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Introduction and Basic Operation Principles: 
 
This literature review will examine several papers on the subject of Bragg chambers. 

The different components, parameters and materials used in the construction of the chambers 
will be compared and discussed with respect to the performance of the chamber. Conclusions 
as to how each of these aspects affects the performance of the chamber will be drawn. The 
main measurements examined are, the charge and energy resolution of the ions entering the 
chamber and these measurements shall be used in judging the performance of the chambers 
examined. 

Bragg Chamber Spectroscopy was postulated in 1979 by C.R. Gruhn at the 
symposium for heavy ion physics at Brookhaven laboratory [1]. The basic principles outlined 
by Gruhn are referred to in most subsequent papers.  

A simple Bragg chamber, similar in nature to Gruhn’s prototype, consists of a 
chamber containing a parallel anode and cathode held at a certain potential difference with a 
resultant constant electric field between them. To ensure the consistency of the field the 
potential is dropped in stages between the anode and cathode, generally by a resistive chain 
linking several rings or inserts held at voltages that change in constant steps. Typically Bragg 
chambers will be of the order of tens of centimetres long, Gruhn’s prototype being 28cm long. 
The chamber is filled with a gas designed to slow and stop ions that enter the chamber to be 
ionised by the entering particle. This results in a series of positive ions that are attracted 
towards the cathode and a series of free electrons that are drawn towards the anode. As these 
particles approach their respective destinations they induce changes on the anode and cathode 
and lower the charge held on each plate; in turn, lowering the total voltage held across the 
chamber. 

 A Frisch grid is used to screen the effect of the charge carried by the positive ions 
caused by the initial ionisation of the gas from the ionising particle. Frisch grids consist of a 
mesh of fine wire of diameter on the order of tens of microns separated by distance of the 
order of millimetres. This is placed a short distance from the anode and restricts the sampling 
of the electron charge to the space between the grid and the anode.  

The alteration in the voltage can be detected as a change in current from the anode. 
This output signal takes the form of a Bragg curve, which details the specific energy loss, 
dE/dx, of a particle against the length of path it travels while losing the energy.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Example of a Bragg curve, taken from Asselineau et al. [2]. The cross 

hatched area indicates the Bragg peak, from where charge measurements are made, the value 
R on the x axis denotes the particle range and the integral of the curve provides the initial 
energy of the particle. 

 
The signal is taken from the anode due to the faster flight times of the electrons from 

the point of ionisation to the anode; allowing a higher number of events to be detected per 
second allowing for a higher data output from the chamber.  

The analysis of the Bragg curve yields the useful spectroscopic details that can be 
drawn from the chamber.  
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The ionization of the gas is governed by the specific ionization of the ionizing 
particle, ΔQ/Δ x, which is directly related to the specific energy loss of the ion in the medium. 
This relation results from the fact that the energy causing the removal of electrons from the 
gas is almost exclusively from the passage of the ion. By knowing the energy required to 
remove an electron from the gas the specific ionization can then be directly related to the 
specific energy loss of the ion.  

The electrons removed from the gas are drawn towards the anode at a constant drift 
velocity, directly proportional to the electric field generated in the chamber. By measuring the 
time it takes the electrons to accumulate on the anode and knowing from reference the drift 
velocity of the electrons, the length of the ionization track can be calculated.  

The charge of the ion corresponds to the maximum of the specific energy loss. This 
maximum occurs where the particle has slowed towards the end of its range. More time is 
spent by the ion in the vicinity of the gas molecules, leading to higher ionisation and, hence, 
specific energy loss. At a certain point the ion will lose enough energy that it will start to pick 
up electrons, reducing its effective charge and specific ionisation and energy loss. This point 
is clearly visible on the Bragg curve. The peak visible on the curve at this tipping point gives 
the peak charge of the ion before electron pick up is initiated and, therefore, gives the initial 
charge of the ion as the chamber is entered.  

The classical Bethe formula provides an expression for the significant energy loss of 
an ion in a medium [3]: 
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And v and ze are the initial velocity and charge of the ion respectively, N and Z are 
the number density and charge number of the gas respectively, m0 and e are the rest mass and 
charge of an electron and I  is the average ionisation potential of the gas. From this it can be 
seen that for the maximum z value of the incoming ion, a maximum of dE/dx will also occur 
providing the other parameters are held constant, which should be the case for an ideal Bragg 
chamber.  
 
Paper Overviews: Initial Longitudinal Bragg Chambers 
 

The inherently high charge and energy resolution of Bragg chambers lends them to 
use in a large number of ion identification experiments. The first papers examined in this 
review [1, 2, 4] concern themselves with testing the principle of operation of the basic 
longitudinal field Bragg Chamber with a cylindrical shape.  

For the chamber and measurements discussed by Gruhn in the 1979 Symposium 
alpha particles are simply used in the few measurements taken with the prototype to show that 
the outputs are of the form expected. Various algorithms were also tested in analysing the 
curves, with the aim of developing a “Hardwired electronic algorithm” for high speed online 
identification of heavy ions’ energy and charge. Two different energies of alpha particle were 
used from a ThC’ and a ThC” source and the data stored offline for analysis. The starting 
points for the algorithms were: 
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Where (1) is the geometric mean of the specific energy loss, and is the starting point 

for algorithms to calculate the charge of the measured ion, and (2) is the arithmetic mean of 
the specific energy loss and measures the total energy of the particle in question. ΔEi is the 
specific energy loss as measured at point i, N spans the length of the track and is the length 
over which measurements are taken and ωi  are weighting factors describing the detector filter 
response function, describing at what signal energy and position parameters the detector is 
more responsive to measurements. The determination of the detector response filter function 
ωi is one of the main objectives of the algorithm testing. Due to the prototype stage of the 
chamber and measurements described by Gruhn, details are sparse with respect to the 
algorithm development. Future tests of potential problems with Bragg chambers such as range 
straggling, electron recombination, and energy loss fluctuations along the Bragg curve are 
mentioned. These problems will be discussed later in the review. 

Schiessl’s et al [4] were concerned with the results of an alternative method to the 
setup postulated by Gruhn, namely that useful information could be extracted from the two 
different time shaped signals from the anode corresponding to measurements of the charge 
and the energy. The shape of the Bragg curve is such that the electrons that correspond to 
ionisation at the Bragg peak arrive at the anode first. By setting a short shaping time on one 
amplifier fed from the anode, the signal due only to the Bragg peak can be collected and 
amplified; from this the charge of the ionising particle can be obtained. By setting a sampling 
time on another amplifier that is longer than the total electron time, all electrons can be 
collected and the total energy of the ionising particle can be calculated. Simplifying the data 
collection in this way from the method postulated by Gruhn allowed online recording and 
analysis to be undertaken, without the development of more complex algorithms.  

Schiessl et al used 120Mev 32S ions to bombard a 420μg/cm2 64Ni target and analysed 
the resultant fragments using their setup. A contour plot of the two amplifier outputs is 
displayed in the paper. Distinct regions corresponding to Mg, Al, Si and P can ions can be 
seen, as well as a region corresponding to elastically scattered S ions. The independence of 
the charge and energy signals is verified from the plot by the invariance of the charge values 
for greater energy. 

These regions all occur at a point with energy greater than approximately 1Mev/u, the 
point where a distinct Bragg maximum develops. For energies below this the energy and 
charge signals are roughly proportional and identification is not achieved. This result is 
important for all subsequent papers, applying to all reactions that would be undertaken using a 
Bragg chamber.  

A problem identified with the simple collection process is the increase of z value 
caused by angle straggling, when a particle enters the chamber at a high angle with respect to 
the E field the collection time will be compressed so the charge amplifier will receive a higher 
input and the Z number will be artificially heightened. This is thought by Schiessl to be an 
inherent problem with the technique and no solution is postulated.  

This particular chamber found a peak charge resolution under the conditions 
described for 16S of 1.2%. The peak energy resolution was obtained by bombarding a 
100μg/cm2 197Au target with 130Mev 16S ions and was found to be 0.4%. These values show a 
high level of accuracy of the chamber but any average resolutions that take into account other 
ions are not mentioned so the exact performance of the chamber is uncertain. The plots 
presented in the paper do suggest some degradation in resolution for other elements, but not 
to a level of indistinction between elements. The specific peak resolution is directly related to 
the target and bombarding ions used so different projectiles and targets would provide a more 
complete picture of performance. 

A paper from Asselineau et al. [2] provided a comprehensive analysis of the Gruhn 
method to test its effectiveness. Initial tests using the chamber used alpha particles from a 
241Am source to detect any electron recombination problems.  
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Electron recombination occurs when the ionised gas molecules recombine with the 
free electrons that head for the anode, decreasing the anode signal strength. This can be 
combated by a sufficiently high drift velocity for electrons in the gas that the attraction with 
the ions is overcome. Energy measurements of the alpha particles were taken and compared to 
reference data from Northcliffe and Schilling. Energy deviation was found to be within 
instrumental errors so electron recombination was judged to be minimal.  

Energy and charge measurements of ions were undertaken using a 300MeV 40 Ar 
beam scattered from a 600μg/cm2 Au target. A charge resolution of 2.7% fwhm was obtained 
for these measurements and an energy resolution of 0.8%fwhm was obtained. 

 In order to judge the effect of the energy of incoming ions on the measurements of 
the ions charge was undertaken using different aluminium absorbers over the beam to reduce 
its energy to values from 74MeV to 270MeV. A dependence on the charge measurements 
with the energy of the particles was detected. This was attributed to screening inefficiency of 
the Frisch grid. The movement of positive ions towards the cathode results in an increase in 
the induced charge on the anode if the movement is not properly screened. The higher the 
energy of an ion entering the chamber, the more ionisation occurs and the higher the induced 
charge from the positive ions. In this way it can be deduced that the higher the energy of the 
ion, the higher the Bragg peak and the higher the charge measurement deduced from the peak. 
The Bragg peak correction is undertaken with the following equation: 

  
(5) 

  
 
Where Cm (true) is the true Bragg peak height, Cm(measured) is the measured Bragg peak 
value and the summation is the value of the pulse deviation due to the inefficiency along the 
Bragg curve and is applied to the tail of the pulse, round the Bragg peak. The value k is 
empirically chosen so that there is no energy dependence for the charge at Z=18. This method 
is not satisfactory, as is stated in the paper, as it gives a grid inefficiency value that is several 
times bigger than previous experiments have yielded. The method of empirically determining 
the value k is also laborious and varies with Z number so that if a wide range of fragments is 
expected yields will still be shifted. 

 Charge separation experiments are also undertaken using the same setup and yield 
good separation about Z=18. Comparisons of the experimentally obtained curves with 
reference data show a good agreement, with the clear exception that the Bragg peak for the 
experimental data clearly underlies the reference data. The paper states that this does not have 
a large effect on resolution as all different Z numbers have very similar rise times, no figures 
are given however. The electronic setup also has the effect of reducing the resolution. 

For simple Bragg chambers the best results obtained for charge and energy resolution 
from Schiessl’s chamber are more accurate than the resolution obtained by Asselineau 
following the Gruhn method. The simpler method of collecting and analysing the data used by 
Schiessl removes much of the uncertainty and problems associated with the electronics used 
by Gruhn. The more comprehensive series of tests undertaken by Asselineau explore facets of 
the chamber, with respect to errors, that were not laid down by Schiessl in his paper. 
However, the fact that the resolution was better for Schiessl implies that these problems were 
not of the same order in that paper.  

 The experiments laid out in these initial papers yielded accurate charge and energy 
resolutions, in many cases an improvement on more traditional ion chambers and with 
independent charge and energy measurements to a high degree. Tests of different geometries 
of Bragg chamber and combinations with other detectors were undertaken for more 
specialised uses. 
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Chamber Energy 
Resolution 

Charge 
Resolution 

Asselineau  0.8% 2.7% 
Schiessl  0.4% 1.2% 

   
 Table 1: Comparison of energy and charge resolution for the simple longitudinal 

Bragg chambers considered 
 
Large Solid Angle Bragg Chambers 
 

In 1983 McDonald [5] constructed a conical Bragg chamber that was intended for 
possible use in a 4pi array. The compact geometry and good Z and E resolution are given as 
the reason for this development, which would be useful for a wide range of experiments. 
Tests are taken to determine whether the charge and energy resolution of ions is maintained 
for large solid angles. Tests are also taken to test the ability of the chamber to resolve ions 
with charge, Z, values greater than or equal to 26. Early experiments often only resolve Z 
values between of less than 26 as the difference in Bragg peak is lower between heavier ions, 
making differentiation harder for experiments with lower charge resolution.  

Problems with a more complex geometry come from the motion of the ions. If the 
path of ionisation deviates from the electric field lines or the drift velocity is not constant then 
the signal at the anode will be distorted. For the McDonald chamber, the trade off was 
between having a field to fit the conical geometry and having a constant drift velocity. The 
former option was chosen and a radial field was used. A 1993 paper by K.A. Farrar et al. [6] 
at the University of Kansas chooses the option of a longitudinal field with the ions not 
following the field lines. 

For McDonald’s chamber four different beams of heavy ions were used: 206MeV 
28Si, 413MeV and 378MeV 56Fe and 670MeV 86Kr. 500μg/cm2 Au and Ag targets were used. 
Initial results taken were undertaken to test the basic operation of the chamber at small solid 
angles and to test the chamber’s ability to differentiate between heavier elements. 
Simultaneous beams of 413MeV 56Fe and 206MeV 28Si were scattered off a 500μg/cm2 Ag 
target. Data was collected using a similar setup to the Schiessl chamber; the amplifier 
collecting the signal for the charge measurement had a shaping time of 0.8μs and the 
amplifier collecting the energy signal a shaping time of 8μs. Scatter plots of energy against 
range and charge against range of the scattered products show highly distinct regions of the 
scattered Si and Fe ions. The region representing Fe ions on the charge against range plot 
shows a smearing effect that implies a  level of Frisch grid inefficiency higher than the 
approximately 1% cited in the paper as the uncertainty is more noticeable than in previous 
papers that cite higher Frisch grid inefficiencies. The elimination of this dependency is 
affected using the same method as that employed by Asselineau. 

Results were also taken for lighter ions created by scattering 670MeV 56Fe ions off a 
500μg/cm2 Au target. Results plotted in a scatter plot of energy against charge show good 
separation of the lighter ions and a much smaller energy dependency of charge is exhibited. A 
charge resolution of 1.5% and an energy resolution of 1% are achieved.  

The performance of the detector at large solid angles is tested using one of the Fe 
beams (unspecified) and the Kr beam on the Ag target. Four different solid angles of 1.4, 5.1, 
21 and 83 msr were used for the Fe beam and two steps of 5.1 and 83 msr were used for the 
Kr beam. The charge resolution reduced with solid angle but only to a value of 1.9% for the 
Fe beam and 1.7% for the Kr beam. These values provide a higher resolution for heavy ions at 
large solid angles than for the simpler Asselineau chamber that was designed to measure far 
lighter ions. 

The 1993 large acceptance, longitudinal Bragg chamber worked on at the University 
of Kansas [6] differs to the McDonald Bragg in that the decision was made to have a 
longitudinal rather than a radial electric field. This gives a constant drift velocity of ions 
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moving through the chamber. However, distortion of the Bragg curve will occur due to angle 
straggling. This chamber was designed exclusively to track light fission fragments. A 188Mev 
36Ar beam scattered from 100 μg/cm2 Au and 50 μg/cm2 C targets was used to obtain all final 
results relating to resolution.  

The detector body is of a cylindrical rather than conical geometry but with a more 
complex internal geometry than a simple Bragg chamber as the anode and cathode are 
segmented. The paper describes the reasons a longitudinal rather than radial field was chosen. 
Firstly, a radial field has to be centred on the target, resulting in restrictions in detector 
geometry. Secondly, the drift velocity is not constant in a radial field so the anode signal is 
distorted, as mentioned previously. Thirdly the design and construction of a longitudinal 
Bragg is simpler, as shall be seen later.  

A parallel grid avalanche counter (PGAC) was used to provide additional position 
information for most experiments to help counteract the position distortion caused by the 
movement of the ions not in line with the electric field. The anode of the chamber was 
segmented into four quadrants and connected in a way similar to the Schiessl method, such 
that three of the quadrant signals were split between two amplifiers with shaping times of 
10μs and 1μs and one of the quadrant signals was split between two amplifiers of amplitude 8 
μs and 0.75 μs. Splitting the anode to give two different shaping times reduces the uncertainty 
in the shaping times that need to be selected. This can help to counteract one of the problems 
with the chamber: that the field will not be completely homogenous due to the complex 
geometry of the chamber. As the field is inhomogeneous to an unknown degree, the drift 
velocity of electrons that determines the shaping time used in the amplifiers will not be well 
known.  

The segmentation of the anode in conjunction with the PGAC also forms the basis of 
a selection procedure to eliminate unwanted signals from the analysis. Only events that 
generate a good signal in the PGAC and are detected in one portion of the anode are analysed. 
Signals that appear in more than one anode quadrant are discounted due to the uncertainty in 
position that this creates, creating uncertainty in the measured specific energy loss and hence 
in the charge and energy. The potential problem of cross talk between the anodes, which 
could have led to more than one anode segment registering a signal, was found to be minimal. 
Scattering a 163MeV 32S beam scattered from an Au target onto one of the anode quadrants, 
was found to generate a signal of 0.03% the strength from the targeted anode in the other 
anode segments. Variation in the energy resolution is one of the main drawbacks in the 
chamber. This occurs as a result of reduced electron transmission around the quadrant 
boundaries and loose Frisch grid wires; bowing of the entrance window also has this 
reduction effect. A mathematical model was constructed using calculations of the energy 
deposition at different regions in the chamber volume using path information calculated from 
the PGAC. This was used to correct the energy measurements and applied to the energy 
signal obtained at the anode to improve the resolution. The corrected average energy 
resolution of the four quadrants is then found to be 1.1% fwhm, an improvement on the 
uncorrected average value of 2.0%fwhm. Changes in the electric field also affect the charge 
resolution in the same way; the same method of correction based on position data was used on 
the charge resolution and yielded an average resolution of 1.5%fwhm down from an 
uncorrected value of 3.9%fwhm. The shorter shaping time used for quadrant two resulted in 
more noise due to the reduction in high frequency noise filtering. 
 From the resolutions it can be seen that the Farrar chamber has a comparable average 
charge and energy resolution to the McDonald chamber. The problems with the 
inhomogeneous field present in the Farrar chamber are rectified by the presence of the PGAC 
and additional range measurements not taken by McDonald. The same procedure also corrects 
the resolution of larger solid angle measurements so that there is no noticeable resolution 
degradation. The greater acceptance angle of the Farrar chamber makes it a better design due 
to its versatility in having a larger acceptance angle.  
 A paper from earlier in 1993 [7] explores a similar setup to the Farrar chamber but 
with a radial field. A large acceptance Bragg chamber is placed behind a PGAC and a 
115MeV 28Si beam is used to bombard a 68Zn target. The energy resolution is found to be 
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1.6% for this beam and target and the charge resolution is found to be 2.9%. Due to the very 
similar construction of these two chambers it can be seen that a longitudinal field has 
advantages in energy and charge resolution. Differences in the construction shall be seen 
later. 
 

Chamber Energy Resolution Charge Resolution 
McDonald 1% 1.5% 
Saha 1.6% 2.9% 
Farrar 1.1% 1.5% 

 
Table 2: Comparison of charge and energy resolution for large solid angle Bragg Chambers 
 
  
Bragg Chambers for ERDA Studies and Photonuclear Reactions 
 

More recently Bragg chambers have been used and tested for different analysis 
methods beyond scattering experiments and simple fission fragment identification. 
 A 1996 paper by A Tripathi et al [8] examines the use of a Bragg chamber for elastic 
recoil detection analysis (ERDA). This involves bombarding a sample with an ion beam to 
recoil the sample nuclei into a detector, in order to ascertain the sample composition. For a 
sample with several elements of similar masses, recoil energies overlap making identification 
by energy alone unfeasible. Identification using a Bragg chamber overcomes this problem. 
 This detector was constructed with a longitudinal field in a cylindrical tube. Signals 
were fed from the anode through two amplifiers with shaping times of 3μs and 0.5 μs to 
detect the total energy and charge measurements respectively. Initial tests were undertaken to 
determine the best shaping times and to judge energy resolution using alpha particles from a 
241Am source. An energy resolution of 1.5% was obtained from these tests.  
 The ERDA tests were carried out with a 170MeV Ag beam on a Fe-Cu layered 
sample on a float glass substrate and also on a Na doped conducting polymer film. The beam 
and target were chosen so that the recoils would have energies sufficient enough to form 
Bragg peaks. From these tests the peak charge resolution obtained is 2.9% for the Na doped 
film. The smallest impurity detected for the sodium setup was 0.08 atomic percent. 
 The use of the Bragg chamber for ERDA analysis can be said to be reasonably 
successful, with a high charge resolution that is worse than that from Bragg chambers used 
more traditionally but of an acceptable level of efficiency for ERDA studies. As with most 
Bragg chambers, the charge and energy resolution is significantly lowered for nuclei with 
Z>25. This limits the effectiveness of Bragg chambers for experiments involving heavy 
recoils. 
 Another more recent use of a Bragg chamber is in detecting light ions from 
photonuclear reactions. The chamber examined for this purpose in this review is that built by 
A.A. Kotkov et al. in 1998 [9]. This chamber had a large acceptance angle and was used in 
conjunction with a PPAC to provide more accurate and faster timing information. The PPAC 
and Bragg chamber were built into the same housing and shared a common cathode in order 
to reduce the energy loss of particles entering the chamber. A problem with this was in 
finding operating voltages that allowed high efficiency of detection for the Bragg chamber 
and the PPAC, as the voltage was applied to the common cathode, with the anode kept at 
ground. Calibration with alpha particles was undertaken successfully to obtain operating 
voltages that would give satisfactory performance for both detectors, with the plateau at 
which the PPAC experienced 100% efficiency of detection being of an adequate value for 
operation of the Bragg chamber so that all electrons were collected at the anode in an 
acceptable timeframe of 7μs. The collection of the charge signal from the chamber was 
effected using a spectroscopic amplifier with a collection time of 0.5μs. The range was 
obtained using a “start” signal from the PPAC and a stop from the Bragg anode. By fitting 
this data to stopping power tables the energy of the ionising particle could be obtained.  
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 For the experiment, a photon beam was fired at a 3375μg/cm2 Al target. This resulted 
in the production of photoexcited protons and alpha particles entering the chamber. These 
were detected with an energy resolution of 2% and a charge resolution of 4%.  
 While the charge and energy resolution are not as good as previous chambers 
examined the light nature of the particles examined and their small number of species make 
this less problematic. With regards the energy resolution, although it is worse than most 
Bragg chambers used for traditional uses it should be noted that this chamber will work for 
reactions with energies of around 0.5MeV/u, about as half as energetic as the limit for early 
Bragg chambers. This can be attributed to the additional timing data provided by the PPAC 
and shows the value of combining Bragg chambers with other detectors.  
 Bragg chambers continue to be important to this day. Advances in analysis of the 
Bragg curve and in the electronics have improved the resolution of the results obtained but the 
basic construction of the simple longitudinal Bragg remains the same. For a chamber built for 
the use of the University of Sao Paulo in 2000, the same construction was used as that laid out 
by Gruhn. A longitudinal field was applied in a cylindrical parallel plate detector with the 
electric field kept constant by a resistive chain linking 12 titanium ring shaped inserts. To test 
the independence of the charge signal to the energy of the ions beams of 36Cl and36S were 
unfocused and directed towards the chamber. Results show a good separation of these 
elements and the peak resolutions detected for the Cl beam are 0.38% for energy and 1.3% for 
charge. This improvement in performance can be attributed to the directionality of the beam 
eliminating, in large part, range and angle straggling and the improvement in the timing 
resolutions provided by the electronics. The level of calibration that could be undertaken with 
the voltage, pressure and electronic of the system also give it an advantage over earlier 
systems, explaining the increased effectiveness of this chamber. 

 
Electronic Configurations 
 

The electronics used to receive and analyse the anode signal are an important part of 
the Bragg chamber as they ultimately determine the output. Gruhn’s initial method requires 
the digitization of the pulse to improve resolution for the charge and energy analysis. The 
Gruhn prototype achieves this using a Lecroy waveform digitizer (WFD) before storage on 
magnetic tape. Data for the Bragg curve for all ions passing through the chamber are thus 
obtained and analysed offline.  

A 1982 paper by Asselineau et al. [82] provides an electronic setup based directly on 
the Gruhn method. This experiment provides a proper test of the Gruhn method beyond the 
prototype chamber. A preamplifier is built within the detector body to ensure a short 
connection with the anode and minimise coupling. The signal is then fed to an amplifier with 
a gain of 100, then to a WFD. A problem present in the use of a WFD is the high amplitude of 
signals required to obtain a reliable digitized output, the WFD is thus unsuitable for particles 
that provide a smaller level of ionisation. Baseline drifts in the output also occur due to drifts 
within the electronics. These drifts are not consistent; the method used to correct the drift in 
the Asselineau paper takes the average of 40 baselines of the WFD without any input and 
assumes this to be the true baseline. This assumption could result in the baseline being 
skewed to its true value and have knock on effects to the Bragg peak location and charge 
resolution. For the setup used by Asselineau the WFD also adds 1% to the value of the 
resolution 

An example of a different method of obtaining the anode signal is used by Schiessl et 
al at Munich in 1981 [81]. The method of obtaining the information from the signal is the 
same as that detailed from Gruhn but two amplifiers are used to obtain separate information 
on the charge and energy of an ion. Sampling of a signal for calculation of the energy of the 
ion can be undertaken using an amplifier with a time constant that allows sampling of charge 
accumulation for all the electrons created by the ionization. This will typically be in the 
microsecond range for a Bragg chamber of average size and will be longer than the flight time 
for all electrons to ensure all electrons reach the anode within this period. This results in the 
path length being known from which the specific energy loss can be integrated to give the 
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original energy of the ion. Conversely a shorter time constant is desired for an amplifier that 
is meant to sample the data only about the Bragg peak in order to calculate the nuclear charge. 
If a time constant for the charge amplifier that is too long is selected a dependence on ion 
energy of the Z number will be present, skewing the values of the nuclear charge obtained. 

The anode signal is initially passed through a preamplifier to boost it before it is split. 
The shaping constants used for the signals were 0.25 microseconds and 4 microseconds for 
the charge and energy measurements respectively. The signals are then stored online directly 
to the PDP 8/10 ONLINE system. Schiessl’s method does not digitize the waveform before 
analysis, but otherwise has a very similar method of analysis. This method is used in 
relatively modern chambers. Examples include the chamber designed for photonuclear 
reactions by Lund University and Petersburg Nuclear Physics Institute and designed for the 
University of Sao Paulo in 2000.  

An additional step was taken by McDonald et al for their chamber. The signal, after 
being passed through a preamplifier was split into three different channels. The first two 
signals were sent in to two amplifiers to obtain the energy and charge, in the same way as for 
Schiessl. The third signal was sent to a TAC (time to amplitude converter). The TAC was 
started by means of the initial combined signal being sent through a CFD (constant fraction 
discriminator). It was stopped by the by the zero crossing time of the bipolar output of the 
amplifiers; the amplitude of the output being equivalent to the range of the particle. All data 
was subsequently stored on magnetic tape for offline analysis. This method provides a means 
of measuring the ion range that is not subject to any particular mathematical approximation or 
fitting of the Bragg shape so for earlier experiments where more exact analysis programs 
were not available this provides a method more reliable than that used by Schiessl and Gruhn. 
With the improvement of algorithm and stopping data programs, however the Gruhn method 
has also come to have a high level of reliability. For later experiments two anode signals are 
more common when the Schiessl method is used. 

The table below indicates the electronic configuration used in all the papers 
considered in this review and compares the value to the resolution of the detector: 

 
Experiment Output Resolution 

(ΔZ/Z, ΔE/E) 
Basic Longitudinal Chambers   
Gruhn’s Prototype, 1979 Single output from anode to WFD - 
Schiessl et al, 1981 Dual output from anode to two amplifiers 

with different shaping time 
1.2%, 0.4% 

Asselineau et al, 1982 Single output from anode to WFD 2.7%, 0.8% 
Santos et al, 2000 Dual output from anode to two amplifiers 

with different shaping times 
1.3%, 0.38% 

Large Solid Angle Bragg 
Chambers: 

  

McDonald et al, 1983 Dual output from anode fed into two 
amplifiers with different shaping time, 
additional range and timing information from 
TAC 

1.5%, 1% 

Saha, Agarwal, Deshpande and 
Roy, 1993 

Dual output from anode fed into two 
amplifiers with different shaping times, 
PGAC used to provide additional range and 
energy loss information 

2.9%, 1.5% 

Farrar et al, 1993 Dual output from each segmented anode 
portion fed into two amplifiers with different 
shaping times. TAC provides additional range 
and timing information in conjunction with 
PGAC 

1.5%, 1% 

Bragg Chamber used for Dual Output from anode fed into two 2.9%, 1.5% 
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ERDA Studies, Tripathi et al 
1996 

amplifiers with different shaping times 

Bragg Chamber for light 
particle detection from 
photonuclear reactions, Kotov 
et al, 1998 

Dual output from anode fed into amplifier 
with short shaping time and as a stop signal 
on online range measurement 

4%, 2% 

 
Table 3: Output Signal Setup for all Papers considered in the review, with charge 

and energy resolution also displayed. 
 
Improvement on Schiessl’s method of signal extraction can be seen to be minimal 

with no large changes in resolution occurring. The use of a PGAC and TAC provides 
necessary additional information for the experiments that do not have high yields of electrons 
from ionisations, electrons moving in a direction misaligned with the field lines within the 
chamber or with varying drift velocities. 

Analysis of the anode signals has been vastly improved from the initial algorithms 
used by Gruhn. Improved data on stopping power of ions in matter such as that provided by 
software and coding such as SRIM (stopping range of ions in matter) improves interpretation 
of the signal. Mention of the method of analysis is sparse in the papers examined in this 
review and more research is necessary before conclusions of the effects of the different types 
of analysis have on the overall energy and charge resolution. 

 
 

Parameter Comparisons: 
 

The operating voltage across the chambers and the gas pressure determines the 
electron drift velocity and collection yield of electrons, hence, has a large affect on the data 
yield as a result. The limit of operation of the voltage is determined by the point where the gas 
starts to break down and also by effects such as noise from the power supply affecting adding 
errors onto the anode signal. All electric fields in the papers examined lie between 0.5 and 3.9 
V/torr.cm. The correlation between field strength and detector performance exclusively is 
negligible. 

The gas in a Bragg chamber will ideally have a high stopping power and be able to 
hold a large electric field. With these assets a higher electron drift velocity can be achieved 
and a lower pressure can be used, limiting electron recombination and improving data 
collection rates. Also more energetic and heavier particles can be used for testing, as the high 
stopping power can allow them to stop within the detector geometry. A small number of 
widely available gases are suitable for use in Bragg detectors and, as can be seen from this 
review no changes have been made in this area as time has progressed. All the gases below 
have high stopping powers and are able to hold high electric fields. The table below shows the 
gases used for the chambers mentioned in this review: 

 
 
 

Detector Gas 
Schiessl  1981 P-10 
Asselineau  1982 Isobutane 
McDonald  1983 P-10 
Saha  1993 Isobutane 
Farrar  1993 P-10 
Tripathi  1996 Isobutane 
Kotov 1998 n-pentane 
Santos 2000 P-10 
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Table 4: The gas chosen to fill the detector body for each of the papers examined in 
this review 

As with the gases the construction of the detector window has not been drastically 
changed since the inception of the Bragg chamber. All chambers with the exception of the 
1993 radial, large acceptance Bragg chamber have had aluminized Mylar windows of 
between 1.5 and 2μm thickness. Aluminized Mylar allows for a good transmission of particles 
passing into the chamber from the target while maintaining a seal at the chamber entrance. 
The polypropylene used for the 1993 chamber has much the same properties. 

The Frisch grid is an essential part of all Bragg chambers to remove the distortion of 
the anode signal from the positive charges moving to the cathode. The table below compares 
the composition of the Frisch Grid compared with its screening efficiency: 

 
 
 
 
 
 
 
 
 

Chamber Cathode 
to Grid 
Distance 
(cm) 

Anode to 
Grid 
Distance 
(cm) 

Wire 
Material 

Wire 
Diameter 
(μm) 

Wire 
Spacing 
(mm) 

Grid 
Inefficiency 

Schiessl  
1981 

16 1 Copper-
Beryllium 

50 1 - 

Asselineau  
1982 

22.5 0.5 Copper 150 0.8 1.5% 

McDonald  
1983 

23 1.5 Tungsten 38 0.625 1% 

Saha  1993 22 1.9 Phosphor, 
Bronze 

75 1.27 1.8% 

Farrar  
1993 

40 1.91 Silver 
plated 
Copper-
Beryllium 

254 1.27 0.7% 

Tripathi  
1996 

23 1.5 Nickel No 
information 

No 
information 

- 

Kotov 
1998 

11.5 0.5 Stainless 
Steel 

25 0.5 2.9% 

Santos 
2000 

15.5 1 Gold 
coated 
tungsten 

20 1 1.7% 

 
 
 
Table 5: Frisch Grid Compositions and the related screening inefficiency 
 
As can be seen from the table many different types of metal can be used for grid 

chamber construction as long as a metal with reasonable electrical conducting abilities is 
selected. The balance for a good Frisch grid for a Bragg chamber is in allowing a high rate of 
electron transmission while screening to a high degree the positive charges heading towards 
the cathode. Large angles of incidence on the grid will heighten inefficiency. Due to this the 
Frisch grid configuration used by Farrar can be said to be the best available as this has the 
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maximum screening efficiency from the above grids despite being a constituent of a large 
solid angle chamber. The resolution for the Farrar chamber is also better than many simpler 
chambers, indicating that the high level of screening does not impede large numbers of 
electrons.  

 
 

Conclusion: 
 
The range of papers examined in this review show the consistently high energy and charge 
resolutions obtained through the use of Bragg chambers, proving its utility as a spectroscopic 
tool. The versatility of the chamber is evidenced by the wide range of configurations 
observed, such as radial field and large acceptance chambers and configurations involving the 
Bragg chamber as part of a larger detector array. All configurations of detector give values of 
resolution that provide useful data when compared to similar measurements taken by other 
detectors. Innovations such as segmented anodes, that cause small distortions while providing 
more accurate event by event data, can be counteracted by using other detectors in 
conjunction with the Bragg chamber. The ultimate strength of the Bragg chamber lies in its 
intrinsically high charge and energy resolution, as well as its versatility in providing this 
information in conjunction with other detectors, to provide highly accurate data of ionisation 
processes. 
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