the device. From such a linearized presentation, projec-
tions on the particle identification axis can be generated
which show the particle identification resolution in a
more quantitative form.

Spectra projected on the particle identification axis
are shown in fig. 18. Fig. 18a shows the projection of
the data displayed in fig. 17; part (b) shows the result
for a phoswich using a 4 mg/cm? scintillator foil without
glue bond. Better resolution is obtained by using a glue
bond between the scintillator foil and the CsI(TI) crystal.

TAIL

SLOwW

Fig. 20. Particle identification obtained from two;gimensional “slow” vs *“1ail” matrix for reaction products emitted at 8,,, = 35° for
the “Ar +"’Au reaction at E /A =35 MeV.
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Additional improvements in particle identification reso-
lution can be achieved by increasing the thickness of the
scintillator foil. For a specific experiment, the benefits
of improved particle identification resolution due to an
increase in scintillator foil thickness must be weighed
against the ensuing higher energy threshold. We have
also explored the use of thinner foils and found that the
resolution deteriorates rapidly for scintillator foils
thinner than 3 mg/cm®. For most purposes, particle
identification provided by foils of 4 mg/cm? thickness
is satisfactory.

The use of thin scintillator foils in phoswich detec-
tors for particle identification is complicated by the fact
that the fast plastic scintillator signal is superimposed
on the rising signal from the CsI(T1) scintillator. Good
particle identification via direct charge integration de-
pends critically on well defined integration times. Elec-
tronic walk introduced by leading edge discriminators
changes the detailed shape of a particle identification
line in the fast versus slow matrix, but it has only minor
effects on the separation between adjacent particle iden-
tification lines. Time jitter in the integration gate, how-
ever, does have an adverse effect on the particle identifi-
cation resolution, since it produces fluctuations in the
amount of CsI(Tl) scintillation integrated by the fast
time gate. If the fast component is integrated by ADCs
with a common gate mode, loss in resolution will occur
whenever there is a time jitter between gates provided
by different channels. Loss in resolution will be inevita-
ble when more than two detected particles with differ-
ent flight times are converted in separate channels of a
common gate ADC. The problem can be avoided by
introducing linear gates into the fast channel which are
individually opened (see fig. 16) or, alternatively, by
employing passive filter networks of good quality [23).

Fig. 19 illustrates the sensitivity of the particle iden-
tification to time jitter in the integration gate for the
fast channel. The solid curves correspond to the centers
of selected particle identification lines in the fast versus
slow matrix (see, e.g. fig. 17). The dashed curves show
how these particle identification lines are shifted when
the gate of the fast ADC arrives 2 ns later in time. (In
these two measurements, the gate width was kept con-
stant.) Even a 2 ns time jitter in the fast gate is suffi-
cient to mix the particle identification lines of neighbor-
ing elements in the fast versus slow matrix.

Identification of hydrogen and helium isotopes is
obtained by standard pulse shape discrimination tech-
niques which make use of the fact that the temporal
decay of the CsI(TI) light output depends on the ioniza-
tion density of the detected particles [24-26]. As an
example, fig. 20 shows the particle identification ob-
tained from a two-dimensional matrix of the slow versus
tail parameters. Good particle identification is obtained
over a broad range of energies. In these spectra, not all
particles are stopped in the CsI(T1) crystal. The effects
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of particles “punching through” the detectors are clearly

visible. Particles not stopped in the CsI(TI) crystal can
still be separated by atomic number.

9. Summary

We have constructed a compact phoswich detector
array for the detection of multifragment emission from
highly excited nuclear systems in heavy ion induced
reactions. The array is designed to operate in vacuum. It
consists of 188 individual phoswich detectors arranged
in 11 rings coaxial with the beam axis. The granularity
of the device increases towards more forward angles.
Each phoswich detector consists of a 4 mg/cm? (40 pm)
thick plastic scintillator foil and a 2 cm thick CsI(Tl)
crystal. By selecting CsI(T1) crystals of good scintilla-
tion uniformity and homogenous scintillator foils, and
by making efforts to preserve and cleanly integrate the
fast anode signal containing the plastic scintillator re-
sponse, good element identification up to Z =~ 18 was
obtained. Detectors utilizing a thin glue bond between
the plastic scintillator foil and CsI(Tl) crystal gave
slightly better particle identification resolution than de-
tectors without glue bonds. However, since glue bonds
increase the energy threshold and make changes of
scintillator foil thickness very time and labor intensive,
the argument for glued phoswich detectors does not
appear compelling.
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