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A parallel plate avalanche counter  has  been developed for the detection of t ime,  x-y position and energy loss of  heavy ions 
Constructnon and performance of  prototypes with an actLve area of  26 × 26 cm 2 and of  a final 1 x 1 m 2 version are described m 
detad The posntnon determination uses  a new principle based on a sense  w~re plane within the two parallel plate electrodes 
w~th a fast interpolating delay hne read-out A t ime resolution of At = 240 ps (fwhm) and a position resolution o f  
Ax= Aye<0 5 m m  (fwhm) are routinely obtained d u n n g  actual exper iments  

1. Introduction 
The availability of heavy ion beams up to U in 

recent years has led to an extended revival of gas 
filled detectors. Compared to semiconductor detec- 
tors, their main advantages are connected with large 
solid angles and the total insensitivity to radiation 
damage. As one example, the well known gridded 
ionization chamber has been extended to a position 
sensitive device with an active area of up to 
12×40cm21), a l l o w i n g -  in inclusive measure- 
ments of binary reaction products - to simulta- 
neously investigate Q-values, nucleon transfer and 
angular distributions with only one or a few counter 
settings. 

Experiments of this type can alternatively be 
done as kinematic coincidences. Exclusive measure- 
ments of more complicated heavy ion reactions 
involving 3 or 4 heavy fragments in the outgoing 
channel necessitate even larger solid angles because 
of the large phase space available. Such reactions 
can be completely analyzed in terms of the total 
Q-value and all fragment masses by solely measur- 
ing the velocities (rather than energies) and angles 
of all reaction partners. Additional Z-information 
can be achieved in the usual way via the energy 
loss ,dE. The accuracy of the Q and m determina- 
tion is ultimately limited by neutron evaporation. 
Experimentally, the mass resolution is essentially 
determined by the time-of-flight resolution. At a 
typical beam energy of 7 MeV/amu and a flight 
path of 1 m, an overall time resolution of 0.5 ns 
leads to a mass resolution of about 1.5%, whereas 
an angle resolution of about 2 mrad is sufficient for 
all purposes. A more detailed discussion of the 
complete experimental set-up and the accuracy 
limits in 3- and 4-body kinematic coincidence 

experiments is contained in refs. 2, 3. A quite 
general review of detection and identification prob- 
lems in heavy ion reactions is given in ref. 4. 

We have developed detectors with an active area 
of 1 × 1 m 2 specifically suited for this type of work. 
The basic trigger element, described in section 2.1, 
consists of a parallel plate avalanche counter. It 
combines a high count rate capability and a 100% 
detection efficiency with a time resolution of about 
240 ps fwhm. Rather than to simply add an inde- 
pendent position sensitive detector like a Charpak 
counter or a drift chamberS), we have finally prefer- 
red to extract position information from the parallel 
plate detector itself. Our new principle6), described 
in detail in section 2.2, is based on a sense wire 
plane placed within the two main (foil-) electrodes 
and operated at half their potential difference. The 
signals sensed by these wires in proportion to their 
distance from the avalanche (without interference 
with the bas:'c detector operation), are read out in 
an interpolating way by fast integrated-circuitry 
delay lines. Read-out system and delay lines are 
dealt with in sections 2.3 and 2.4, respectively. The 
sense wire principle, modified by charge division 
read-out, has more recently also been applied to a 
small (8 × 10 cm 2) transmission detectorT). With a 
wire spacing of 2 mm, we have obtained a spatial 
resolution of ~<0.5 mm fwhm, an integral linearity 
of +_ 1 mm, and a differential linearity of 0.2 mm. 
The latter is limited by inhomogeneiP.es of the 
delay lines. Two independent units of this type 
with crossed wire planes spaced 65 mm apart, 
provide the two orthogonal coordinates x and y, the 
space in between being used as a dE ionization 
chamber. 

The whole system is usually operated at a pres- 
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sure of 5 torr heptane and a voltage of ~550 V, 
sealed off from vacuum by installation in a self- 
contained chamber with a thin (2.0/~m) mylar 
window. Construction and performance of 
26 x 26 cm 2 prototypes and a 1 x I m 2 version are 
described in sections 3 and 4, respectively. Our 
exclusive measurements of 3- and 4-body heavy 
ion reactions nearly always involve more than one 
particle on a given detector unit. Section 5 is there- 
fore devoted to a discussion of the double-event 
resolution and other problems associated with the 
data processing, done at present with a PDP 11/55 
computer. 

One of the 1 × 1 m 2 detectors has first been used 
in an investigation of sequential fission following 
deep inelastic collisions of Pb and U with a number 
of target nuclei from Ni to U. Examples of spectra 
demonstrating the actual on-line performance to- 
gether with calibration procedures are contained in 
section 6, the final conclusions in section 7. 

2. Basic detector characteristics 

2 . 1 .  THE TRIGGER COUNTER 

Parallel plate avalanche counters (PPAC) first 
suggested by Christiansen 8) and occasionally em- 
ployed for protons 9-11) have only recently been used 
in heavy ion physicsT'12-16). Because of their con- 
structional simplicity and excellent timing charac- 
teristics together with the high ionization density of 
heavy ions they appear to be by far the best choice 
for a large area trigger device. The basic operational 
principle consists of gas multiplication in a homoge- 
nous parallel electric field along the primary ioniza- 
tion track. With n = ~d, where ~ represents the first 
Townsend coefficient and d the gap width, the total 
gas multiplication of an electron starting at the 
cathode is given by 

e n , 

the effective multiplication factor for the ion com- 
ponent of the pulse induced on the electrodes 
by l°) 

e n / n  , 

and that of the electron component by ~°) 

~,  e n / n  2 . 

The effective multiplication factor is smaller than 
the maximum value e n, because primary ionization 
out of only 2 mean free ionization paths near the 
cathode contribute 7596 to the resulting pulse, 
which in turn is generated essentially in the last 2 

mean free paths near the anode. Thus, the main 
advantage of the counter - the fast, exponentially 
rising pulse with a well defined, nearly jitter-free 
delay relative to the ionizing event - is intimately 
connected to the main disadvantage - the poor A E  

resolution, restricted by straggling of the energy loss 
in a very thin layer. 

With total differentiation of the slow ion part of 
the pulse, only the electron part is used for timing 
measurements. With the typical very large values 
of the reduced field strength of E / p  ~ 300-1000 V/ 
cm.torr at a pressure of N 5 torr, leading to large 
electron drift velocities and n ~ 10, rise times of < 1 
ns and time resolutions of 150-200 ps fwhm have 
been observed for small units (some cm 2) and a gap 
width of - 1  mmt2A4). For larger areas (some 
100 cm2), the rise times degrade to 3-5 ns, but the 
time resolutions remain at about 200 ps. It appears 
at present, that the ultimate limits are not deter- 
mined by rise times and signal-to-noise ratios, but 
by the fluctuations in the development of the aval- 
a n c h e l 4 ) .  

In a large detector, the propagation velocity of 
the signal is no longer negligable. Time delays of 
about 1 ns/20 cm have been found, enforcing a 
position determination in large counters for correc- 
tion. The overall time resolution of a PPAC also 
sensitively depends on the homogeneity of the gap 
width. With a drift velocity of about 0.2-0.5 mm/  
ns (under the conditions given above), a gap width 
variation of 0.1 mm leads to a variation of the time 
delay between the ionizing event and the pulse of 
200-500 ps. If again position is measured simulta- 
neously, this can be corrected for by software. 

2.2. POSITION MEASUREMENT 

One way to extract position information from the 
PPAC itself has been to subdivide the anode or 
cathode or both into geometrical regions like 
straight stripes7), concentric rings 13'16) or other 
shapes Is) specifically suited to the physical problem; 
these can then be read out independently ~3'1s) or 
collectivityT, le). This scheme is especially useful 
for detectors with only one coordinate. Usually, the 
position electrode consists of a printed circuit board, 
but a pattern evaporated on a thin mylar foil in a 
transmission counter has also been used7). 

For various reasons, we have developed a differ- 
ent approach. Placing an additional wire plane (or 
two) at an intermediate potential in between the 
two parallel plate electrodes (fig. 1), the position of 
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F~g. I Single wile of radius R 0 at position r0 = (x0,Y0) between 
infimte parallel plates with a spacing D. r s is a point on the wire 
surface 
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the ionization track can be sensed by the signals 
induced on these wires in proportion to their 
distance from the avalanche• Geometrically, this 
arrangement is similar to a multiwire proportional 
counter, but the operation is completely different 
with the wire plane acting solely as a "spectator" 
without participating in the avalanche multiplica- 
tion process. 

In the following, we will theoretically investi- 
gate 

1) any possible disturbances of the avalanche by 
the wire plane leading to a degradation of the 
time resolution and the energy loss spec- 
trum, 

2) the differential linearity and spatial resolution 
associated with the interpolating character of 
such a system• 

The discussion of the related electrostatic problem 
can be divided into two parts. The first deals with 
the actual distribution of the disturbed homoge- 
neous field, the second with the detailed subdivision 
of the electric charges induced by the avalanche on 
the individual wires. 

If a wire at a certain potential is placed into a 
homogeneous field, the field is disturbed (1) by the 
net charge of the wire, and (2) by the polarisation of 
the wire (and higher multipoles). If the potential of 
the wire is chosen to be the undisturbed value in its 
center, the net charge will be zero. The dipole field, 
on the other hand, never cancels. It depends on the 
undisturbed value of the field strength Eo and the 
radius R0 of the wire. The anisotropic distribution 
of the disturbing field A E  around the wire has a 
maximum value of 

A E  = E o ( R o / r )  2 • 

Thus, at a distance of only 100 #m from a wire 
with a diameter of 20 #m, the relative disturbance 
has decreased to a level of 1%. For higher multi- 

poles, the absolute values are still smaller and the 
radial fall-off is even faster. The same arguments 
basically hold in a multiwire arrangement. 

The mathematical solution of the electric induc- 
tion problem in a multi-conductor system should 
yield the dependence of the chargqs induced on all 
wires on an electron moving near the anode. The 
solution is found by applying the equivalence 

d---~J = dr. grad UJ 
qo ~oo" 

The physical meaning of this equation is the follow- 
ing: If a point charge qo is displaced by dr, the charge 
q, induced on the jth conductor is changed by an 
amount dq ~. The potential W corresponds to that 
distribution for which the j th conductor has the 
potential U0 and all others are grounded. The equi- 
valence can be found by inspection of the electro- 
static Green function. 

The potential UJ(r) can be deduced by the meth- 
od of complex potentials. The real part for a single 
wire is given by 

G(r,  ro) = G ( x , y ,  xo ,  Yo) = c In x 

• 7~ 7~ ~ 2 

{Isln ~ y - s i n  ~ yo. cosh ~ ( x - X o ) l  + 

+ I c o s ~ y o ' s l n h ~ ( x - X o ) l  } 
× 

7c 7g 
cos ~ (y + Yo) + cosh ~ ( x -  Xo) 

One has then to solve the system of linear equa- 
tions 

E qk G(r~,), r(ok)) = U t U t = Uo/ j l ,  

where U t is the potential of the /th wire, on ~) a 
point on its surface and r0 <k) is the position of the 
kth wire• The potential U ~ is given by 

UJ(r) = qk 6 ( r ,  r~o~)). 

This method can be refined by adding to the 
given monopole term a dipole, quadrupole or higher 
terms. The condition U=const .  can then be 
fulfilled for more than one point on the wire 
surface. These higher terms can, however, be 
neglected since the point of pulse formation r is far 
from the wire Ir -ro l  >R0. 

It should be remembered that the rise of the 
parallel plate detector pulse occurs essentially very 
close to the anode. Thus, it is the normal derivation 
of the potential close to the anode which deter- 
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mines the induced pulse. If  the wire spacing a is 
not too small compared to the electrode distance D 
and if R0 is very small compared to D (see fig. 1): 
U J near the anode is very similar to that of a single 
wire. The corrections are of the order 

In tan a In t a n ~ R o  ~ 6 x 1 0 - 3  

If a wire is positioned at y = 0, one can give aU/cgn 
normal to the anode as 

which is a bell-shaped curve as expected, whereas 
OU/OnL=xo as a function of y is roughly constant. 
The results of this approximation are given in 
fig. 2. 

Assuming the same spatial dependence for all 
avalanches and a small extention of the avalanche 
in the x, y plane, the distribution of the induced 
charge as a function of the distance from the j th  
wire is then similarly given by 

This situation is illustrated in fig. 3. 
We can now also calculate the center of gravity ~ 

of this distribution and compare it to the actual 
value x. Symmetry imposes the condition ~ =  x on 
the wire and just in the middle between two wires. 
Fig. 4 shows the results from a calculation for 
a = 2 mm and D = 3 mm which apply to the detec- 
tors actually built. Further results are given for 
a = 1 mm and a = 1.5 mm. The differential linearity 
yields a maximum deviation (.~'--X)max of 56 p m  for 
a = 2 m m .  

Another way of looking at the same problem is 
to plot the quantity d~/dx, which describes the 
transformation of an intensity distribution (fig. 5). 
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Fig. 2 The normal derivative at the anode of the potential of  a 
single w,re located at x 0 =Y0 = 0 between parallel plates of 
distance D. The curve is normalized to 1 at x = 0 

If, for instance, all x are equally distributed as a 
" w h i t e "  position spectrum W(x), the transformed 
spectrum W(~) - proportional to cl~/dx - will have 
a modulation of =___16% for the present 2/3 
geometry. Such variations can, of course, be 
reduced by reducing a/D. 

Since the total induced charge is shared between 
the cathode and the wire system, position-depen- 
dent fluctuations exist in the amount  of charge on 
the wire system alone. In the example presented 
they are of the order of ±3.5%.  These variations 
are illustrated in the upper part of fig. 4. 

2.3. READ-OUT 

TWO principally different methods exist for deter- 
mining the average position 2. In the first, all qJ are 
measured separately and ~ is deduced by computa- 
tional methods. In the second, a collective read-out 
scheme is used which performs most of the averag- 
ing inherently. The individual scheme is fast and 
allows very high counting rates, but necessitates 

n: -3 n:-2 n: -I n: 0 n: +I n: +2 n:+3 

-' -i - -;, %' i ' ' ~ ' ' 2 15 1 05 x 0 ~L 

q-2 q-1 O qo ql q2 13 

Fig 3 Dlstnbut,on of influenced charges on nelghbourmg wires by a charge moving at x ' /D near the anode The geometry 
D = 3 mm, a = 2 m m  corresponds to that actually used The black bars denote the posit,on of the wires and the magmtude of  the 
influenced charge 
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amplifiers and ADCs separately for each wire. In 
the collective scheme, less electronics is needed at 
the expense of smaller counting rates. 

Collective read-out can be achieved either by 
current division, coupling the wires to a resistor 
chain, or by employing delay lines, coupling the 
wires to an L - C  chain. In the current division 
method, the charge collected at one end of the 
chain is compared to the sum of the charges from 
both ends, generating the coordinate x by division. 
In the delay line method, the measurement of only 
the time difference between the signals at the two 
ends yields the coordinate directly. 

We have preferred the delay line read-out for the 
following reasons: 

1) Speed: for a delay of 1 ns /mm and a wire 
group of 25 cm, the maximum delay time of 
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Fag 5 Intensity modulat ions  m percent as a function o f  posauon 
for different geometries (a/D=2/3, 1/2, 1/3). These  modula-  
taons can be large even ff ~ - x  as small 

250 ns allows statistical counting rates of up 
to 500 kHz. 

2) Economics: collective groups of >100 wires 
can be read out with a minimum of electron- 
ics and no degradation in resolution. 

3) Redundancy: in an addition to the time differ- 
ence t2-tl, also the absolute times between 
the fast anode pulse of the parallel plate 
detector and the two delay line signals can be 
used for coordinate determination. The sum 
of these additional parameters must corres- 
pond to the total delay. If it does not, a 
double event has taken place which can either 
be rejected or treated differently. 

To demonstrate the equivalence of delay line 
coupling and the desired interpolating determina- 
tion of ~, we consider a Taylor expansion of the 
time dependence of the induced signal 

df  t=o f ( t )  = f (O)  + --~ . t  + .... 

The time dependence of the delay line signal 
corresponds to 

F(t) = ~ qJ f (t-jz),  

where r represents the characteristic delay between 
two consecutive wires. By insertion and resumma- 
tion 

F(t '  = (~  qJ)[f(O)+-~ ,=o ' ( i  z--~jaq~ - 
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Fig. 6. Delay line with direct coupled wires at L/2 The capacitors (10.47 nF) are used for couphng of signals from the delay hne 
which has a potential of +300 V The delay-line, the cables and the amphfier have an impedance of 50 12. The delay per tap is 
2 ns. 

is obtained, which can be interpreted as being 
proportional to the function 

thus yielding the desired quantity X as a time 
delay. 

Clearly, this averaging is only meaningful, if the 
characteristic delay z multiplied by the half-width 
of the q~ distribution is comparable to or smaller 
than the rise time of the delay line signals. Such a 
condition can also be enforced by additional filter- 
ing. 

2.4. DELAY LINES 

The main characteristics of a delay line are deter- 
mined by its impedance Z = ~/(L/C) and the delay 
per tap r = x/LC. Comparing the two methods of 
coupling wires to a delay line, i.e. capacitive 
coupling and direct coupling, we have preferred 
direct coupling for simplicity. In this case, a combi- 
nation of ceramic capacitors and high quality induc- 
tances gives a homogenous delay line with any 
number of taps. The choice of 33 pF capacitors and 
0.15~H inductances yields Z =  67.4~ and 
z -- 2.22 ns. Alternatively, we have also used tapped 
delay line packages (10 taps per module) with 
Z = 50 £2 and r = 2 ns from different manufactur- 
ers. Usually, homogenity presents a problem espe- 
cially at the junction of two modules. L / 2 - C - L / 2  
combinations instead of ordinary L -C  combina- 
tions seem to be superior in this sense. At present, 
the read-out is done with one delay line 
(11-13 modules) for 110-130 wires (see fig. 6). 

The impedance has been chosen to be close to 
50 .Q to simplify the direct connection to preamplif- 
iers with ordinary 5 0 ~  cables over distances of 
several meters. Use of low impedances also renders 
the characteristics of the delay line less sensitive to 
stray capacitance If long wires with a capacitance 
C~ are connected, one has 

Z = Zo(l+Cs/Co) -~ and z = z(I+CJCo) ~. 

Changes are smallest for large Co which implies low 
impedance. In addition delay lines of low impe- 
dance are physically small because of the small 
capacitors, whereas low loss inductances have large 
volumes. 

The characteristic delay r was chosen to be 2 ns 
for the following reasons: 

1) The delay per mm should be comparable to or 
larger than the differences of the propagation 
times of the anode signals in the parallel plate 
system. Under these circumstances, the time 
difference between anode signals and delay 
line signals can be used as a good approxima- 
tion to the coordinate. 

2) The total delay should be as short as possible 
in order to have a fast recovery time for high 
counting rates. 

3, Construction and performance of prototypes 
Following the principles discussed above, proto- 

types with an active area of 26×26 cm 2 have been 
budt. One module (fig. 7) consists of two equiva- 
lent counters, each containing one wire plane. They 
are mounted back to back with a 90 ° orientation of 
the wire direction, the inner planes being the 
grounded cathode planes. The space between the 
cathodes is expanded to 5 cm; it serves - together 
with a collection grid - as a transmission ionization 
chamber. Extreme care has to be taken to minimize 
cross talk problems between the independent detec- 
tor sections. 

The x and y counters are made out of two 
aluminized mylar foils with a thickness of 1.5 ~m 
and a resistance of 1 0/[2. The foils are stretched 
and glued to epoxy frames which also contain the 
contacts. The distance of the electrodes is defined 
by two additional epoxy frames with a thickness of 
1.5 mm each. One of these frames is a printed 
circuit board, also carrying the wire system and the 
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Fig 7 Schematic cut through a counter module The numbers 
correspond to (1) outer frames for packaging, glass-fiber epoxy 
6 mm thick, (2) anode frames glass-fiber epoxy 2 mm thick, (3) 
aluminized mylar foil, 2 a m ,  1 O/El,  (4) spacer 1 5 mm glass- 
fiber epoxy, (5) wire frame with photoetched contact pattern; 
1 5 ram, (6) wires 2 0 a m  gold-plated tungsten, (7) solder for 
electncal contact and mechanical fastening, (8) delayhne DIP 
(Rhombus TZB 12-5), (9) cathode frame, (10) Lucite spacer 
25 mm,  ( l l )  spacer 1 5 mm glass-fiber epoxy, (12) wire frame, 
collection grid of  iomzatlon chamber 20/~ m gold-plated tungsten 
wires spaced 2 mm,  (13, 14)gas inlet (outlet), (15)steel  bolt for 
c]lamping 

delay line. 2 0 a m  gold plated tungsten wires are 
used, soldered to the printed circuit board at a 
spacing of 2 mm and a tension of 30 P. Thus, the 
geometry of a = 2 mm, D = 3 mm discussed above 
is realized. 

The three detector sections x-AE-y are clamped 
together with two additional epoxy frames, resulting 
in a stiff package of three nearly gas tight volumes, 
each with its own gas in- and outlet. The combined 
module is contained in a chamber with a mylar 
entrance window on the front side. Mylar foils of 
2'/2m supported by a grid of 100/~m Wo wires with 
a mesh width of 1 × 1 cm 2 hold a pressure differ- 
ence of about 50 torr. 

As counting gases, butane to heptane with pres- 

sures ranging from 3 to 20 torr have been investi- 
gated, hexane at 5 torr being used at present. Under 
these conditions a voltage of about +600 V has to 
be applied to the anode, + 300 V (by voltage division) 
to the wire plane. Consequently, the signals have to 
be decoupled by capacitors; this is done within the 
gas volume. Thus, 7 signals and 2 supply voltages 
finally have to be connected: 

counter 1 • right-left end of delay line, 
anode 1, 

AE : collection grid, 
counter 2 : upper-lower end of delay line, 

anode 2. 
From these signals, several parameters can be 

deduced in a redundant way: 
1) Each delay line together with the anode signal 

gives three different coordinates, i.e. 

T R = fright - -  tanod e , 

T L : tleft - -  tanod e , 

TRL = /right - -  tleft" 

As mentioned above, this allows for recogni- 
tion of double events. 

2) Two trigger signals are available. It is there- 
fore possible to determine the time resolution 
with single events, to reject signals from other 
than heavy particles (electrons, gammas, 
sparks), and to exploit a TOF signal with 5 cm 
flight path. 

The collection grid of the ionization chamber 
carries a potential of -200  V, thereby saturating 
the drift velocity at low pressures with resulting 
pulse rise times of about 0.5 as. A charge sensitive 
preamplifier is used together with a spectroscopy 
amplifier, leading to best results with a shaping 
time of 0.5 as. One should keep in mind that the 
ion signal is not decoupled by a Frisch-grid, and 
that the pulse height corresponds to only one half 
of the energy loss in the detector volume. 

Measurements have been performed with ~- and 
fission sources and different heavy ion beams, rang- 
ing from 160 to 2°Spb at count rates up to 
500 KHz. 

With o:-particles and 15 tort hexane as counter 
gas, the chamber can be operated at 650V the 
pulse height of the electron component is then 
about 1-5 mV with a rise time of 3 ns (measured at 
50 ,(2). The signals are further amplified by roughly 
a factor of 300 and then fed into a constant fraction 
trigger (CFT). The time resolution is observed local- 
ly to be 300 ps for u-particles and 220-240 ps for 
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heavier particles. With highly ionizing particles and 
high count rates, the supply voltage has to be 
lowered. As one example, for 400 kHz Xe-ions the 
chamber was operated at only 480V (roughly 
speaking each 20 V correspond to a factor 2 in 
pulse height), but still retained a time resolution of 
220 ps. 

If the anode signals are picked off at the same 
corner of the module no geometrical correction has 
to be applied to the time difference of the two 
anode signals. The time resolution for monoener- 
getic particles then depends only on the homogene- 
ity of the gap width. Electrode foils must be 
stretched properly since electrostatic forces tend to 
reduce the gap width in the center of the counter. 
Gas flow should be held constant since varying 
flow results in pressure differences across the elec- 
trodes. Without correction for propagation delays, 

overall time resolutions of 350-500 ps can be 
achieved. 

The signals from the delay line are about half of 
the anode signals, but of opposite polarity. Rise 
times vary between 5 and 15 ns, depending on 
particle position. Additional R-C filtering can be 
used to narrow the rise time distribution. After 
inversion and amplification, the signals are fed into 
CFTs operating with a fraction 0.5 and compensat- 
ing for rise time and pulse height variations. Inte- 
gral linearity is found to be better than 1 mm over a 
distance of 15 cm. The spatial resolution is close to 
0.5 mm fwhm, using well collimated ~z-particles. 
The differential linearity mirrors the d2/dx intensity 
distribution from the averaging procedure. The 
expected +_16% modulation is, in fact, confirmed 
in the position spectra. 

As a more stringent on-line test, kinematic coinci- 

/ "... ,, .y 

I tm 
I l i ne  t a rge t  ] 

beam 

coun l s  

150 

, , o • o "  o . . ,% ,  , 

" , ' ~ , ' ? . , ' ?~ -~JBIL , " .  ;~_..'~ . 

' ~ ~ , ~ ' ~ . ~ / : . . ' I I D ~ .  "-, 

• ' . . ; Q  . "  . ¢ .  , l °  o 

t.5 ° 50* 55* 

coun t s  

4096 

15 

512 

6t. 

8 

1 

I ' l l  
[amu] II 

-8 -6 -t, -2 0 2 4 I ~ 1  26 27 28 20 30 31 32 33 3/, 35 

Fig 8 Kinematic coincidences m the system 85 MeV 32S~27A1 with two prototype counters (a) Schematic set-up, (b) O l 02 
correlation diagram, (c) mass spectrum, the resolution is 0 3 amu, (d) excitation spectrum of inelastic scattering The half-width is 
150 kV The non-Gaussian line shape is due to multiple scattering m the target 
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dences have been measured with two such detec- 
tors for the binary system 27Al(32S,x)y at 
Elab = 85 MeV 17). The experimental set-up and ex- 
amples for a mass and Q-spectrum are shown in 
fig. 8. Using a 10/zg/cm 2 A1 target and a flight 
path of 1 m for each detector, a Q-value resolution 
of 150keV fwhm and a mass resolution of 
0.35 amu fwhm have been achieved. This again 
corresponds to a time resolution of 350 ps and a 
spatial resolution of 0.5 mm. In these measure- 
ments, the whole active area of both detectors was 
used without any software position-time correc- 
tion. 

4. Construction and performance of a 
1 x 1 m 2 d e t e c t o r  

For a number of reasons, our square meter detec- 
tor is divided into subsections. With increasing 
detector area 

1) pulse heights and rise times degrade, 
2) the collective read-out suffers from more 

chance coincidences, 
3) the recognition and analysis of real double 

events becomes much more difficult, 

aE Anode 

/ 

j/ 
J 

y-sect 

wires 

~ J  Cathode 

Sense wires 

Anode 

Fig 9 Schematic view of  the square meter  counter  with the 
a-sect ion facing the target, followed by the AE- and the y- 
section The  subdwislon of the anodes is indicated by the  dashed 
hnes  The cross hatched bars on the sense wire planes indicate 
the 2 x 4  delay hne  sections each for the collectwe read-out of  
110 wires The grounded cathodes are not  subdwlded;  thus  
crosstalk to the AE-sectlons ~s reduced 

4) mechanical stability against acoustic vibrations 
and electrostatic forces enforce additional sup- 
port in any case. 

Since electrode foils of a transmission counter can 
only be contacted on the outer frames, a division of 
the detector into 2 x 4  = 8 submodules has been 
chosen. The whole arrangement is schematically 
illustrated in fig. 9. Each rectangular module has a 
common side with the outer frame. The longer side 
of the rectangles corresponds to the direction of the 
wires (now with a length of 1 m), the smaller side 
to the length of one delay line. Four delay lines 
therefore have to be used. The area 22 x44 cm 2 of 
one sub-module is comparable to that of the proto- 
types. Gap width and wire separation are also kept 
at 3 and 2 mm, respectively. Two such units are 
again mounted back to back at a 90 ° orientation of 
the wire planes. The collection grid of the AE ioni- 
zation chamber in between is divided in 8 sub- 
modules as well. 

Since greater mechanical stability is necessary, 
the electrode foils are glued to glass fiber epoxy 
(G II) frames machined out of sheet material with a 
thickness of 6 and 10 mm. The frame carrying the 
wire system (4 x 110 20/~m wires at a tension of 
25 P) is attached with set (adjusting) pins to the foil 
frames, thereby guaranteeing the mechanical stabili- 
ty. Gas supply and electrical connections are similar 
to those of the prototypes. A photography of the 
whole detector unit is shown in fig. 10. 

An extra chamber with an entrance window to 
enclose the detector has been constructed for use in 
a large scattering chamber. The mylar window is 
supported twice, - by a grid with a 2 x 2 division 
adjusted to the geometry of the detector, and a 
finer grid of 200/zm wires with a mesh-width of 
15 x 15 mm 2. The window withstands a pressure 
difference up to 50 torr. 

All electrical connections as well as those for gas 
supply and vacuum are fed through a flexible metal 
bellow connecting the detector chamber to the 
bottom platform of the large (3 m @) scattering 
chamber. Fig. 11 shows a photography of the 
whole set-up, the top part of the scattering chamber 
being removed. The counter can be rotated around 
the target and its distance changed by remote 
control. The supporting grids of the detector 
entrance window are easily recognized. 

A total of 32 (16 anode- and 16 delay line-) 
signals are amplified in voltage sensitive preampli- 
fiers, the 8 AE signals in charge sensitive preampli- 
fiers, all situated close to the exit of the metal hose. 
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Fig. 10 Photograph of  a square meter  counter  from the front 
side, the  entrance window being removed The  bellows on the 
bot tom of  the  detector housing contain all connection cables, the 
gas-supply, and the by-pass to the  v a c u u m  sys tem 

times of the delay line signals range from 5 to 
18 ns. 

The local time resolution as measured with elas- 
tically scattered heavy ions from Kr to U is about 
240 ps, but degrades for the total area without 
geometrical correction to something like 700 ps. 
Spatial resolution is in any case estimated to be 
better than 1 mm, since the d.~/dx modulations are 
clearly present. 

5. Double event resolution and data 
processing 

If only one particle at a time has to be analyzed 
in the whole detector, read-out and data processing 
are very simple. All logical time signals of one kind 
are fed via ORs into five TDC stop channels, 
started by the OR'ed anode signals from the first 
plane. All logical signals from the anodes are fed in 
parallel to a 16-bit pattern unit for reconstruction of 
the absolute coordinates. 

The recognition and analysis of double or higher 
multiplicity events is much more elaborate. If one 
particle crosses the detector, two delay lines and 
two trigger planes are active. A second particle can 
be detected without any restrictions, if different 
trigger planes and delay lines are involved. For a 
random distribution of the second parucle with 
respect to the first this applies to one half of the 
events, as can be visualized in fig. 12 (situation A). 
A more complicated case arises, however, if the two 
particles share one delay line but still have two 
different trigger signals (using both planes). At this 

I Oeloyhne x I 

D C A A 

Delay- 

hn@ y C E B B 

A B A A 

Fag. 11 Photography of  the scat tenng chamber  (3 m diameter) 
The top part is half-lifted The counters can be rotated and 
moved radmlly by remote control. 

The rise time of the fast signals is found to be 
N4.5ns, slightly inferior to the prototypes as 
expected. By proper shaping, the base width of the 
anode signals can be reduced to 15 ns. The rise 

A B A A 

Fig 12 Double event  distribution The first particle is a s sumed  
to be located in the secUon denoted by E There is no restriction 
for a second particle m sections marked with A For the secuons 
marked with B and C one delay hne is used m c o m m o n  w~th the 
first partacle 
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point the double pulse resolution of the delay line 
has to be exploited. The situation is illustrated in 
fig. 13. The particles cross the detector at times tl 
and t2 at coordinates xl and x2, respectively. The 
two signals propagate to both ends of the delay line 
with the velocity o(o = 1 ns/mm), arriving with the 
time differences 
/Itleft = t2-- t 1 -F" (X2-- X1)/V 
and 
t r ,gh t  : t2--t  1 "k (X1-- X2)/I). 
If one of these differences is larger than the typical 
double pulse resolution time of 30 ns, the second 
pulse can be analyzed. It is possible to reconstruct 
the event pairs t~, x~ and t2, x2, using two trigger 
signals and at least three delay line signals. This 
situation (B+C in fig. 12) applies to 37.5% of 
randomly distributed double events. 

A special condition is met if two particles in the 
situation D of fig. 12 cross the detector at exactly 
the same time. In this case, no decision can be 
made on whether the coordinates combine in the 
form Xl, Y2 and x2, y~, or Xl, y~ and x2, Y2. 
Because of the 6% probability and the equal trigger 
times this only rarely occurs. 

The most complicated case is met in situation E 
of fig. 12 where the same trigger planes and delay 
lines are involved. The two events can then only be 
resolved, if either their time difference is larger 
than the double pulse resolution of the anode 
signals (about 18 ns), or of their spatial separation in 
both coordinates is larger than 5 cm, resulting in 2 
t ,n~ 'i 

t~ 

tz 

tl 

I 
I 

1 tr2 
t r~ 

- X  
left  O X 1 X 2 L right 

Fig 13 Reconstruction of double events  from one delay line 
Starting from two events  (x 1 tl), ~2t2), four signals propagate to 
1Lhe delay hne ends. Time differences with the trigger signals 
q ,  t2 are measured. A computer  program checks for the proper 
signal pairs (right-left). The sum of two adjacent t ime differences 
mus t  correspond to the total delay. 

trigger signals and 8 different position signals to be 
usable for complete reconstruction. 

Double pulse resolution does not only depend on 
the rise time and base width of the signals, but also 
on the dead time of the CFT, set in our case to 
12 ns for the anode signals and 24 ns for the delay 
line signals. It is, in any case, necessary to split up 
the two consecutive logical signals and feed them 
into two different time analyzing channels. This is 
achieved by a fast selfswitching multiplexer which 
delivers the first pulse on channel 1 and the second 
and all following pulses on channel 2, conserving 
the time information. 

In principle, a complete data processing system 
for double events can be built by using two time to 
digital channels for each anode and delay line signal 
resulting in a total of 64 TDC channels. However, a 
double event is completely defined by only 12 
signals and all information can already be obtained 
using only 12 TDC channels. In this case extensive 
gating or demultiplexing becomes necessary. 

We have developed a demultiplex unit reducing 
the number of TDC channels to 16, i.e. two 8-fold 
TDCs and two 16-bit pattern units are used for 
complete determination of double events. The unit 
accepts the logical signals from the anodes and the 
delay lines of one plane. It delivers triples (anode, 
delay line 1, delay line 2) of fast signals and 8-bit 
pattern bytes for three different priorities. The 
earliest particle is gated to the priority I outputs, 
etc. If two signals arrive within a time interval 
smaller than some limit, the higher priority is given 
to the lower pattern bit. 

The fast signals are splitted, one is then used to 
perform logical operations, i.e. setting of gates 
according to priority, the other is cable delayed and 
gated to a few outputs retaining its timing informa- 
tion. 

The two TDC-modules are used as follows 
1st Plane 2nd Plane 
Anode Prio I Start Anode Prio 1 
Anode Prio I-double Stop 1 Anode Prio I-double 
Anode Prio II Stop 2 Anode Prio II 
Right Prio I Stop 3 Up Prio I 
Right Prio I-double Stop 4 Up Prio I-double 
Right Prio II Stop 5 Up Prio II 
Left Prio I Stop 6 Low Prio I 
Left Prio I-double Stop 7 Low Prio I-double 
Left Prio II Stop 8 Low Prio II 

The gating unit has two cycles. During the open- 
ing cycle the unit accepts fast input signals. It is 
defined by the first fast signal and a monoflop. The 
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length always has to be adjusted to the specific 
experimental conditions. If the event has been +~0 
accepted by the experiment logic the unit holds 
information until the computer reset has occured. If "g +2o 
not a fast reset is transmitted to the priority unit 

taJ 
which is then ready to accept a new signal. The 
maximum count rate depends on the time needed z_ 0 

tm 
by the experiment logic for the decision, whether ,- 

o 
the presented signal ~s acceptable or not. If this o 

-20 time is 300ns, an instantaneous rate 3 x l0 s is 
possible. > 

6. First experiments and calibration 
The square meter detector has been used in 

several experiments for the detection of sequential 
fission fragments emerging from reactions like 
7 5 MeV/amuU,  Pb--,Ni, Zr, Pb, U. In these 
measurements the target-like reaction product is 
detected m a position sensitive ionisation cham- 
bert). The large area detector is positioned to detect 
a coincident projectile-like reaction product in about 
its center. A photograph of the whole set-up is 
shown m fig. 14. If binary fission of the projectile- 
like nucleus occurs sequentially as a second reac- 
tion step the possible lab directions of the two frag- 

Fig 14 Experimental set-up for the measu remen t  of  sequential 
fission reduced by U and Pb on hghter  targets hke Nl, Zr The 
target-like recoil parucle is analyzed in the lomzatnon chamber  on 
the right, the two fission fragments are measured  s imultaneously 
in the large area detector on the left The  movable Faraday cup 
(trlfilar mount )  can be seen in the center of  the p~cture 
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Fig 15 Spatml d~stnbut~on of  two fission f ragments  in coinci- 
dence with a recoil particle measured  m the ionization chamber  
The shadow of  the support grid and of  the Faraday cup can 
readily be recogmzed The concentration of events  in the equator 
zone is due to the high angular m o m e n t u m  transfer of  the 
reactions 

ments are compressed within a cone centered 
around the original direction. The opening angle of 
this cone depends on the magnitude of the relative 
velocity of the fission fragments compared to the 
velocity of the fissioning system. By adjusting the 
distance of the detector, the whole projection of the 
cone can be covered simultaneously within the 
active counter area. The two fragments then appear 
in a correlated way which usually corresponds to 
situation A (no restriction) in fig. 12. There is, 
however, a considerable probability for situation B 
(same delay line) due to a finite spreading of recoil 
directions. Fig. 15 shows a distribution of fission 
(two fragment) events in coincidence with a Zr-like 
nucleus from the reaction Pb --, Zr at 7.5 MeV/amu. 
Results of these measurements will be published 
elsewherelS,19). 

For successful data reduction proper calibration 
procedures have to be applied both for the spatial 
coordinates and for time of flight. Since all relevant 
quantities appear as time differences, only time 
offsets have to be determined. For the calibration of 
the spatial coordinates a plate with a regular hole 
pattern (• 3 mm) is placed in front of the detector. 
This pattern then has to be reconstructed on the 
computer screen. For the determination of time 
offsets one makes use of the pulsed beam of the 
UNILAC (zlt ~< 200 ps) together with the well de- 
fined behaviour of elastic scattering is utilized. The 
detector center is positioned at or near 0 ° (only 
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events more forward than the grazing angle are 
useful), with a movable faraday cup in front. By 
changing the distance of  the cup relative to the 
1,arget, the intense central zone of  the Rutherford 
scattering distribution is shadowed most of the time 
Jn order to obtain a more even distribution of  the 
local dose. Time offsets are then determined by a 
computer  program which adjusts them locally to 
reproduce the elastic scattering velocities: A map of  
time offsets is then obtained as a function of coor- 
dinates. Unexpectedly, time offsets within one trig- 
ger module (22×44  cm:) do not follow a simple 
geometrical spatial dependence: A min imum time 
delay is found for events in the center, rising 
monotonously  towards all edges, even in the direc- 
lion of  a contact. Maximum differences within one 
module are of  the order 1.5 ns. Although this 
behaviour is not understood in detail, a qualitative 
interpretation can be given. Consider a parallel strip 
counter  of  length L with one end matched to a 
cable and the other end left open. If  a particle 
crosses at position x, a direct signal will reach the 
cable at the time tl =x/os, os being the propagation 
velocity. A second signal propagates in the opposite 
direction, is then reflected at the open end at time 
t2=(L-x)/o~, and reaches the cable at t ime 
t~ = (2L-x) /o~.  If filtering and trigger mode corres- 
pond to mean timing, the time delay is independent 
of  x. 

Such considerations, taking also account of  the 
second dimension, together with damping and 
improper matching, may explain the observed 
effect. 

3'. Conclusions 
We have demonstrated the possibility to build, 

operate and ultimately extract data from a square 
meter  time-, position- and AE-sensitive heavy ion 
detector. The outstanding properties of  a parallel 
plate counter  have been expanded by position sensi- 
tivity without affecting time resolution. The collec- 
tive read-out with direct coupled delay lines of  
r --1 n s / m m  has the virtues of  

1) inherent interpolation and excellent integral 
linearity, 

2) double pulse resolution of  25 -30  ns 
(25-30  mm), 

3) redundancy and simple pile-up rejection, 
4) simple calibration and data extraction. 
The use of  two independent,  but identical detec- 

tor planes for x and y determination has the follow- 
ing advantages: 

1) rejection of  noise, electron- or ~,-pulses, 
2) determination of  time resolution independent 

from the pulsed beam, 
3) resolution of  pulse number  ambiguities in 

pulsed beam experiments,  
4) improved multiparticle event  resolution, 
5) simple and cheap possibility of  adding dE 

sensitively with one additional grid. 
A number of variations of  the principle are possi- 

ble for special applications. A reduction of the gap 
width will increase the time resolution to about 
150 ps. A reduction of the ratio wire distance to gap 
width may dramatically improve the differential 
linearity (fig. 5). Thin foils ( < 1 0 0 / z g / c m  2) may 
extend the dynamical range to very low ion ener- 
gies and reduce straggling. Such a detector can then 
be used as a transmission counter  in front of  an 
ionization chamber. For high count rate applications 
pile-up probabilities can be reduced by lowering the 
maximum delay for the position signals. This can 
be achieved either by reducing the delay time per 
mm,  or reducing the number  of  wires being collec- 
tively read-out with one delay line. 

We gratefully acknowledge valuable contributions 
of  P. Gl~issel, R. M/inner, and W. Schneider during 
the actual experiments and the data reduction. We 
are also indebted to H. Gemmeke  and W. Farr for 
their help in the development of the electronics. 
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