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ABSTRACT

A conical Bragg-Curve Spectrometer (BCS) has been constructed. The outer
case was a molded plastic cone. Printed circuit techniques were used to form
an insert with _inscribéd equipotentials to approximate a 1/r2 electric
-field shape. The charge and energy resolution were measured for elastically

28 86y

scattered beams of 206 MeV Si, 413 and 378 MeV 56Fe, and 670 MeV
jons. Performance of this detector, particularly its charge resolution, is

discussed with respect to variation in solid angle.

a) Permanent address: Shanghai Institute of Nuclear Research, Shanghai,
China.
b) Permanent address: Instftuto di Fisica, Universita Degli Studi de Bari,

70100 Bari, Italy



1. Introduction

Recently, gas filled Frisch gridded ionization chambers have become
increasingly wutilized in heavy-ion nuclear reaction studies. These
detectors provide excellent energy resolution, and, with a segmented anode,
excellent Z-resolution. They are both radiafion damdge resistant and have a
small pulse height defect relative to Si detectors. In addition, the
detector thickness can be changed by simply changing the gas pressure.
Conventional ionization chamberé (ICs), with the electric field perpendicular
to the ionization path, have béen built in a variety of geometries with large

1,2 Furthermore, these detectors have been made position

solid angles.
sensitive in two dimensions. Position is determined in one direction by
measuring the electron drift time to the Frisch gfid; and. in the other
direction by either the addition of_'radial sense wires (theta grid) and

delay-line readout] or a sawtooth anode configuration.2

In 1982, Gruhn et a1.3 demonstrated the viability of a gas-filled
jonization chamber with the electric field parallel to the particle
jonization track. This device was called a Bragg-curve spectrometer (BCS)
because the time dependence of the ionization current collected at the anode
contains information about the specific ionization along the track (the Bragg
curve). For an ion stopping in the active volume (before the Frisch Grid)
the total energy (E) can be obtained from the integral of the anode current,
the atomic number (Z) is proportional to the maxfmum current (or Bragg peak),
and the ion range (R) is proportional to the total width (in time) of the

signal.



Within the last two years, several groups have built BCSs and studied
their response to ions of Z < 26 at energies of several MeV per

3-7 These detectors, all subtending small solid angles, gave

nucleon.
results for energy and charge resolution comparable to what has been achieved
for conventional ICs. The BCS, however, has the potential advantage that the
Bragg - peak (BP) should be independent of energy, thereby allowing one
dimensional on-line monitoring of the Z resolution and simple Z gating.
Although this has not been universally true in practice, a simple on-line
transformation may be used to make Z independent of E over quite a wide

range.3

Since the ionization current contains information about the specific
ionization all along the track, digitizing the entire ionization signal might
allow one to obtain better Z resolution and possibly A identification.3
However, Asselineau et a].4 have observed that the digitized anode signéT
differed from the calculated stopping-power values in the region of the Bragg
peak; and Murakami et a1.5 have 'shown that for dons below 10 MeV per

nucleon, the mass is a very weak function of the range, making A

jdentification very difficult.

One application where a BCS should have a significant advantage over a
cohventiona] IC is in the construction of a modular 4r detection array where
a compact geometry is required. .Such an array, with good £ and Z resolution
(and possibly some additional position resolution) would be useful for a wide
class of experiments. Several considerations need to be addressed regarding

the feasibility of such a design: 1) Can a compact large solid angle BCS



module be built with minimal dead area between modules? 2) Can the E and Z
resolution of a small solid angle BCS be maintained in a large solid angle
device? 3) Can such a device resolve events with Z > 26? These questions

are addressed in the body of this paper.

2. Detector Construction

In order to obtain the close packing required for a modular 4r detector,
the shape should be that of a frustrum of either a pyramid or a right
circular cone. Qur design utilizes this latter geometry. Charged particles
emanating from a point source on the axis of this detector travel along
radial paths. In order to maintain the desirable feature of having the
particles travel along the field 1ines, a 1_/r2 field is required in the
detector volume. If the path of ionization deviates from the direction of
the electric field lines, or the_e1ectfon drift velocity is not constant, the
ionization current measured at the anode is distorted. Thus, both the Bragg
peak (Z) and range (R) information are affected. In any large solid angle
BCS one must trade off or comprbmise on these criteria. A detector with a
constant electric field £ will produce a constant electron drift velocity,
but the anode current will be distorted for ions that arrive at an angle to
the direction of E. Choosing a field proportional to 1/r2 ideally
eliminates this problem, but for  most gases and detector dimensions of
interest introduces a distoftion due to the non-constant electron drift
velocity. For our detector, we chose to use a ]/r2 field shape because we
planned to make the detector position sensitive in future tests by either
installing two sets of sense wires with delay-line read-out or by segmenting
the anode. A true 1/r2 field was not achieved at either end of the

detector due to the bulging window and planer Frisch grid and anode. 1In



order to minimize the size of the detector and window it was placed close to
the target (~10 cm). This_c]ose proximity of the detector to the target
causes the reduced field (E/P) to change by about a factor of 10 between the

cathode and grid.

The BCS was operated with a cathode potential of -4000V and a pressure of
~ 450 torr of P-10 (90% argon - 10% methane) gés. The maximum change in E/P
causes the electron drift ve]ocityl to cﬁange by =~40% over a range
correspohding to the stopping of ions with energies between 1-8

MeV/nuc]eon.g’9

This variation in electron drift velocity is expected to
have very little effect on the energy signal, and the greatest effect on the

range signal.

Central to the construction of this detector was the use of computer
aided design to produce a printed circuit insert containing a set of
equipotentials on the inside of a frustrum of a right circular cone. The

~details of this construction are as follows: Circular copper stripes 0.2 cm
wide and 0.05 cm apart were inscribed on a flat anulus of 0.01 cm thick G-10
material.lo Resisters, 22 MQ each, were attached to 'certain stripes to
approximate a 1/r potential gradient. Thirteen such resistors were used. A

thin line of resistive ink11

connected all stripes to improve uniformity
in-the voltage gradient. The resistance along the ink path was kept Tlarge
‘with respect to the 22 M{ resistors. Thisv flat anulus, when cut to
intercept an arc of ~85°, folded, and placed inside the plastic housing as
shown in fig. la, becomes a set of electrodes providing an approximate 1/r2

field. A Frisch grid made of 38 um tungsten wire mesh, 16x16 per cm, and at

a potential of O V, follows these electrodes. Its screening inefficiency was



ca]cu]ated]2

3.8 cm diameter window was constructed of 175 'ug/cmz aluminized mylar
supported by the same wire mesh used for the Frisch grid. This window was
capable of supporting 500 torr. Figure 1b shows a section view of the

detector and includes the important dimensions.

3. Experimental Results

The BCS was placed inside a 152 cm diameter scattering chamber with its

28 . 56

window 10 cm from a 0.5 mg/cm2 Au target. Beams of Si, Fe and

86Kr were obtained from the Lawrence Berkeley Laboratory SuperHILAC.
Aluminum co]]imators,Aon a separate movab]e table, defined acceptance éng1es
of £1.2° to #9.3° as listed in Table 1. The current signal from the anode
(maximum total width ~ 6 us) passed through a charge sensitive preamplifier
and was directed along three paths: 1) The tqta1 energy was obtained from a
spectroscdpy amp]ifiek with an 8.ﬁs shaping time, 2) the BP signal (Z) was
obtained from an amp]ifier with a O.8us shaping tiﬁe, and the width of the
anode signal (range) was obtained by pulse-shape analysis as fo]]ows:'A TAC
Was started by the signal from é constanct fraction discriminator and'stopped
by the zero crossing time from the bipolar output of the amplifier. All

signals were collected event-by-event and stored on magnetic tape for

subsequent off-line ana]ys{s.

The information contained in these signals 1is illustrated by figure 2

which_shows data from simultaneous beams of 413 MeV 5-6Fe and 206 MeV 28

Si
scattered at 30° from a thin Ag target. Each spectrum shows two peaké,

corresponding to the energy, atomic number, and range of -elastically

to be ~1%. The anode was 1.5 cm behind the Frisch grid. - The



4]

scattered Fe and Si. Figure 3 is even more illustrative of the operation of
the BCS. These two dimensional scatter plots of (a) range versﬁs energy and
(b) rénge versus charge for the Fe + Ag and Si + Ag reactions show separate
regions for the scattered Sivand Fe particles. Note that Fig. 3b shows a
strong dependence of the BP on the range for the Fe events. As mentioned in
the introduction, a dependence of the height of the Bragg peak (Z) on energy

3-6 have attributed this effect

(or range) has_been'observed. "Some authors
to a grid screening inefficiency, however, Schiessl et a1.7, attribute it
to an excessively long shaping time constant of the BP amplifier. Either
cause could produce this effect. Most of this energy dependence can be
eliminated by a linear transformation of the raw BP signal:

BP =BP -k *E

In order to optimize the mechanical and é]ectrical parameters . of the
detector and to determine its best performance, data were obtained for the
FetAu reaction at -35° in the 1ab' using a #1.2° opening angle in the
détector. Figure 4 shows a two dimensional plot of the Tinearized BP signal
versus energy for the reaction products. Note the excellent separation of
adjacent elements in the region below Z = 26. As indicated in Table 2, this
data yields a aAZ/Z =1.5 and a AE/E of ~1% after subtraction of the

kinematic contribution and the energy spread of the beam.

To test the effects of increasing solid angle on the detector
performance, the acceptance angle was increased from 1.4 to 83 msr. Four

measurement steps were taken for Fe- and two for Kr- induced reactions.



Figure 5 shows a collage of projections of the linearized BP signal for a
narrow energy gate in the deep-inelastic region. For small solid angles,
this detector gives Z-resolution comparable to that obtained by Gruhn et

a1.3

When the solid angle is increased from 1.4 to 83 msr, 4Z/Z only
deteriorates from 1.5% to 1.9% FWHM. For the Kr gata, individual elements
are- identified (AZ/Z <2%) at both 5 and. 83 msr; The Z—identificétion
obtained with this detector is comparable to that obtained with conventional
large solid angié ICs]3

and is quite acceptable for a large class of
experiments. For this detector, if is not clear whether the small increase
in‘AZ/Z as a function of solid angle depends on deviations from a frue 1/r2
field, variations in electron drift velocity, or charge loss due to proximity

with the detector wall.

4. Discussion and Future Improvements

A 1érge solid angle Bragg-curve spectrometer which could serve as an
element in a compact 4r detection array for heavy-ion nuclear physics
experiments has been designed and tested. This detector is capable of
identifying the charge and energy of Fe and Kr‘reaction products with AZ/Z <
2% and AE/E ~1% intrinsic resolution. Several compromises in the désign
were made to enhance performance at large solid angles. The Z-resolution
cguid possib]y be improved by giving more care to the field shape and
minimizing variations of the electron drift velocity. For example, if a
detector was built with the same depth (~23 cm) but located at 20 cm from the
target, instead of 10 cm, the ratio of E/P would change by a factor of 5
rather than a factor of 10. Furthermore, the variation in electron drift
velocity along the length of the detector could also be reduced by a better

choice of gas and operating voltage.

“



To fu]}y exploit the potential of a large solid angle BCS one needs to
make the device position sensitive. - This could be accomplished by placing a
position sensitive avalanche detector in front of the BCS or by making the
device intrinsically position sensitive. The latter could be accomplished
either by installing two additional grids of sense wires and using a
delay-line readout, or by segmenting the andde. A full discussion ofvthese
options is beyond the scope of this baper. While many questions concerning
the BCS remain unanswered, the results presented in this paper suggest that

continued efforts to investigate the potential of the BCS are warrented.
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Aperture

Diameter

0.32 cm
0.64 cm
1.27 cm
2.54 cm
OPEN

Solid Angle AE/E
(FWHM)
1.4 msr 1%
5.1 msr -
21 msr -
83 msr -

Table 1

Opening
- _Angle
£1,2°
£2,3°
x 4,7°
£ 9,3°
*12.8°

Table 2

AZ/ll
(FWHM)

1.5%
1.7%
1.7%
1.9%

- 10 -

AE/E
(FWHM)

Solid
Angle
~ 1.4 msr
~ 5.1 msr
~21. msr
~ 83. msr

~156 msr
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Figure Captions

Fig. 1 (a) "Exploded" view of the conical BCS showing its major components.

Fig. 2)

Fig. 3)

Fig. 4)

Fig. 5)

(b) Section of the BCS showing its significant dimensions.

Signals derived from the anode current of the BCS for simulaneous
beams of 206 MeV 285i and 413 MeV 56Fe scattered at 30° from a
0.5 mg/cm? Ag target: (1) Energy, (2) Bragg peak (Z), and (3)

Range. For this measurement a 0.9 mg/cm2 polycarbonate window was

* used on the BCS.

(a) Scatter plot of range vs energy and (b) range vs charge for

simultaneous beams of Fe and Si (See figure 2).

Two dimensional plot of the linearized Bragg peak as a function of

energy for 56

Fe ions scattered at 40° from 0.5 mg/cm2 Au target
with a 1.4 msr acceptance angle. The detector window was 175

ug/cm2 aluminized mylar.
Projections of the linearized Bragg peak for a narrow energy gate in

the deep-inelastic region. This demonstrates the charge resolution

of the detector for increasing solid angle (see Table 2).

- 13 -
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