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Abstract. A position-sensitive twin Frisch-grid ionization chamber has been constructed for future photofis-
sion experiments using nearly monochromatic, linearly polarized gamma-ray beams. By exchanging the anode
plates in the standard ionization chamber on both sides by an array of grid- and strip-anodes, which are rotated
by 90◦ relative to each other and read out by means of resistive charge division, a position sensitivity is achieved
that allows the azimuthal fragment emission angle and hence the fission axis orientation to be determined. The
performance of this gaseous detector has been studied using the well-known 252Cf spontaneous fission process.
The fission axis orientation could be determined relative to an arbitrary axis in space with a resolution better
than 7◦ FWHM. Measured pre-neutron mass and total kinetic energy distributions are consistent with literature,
which ensures that the mass and energy resolution for fission fragments is not affected by the position-sensitive
structure.

1 Introduction

Twin Frisch-grid ionization chambers (FGIC) [1] for the
study of fission-fragment properties have been established
as accurate and reliable detectors in the last decades.
Fission-fragment mass and total kinetic energy distribu-
tions are determined using the double kinetic energy tech-
nique, based on the conservation of mass and linear mo-
mentum in the process of fission. The polar angle of the
collinear fission fragments is determined from the time
that free electrons, created by decelerating fission frag-
ments in the counting gas, need to drift from the location of
their creation to the anode plates [2]. Recently, a position-
sensitive twin FGIC for fission fragment and prompt neu-
tron correlation experiments was designed by Göök et al.
[3]. By exchanging the anode plates in the standard cham-
ber on both sides by an array of grid- and strip-anodes,
which are rotated by 90◦ relative to each other and read
out by means of resistive charge division [4], a position
sensitivity is achieved that allows the azimuthal fragment
emission angle to be determined, too.
This manuscript reports on the investigation of a newly
constructed position-sensitive twin FGIC chamber for fu-
ture photofission experiments that may be used with nearly
monochromatic, fully polarized gamma-ray beams from
the HIγS facility at TUNL and ELI-NP. Since polarized
photons are expected to yield strong azimuthal asymme-
tries in the fission fragment distribution, linked to the mul-
tipole character of the relevant excitations (see Ref. [5]
for an example using polarized bremsstrahlung), the mea-
surement of the azimuthal angle will allow us to gain in-
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formation about the structure of intermediate states and
the path through the fission barrier. The position-sensitive
detector was designed and constructed by a collaboration
of TU Darmstadt, European Commission‘s Joint Research
Centre Geel and GSI Helmholtzzentrum für Schwerionen-
forschung GmbH, based on the detector by Göök et al.
[3]. Upon assembly, the new ionisation chamber has been
tested in an experiment at JRC Geel using a 252Cf source.
Results presented in this manuscript originate from this
commissioning experiment.

2 Experimental set-up

2.1 Ionization chamber

In order to achieve position-sensitivity, the anode plates in
a standard twin FGIC were replaced by an array of grid-
and strip-anodes. A common cathode holding the radioac-
tive, spectroscopic 252Cf sample is dividing the detector
in two mirror-inverted chamber parts. On the left side of
Fig. 1 a schematic illustration of the assembled position-
sensitive FGIC is depicted, the distance between cathode
and Frisch-grid is D = 35 mm and the distances between
Frisch-grid and grid-anode and grid-anode and strip-anode
are d = 4 mm, respectively. The distances were optimized
to investigate the position-sensitive structure using heavy
ions, alpha particles emitted at the 252Cf sample are not
fully stopped between the cathode and Frisch-grid. The
Frisch-grid tungsten wires have a diameter of 0.05 mm and
are arranged with a period of 1.0 mm. The chamber is op-
erated using P-10 gas (90%Ar+ 10%CH4) at a pressure of
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1.022(5) · 105 Pa and a constant gas flow of 50 mln/min1.
The reduced field strength in the region between cathode
and Frisch-grid is chosen to guarantee a constant elec-
tron drift velocity and to minimize electron-ion recom-
bination in the gas. Applied voltages of UC = -2.225 kV
and UG = -0.5 kV result in a reduced field strength of
0.48 kV/(cm · 105 Pa). Furthermore, to minimize signal-
loss at the Frisch-grid and the grid-anode, the electric
fields between Frisch-grid, grid-anode and strip-anode
are chosen to be of increasing strength. Analog to
Ref. [3], a Frisch-grid to grid-anode field strength three
times that between cathode and Frisch-grid was applied,
while between grid-anode and strip-anode a field strength
twice that between Frisch-grid and grid-anode was applied
(UGA =+0.1 kV, USA =+1.3 kV).
To investigate the functionality of the position-sensitive
structure, a circular 252Cf sample, deposited on a thin
transparent backing (220 µg/cm2 Ni), allowing a simul-
taneous measurement of the two fission fragments, was
placed in the central hole of the common cathode. As fis-
sion fragments emitted in 252Cf(sf) are well studied and
properties like fission-fragment masses and total kinetic
energies (TKE) well known [6], a reliable characterization
of the detector is possible.

2.2 Data acquisition

Figure 1 includes a schematic illustration of the data ac-
quisition system. Analog signals collected at the electrode
plates [7, 8] are processed using a waveform digitiser. The
cathode signal triggers a gate, in which data is buffered
to the digitiser. The waveform data were stored and pro-
cessed offline with baseline corrections and high- and low-
pass filters to extract the respective pulse-height and tim-
ing information used to determine fission-fragment mass
and TKE distributions as well as polar angular distribu-
tions.

2.3 Position-sensitive electrodes

Two anode plates per chamber side were installed to
achieve position-sensitivity: a grid-anode and a strip-
anode. The sensitive array of the grid-anode consists of
50 tungsten wires with a radius of 0.025 mm and a spacing
of 2.0 mm. The wires are installed on a circular printed
circuit board (PCB), strained over a quadratic 100 mm x
100 mm opening, see Fig. 2. All wires are electrically in-
sulated and are connected via 100Ω surface-mount resis-
tors, creating a resistive charge-divider with 51 resistors in
total. The choice of resistance of the charge dividing struc-
ture needs to balance two main effects [4] and is discussed
in detail in Ref. [3]. On both ends of the anode plate pre-
amplifiers are connected, and waveform data is collected.
The strip-anode is manufactured similar to the grid-anode:
Instead of wires, 50 parallel, electrically insulated strips
are placed on a PCB. Again, 100Ω surface-mount resistors
connect the strips and create a resistive charge-divider. To
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obtain 2D-position-sensitivity, the grid- and strip-anode on
one chamber side have to be installed in such a way that
grids and strips are arranged perpendicularly to each other.

3 Acquired data and signal treatment

Analog signals collected at the electrode plates due to
drifting electrons in the applied electric field are processed
using a waveform digitiser2. The cathode signal is used to
open a gate in which data is buffered to the digitiser, see
Fig. 1 for a schematic illustration of the data-acquisition
chain. The waveform data were stored and processed of-
fline to extract pulse-height and timing information used
to determine fission-fragment mass and TKE distributions
as well as polar and azimuthal angular distributions. A de-
tailed description of the waveform analysis can be found
in Ref. [3]. The induced and collected charge on the grid-
and strip-anode, respectively, is divided between the near
(n) and far (f) end pre-amplifiers. The integrals of the in-
duced charge signals from the grid-anode pre-amplifiers
Pn, f and the maxima of the collected charge signals from
the strip-anode pre-amplifiers An, f are used to introduce
coordinates according to

x̄ = kx
Pn − Pf

Pn + Pf
= kxX, ȳ = ky

An − Af

An + Af
= kyY, (1)

where kx and ky are calibration constants relating the pulse
height ratios X and Y to actual distances from the center of
the detector. The third Cartesian coordinate z̄ is extracted
from the average electron drift time t̄ according to

z̄ = vd(t̄0 − t̄), (2)

where vd is the electron drift velocity in the counting gas,
and t̄0 corresponds to t̄ for events emitted parallel to the
target plane and, hence, with maximum drift time values.

3.1 Mass and TKE distributions

In order to make sure that the energy and mass resolu-
tion compared to a standard Frisch-grid ionization cham-
ber (e.g., Ref. [1]) is not affected by exchanging the an-
ode plates with segmented ones, mass and total kinetic en-
ergy distributions of fission fragments emitted in 252Cf(sf)
have been determined. Figure 3 shows a pre-neutron mass
distribution obtained with the position-sensitive detector
in comparison to results of Göök et al. [9] taken with
a standard ionization chamber. To correct for evapora-
tion of neutrons during the fission process, data from Ref.
[9] has been used. The pulse-height defect in the count-
ing gas, an effect that causes a non-linear response of the
pulse height with respect to energy, has been taken into ac-
count as stated in Ref. [10]. The excellent agreement in
shape of the two distributions ensures that the energy and
mass resolution for fission fragments is not affected by the
position-sensitive structure.
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Figure 1. Schematic illustration of the Frisch-gridded position-sensitive ionization chamber and the connected data acquisition. For
simplicity, only one signal path at each strip- and grid-anode is depicted, in total 11 channels of the wave form digitiser had to be used.
The respective abbreviations are: P.A. - Pre-Amplifier, T.F.A. - Timing Filter Amplifier, C.F.D. - Constant Fraction Discriminator,
D.G.G - Digital Gate Generator.

Figure 2. Technical drawing of the position-sensitive grid-
anode. A centric 100 mm x 100 mm opening on the PCB (printed
circuit board) is covered by 50 tungsten wires with a radius of
0.025 mm and a period of 2.0 mm. The wires are connected via
51 surface-mount resistors.

3.2 Extraction of position information

From the position-sensitive grid- and strip-anodes and the
assumption of fission-fragments collinearity, the orienta-
tion of the fission axis is recalculated by determining two
points in space, see Ref. [3]. In the present gas-filled de-
tector these two points correspond to the center of gravity
of the two ionization tracks created by the fission frag-
ments in the counting gas. The coordinate system used
to describe the fissioning system is defined in Ref. [3],
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Figure 3. Calculated pre-neutron mass yield compared to estab-
lished data from Göök et al. [9] (full red line). Full circles: data
measured at the side directed to the sample backing, open circles:
data measured at the side directed to the sample active side.

as well. The fission origin is fixed to the target plane
(x0,y0,0), and the fission axis orientation can be expressed
either in Cartesian coordinates (x̄,ȳ,z̄) or by polar and az-
imuthal angles (θ,φ). By measuring the electron drift time,
the polar angle is calculated in terms of cos θ for each
chamber side, respectively, see Ref. [2]. The azimuthal an-
gle is determined using the collinearity of the fission frag-
ments. The differences of the x̄- and ȳ-coordinates from
both chamber sides (x̄i, ȳi, i = 1, 2) are independent of the
point of creation of the fission fragments. The azimuthal
angle is calculated by

φ = arctan
[
ȳ2 − ȳ1

x̄2 − x̄1

]
. (3)
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3.3 Relative calibration of coordinates

In order to obtain accurate Cartesian coordinates (x̄,ȳ,z̄)
describing the fission axis, the x̄- and ȳ-coordinates calcu-
lated using Eq. (1) and the z̄-coordinate calculated using
the electron drift time measurement described by Eq. (2)
have to be calibrated relative to each other. A non-linearity
in the x̄- and ȳ-coordinates exists, which does not depend
on the absolute value of x̄, ȳ from either chamber side, but
only on the polar angle θ, see Ref. [3]. To correct for the
non-linearity and to calibrate x̄ and ȳ relative to z̄, the dif-
ference in pulse-height ratio X2 − X1 and Y2 − Y1 divided
by the sum of distances to the center of gravity of the ion-
ization track r̄1 + r̄2 for each chamber side, respectively, is
calculated for several values of cos θ. Figure 4 shows an
example of a histogram for a cos θ-value of 0.2. To each
selection in cos θ an ellipse with semi-axis rx and ry is fit-
ted. The calibration constants kx and ky introduced in Eq.
(1) are functions of cos θ and are related to the semi-axis
via

rx =

√
1 − cos2θ

kx(cosθ)
, ry =

√
1 − cos2θ

ky(cosθ)
. (4)

The accuracy of the x̄- and ȳ-coordinates is related to the
width of ellipses like shown in Fig. 4. By determining the
width of the ellipses and correcting for the contribution of
the finite resolution in cos θ the accuracy of the x̄- and ȳ-
coordinates is estimated. The mean accuracy determined
in this work agrees well with the resolution derived in Ref.
[3]. Both detectors resolve the determined fission axis with
a resolution better than 7◦ FWHM.
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Figure 4. Difference in pulse height ratio X2 − X1 and Y2 − Y1

divided by the sum of distances to the center of gravity of the
ionization track r̄1 + r̄2 for each chamber side plotted for a cos θ-
value of 0.2.

4 Conclusion and Outlook

A twin position-sensitive Frisch-grid ionization chamber
has been set up and tested successfully using the well-
known 252Cf spontaneous fission decay. By exchang-
ing the standard anode plates in the FGIG by a position-
sensitive structure the excellent energy and mass resolu-
tion for fission fragments was not affected. The position
information of the center of gravity of the ionization tracks
was used for the determination of the fission axis relative
to an arbitrary axis in space with a resolution better than
7◦ FWHM.
The described detector will be used in photofission experi-
ments on actinides at excitation energies in the barrier and
the GDR region. Correlated mass, total kinetic energy and
angular distributions (see Ref. [13]) of fission fragments
will be for the first time accessible for study with quasi-
monochromatic, polarized γ-rays.
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