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a b s t r a c t

Lifetime techniques are applied to diverse fields of study including materials sciences, semiconductor
physics, biology, molecular biophysics and photochemistry.

Here we present DDRS4PALS, a software for the acquisition and simulation of lifetime spectra using
the DRS4 evaluation board (Paul Scherrer Institute, Switzerland) for time resolved measurements and
digitization of detector output pulses. Artifact afflicted pulses can be corrected or rejected prior to
the lifetime calculation to provide the generation of high-quality lifetime spectra, which are crucial
for a profound analysis, i.e. the decomposition of the true information. Moreover, the pulses can be
streamed on an (external) hard drive during the measurement and subsequently downloaded in the
offline mode without being connected to the hardware. This allows the generation of various lifetime
spectra at different configurations from one single measurement and, hence, a meaningful comparison
in terms of analyzability and quality. Parallel processing and an integrated JavaScript based language
provide convenient options to accelerate and automate time consuming processes such as lifetime
spectra simulations.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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If available Link to developer documentation/manual a readme.md file can be found on github:
https://github.com/dpscience/DDRS4PALS/blob/master/README.md

Support email for questions danny.petschke@uni-wuerzburg.de

1. Introduction and significance

Over the last decades, lifetime-based spectroscopy techniques
have become established methods in the fields of life and mate-
rials sciences.

In biomedical studies, fluorescence lifetime spectroscopy (FLS)
and imaging techniques, such as fluorescence lifetime correlation
spectroscopy (FLCS) or fluorescence lifetime imaging microscopy
(FLIM), are powerful tools to elucidate the intra and intermolecu-
lar dynamics of protein activation, interaction and diffusion [1,2].
The fluorescence lifetime is a measure of time a fluorophore
spends in the excited state before relaxation into the ground state
by emitting a photon.

In positron annihilation lifetime spectroscopy (PALS) the life-
time of an antielectron (positron) is directly measured through
gamma rays accompanying its creation (e.g. from a β+ decay
at 22-Na) and annihilation with an electron. This method pro-
vides a powerful technique for non-destructive microstructure
investigations in a broad range of material classes from met-
als [3–8] and semiconductors [9,10] to polymers [11,12] and
porous glasses [13,14]. The characteristic lifetimes are highly
sensitive to the kind and size of atomic like defects (e.g. vacancies
or nanometer-sized pores) ranging from approximately hundred
picoseconds to a maximum of 142 nanoseconds.

Nowadays, a classical lifetime spectroscopy setup (FLS, PALS)
consists of photomultipliers or photodiodes (e.g. APD), which
serve for the detection of single photons representing the start
and stop events, and a digitizer for the time resolved acquisition
and digitization of the corresponding output pulses.

However, in the positron community, the transfer from con-
ventional analog NIM (nuclear instrument modules) electronics
to digital acquisition systems, such as the here employed DRS4
evaluation board (hereafter called DRS4-EB), is not consequently
implemented regardless to its great benefits in terms of spectra
quality and analyzability as first demonstrated in the 2000th [15–
19]. Moreover, the advantages of using digital setups for the
method of PALS includes configurations and adjustments easily
managed by software:

• corrections and filters can be applied on the acquired (and
digitized) detector output pulses prior to the generation
of the lifetime spectrum → exclusion of odd or false–true
events from the lifetime spectrum,

• configurations can be (re-)stored, which allows setup and
data reproducibility,

• time consuming adjustment processes on the analog NIM
electronics are completely dispensable.

The here presented software DDRS4PALS1 (v1.08 [20]) allows to
take advantage of the above stated benefits by using digital setups
based on the DRS4-EB provided by the Paul Scherrer Institute (PSI,
Switzerland) [21–23]. The first PALS application employing the
DRS4-EB in combination with a self-written software tool called
QtPALS was first shown by Petriska et al. in 2014 [24]. To the
best of the authors knowledge, the DRS4-EB has not yet been
applied to fluorescence lifetime spectroscopy setups. However, at

1 Explanation of abbreviation DDRS4PALS: The first ‘D’ stands for the initials
of the first authors forename, DRS4 for the DRS4-EB and PALS for positron
annihilation lifetime spectroscopy as this software was generally developed on
this technique.

this stage DDRS4PALS can be easily applied for FLS as conventional
setups use photomultipliers and/or photodiodes for the detection
of the photons similar to the technique of PALS.

This publication of DDRS4PALS should bring wider adoption to
the positron community of using digital setups for the method of
PALS as this software provides a user-friendly graphical interface
(GUI), which allows to easily manage all setup configurations and
settings related to the acquisition process. Therefore, we give a
detailed description of the internal software functionality and
the applied algorithms to provide full transparency regarding the
pulse acquisition and subsequent spectra generation.

2. Software features & functionalities and requirements on
the hardware

• Requirements on the hardware

DDRS4PALS is written in C++ using the Qt-framework [25]. Basi-
cally, this software is designed for the acquisition (and simula-
tion) of lifetime spectra using photomultipliers or photodiodes
arranged in a two-detector (2-D) setup for the detection of the
start and stop photons, and the DRS4-EB for the time resolved
measurement and subsequent digitization of the respective ana-
log output pulses.2 The time differences, i.e. the lifetimes, which
form the resulting lifetime spectra, are calculated from a pair of
output pulses that coincide within a defined time frame (called
sweep hereafter). The accurate timing points of the output pulses
are determined on the rising edge by applying the constant
fraction (CF) principle, which is preferably used on signal shapes
having a constant rise time at varying pulse heights (see 2.1).
Furthermore, an overall readout range of ±500 mV on the analog
inputs (Chn1 & Chn2) of the DRS4-EB is required (see footnote 2).

• Software modii: acquisition (online) & simulation (of-
fline) mode

As illustrated in Fig. 1, DDRS4PALS provides two modii: the (1)
acquisition and the (2) simulation & pulse analysis mode (hereafter
called simulation mode). In the acquisition mode, a connection
to the DRS4-EB is required (online). Here, the lifetime spectra
are either directly generated from the acquired output pulses
using a certain software configuration file (Table 1) or, instead,
the raw output pulses are streamed (uploaded) on an external
hard drive without considering any corrections or filters (see 2.2).
Subsequently, the recorded output pulses can be downloaded
in the simulation mode (offline) as if they were acquired in the
acquisition mode. This allows the generation of various lifetime
spectra at any time by applying different software configura-
tions, i.e. settings on a single measurement and, moreover, a
meaningful comparison in terms of analyzability and quality is
provided (see 3). Once a reasonable software configuration was
determined in the simulation mode, it can be used for the sub-
sequent measurements in the acquisition mode. Furthermore, this
mode provides the simulation of lifetime spectra based on real-
istically modeled detector output pulses by using our previously
released library DLTPulseGenerator [27–30]. A xml file serves as

2 For further details regarding the setup requirements in combination with
DDRS4PALS for studies which use the method of positron annihilation lifetime
spectroscopy (PALS), we refer to our recent publication [26].

https://github.com/dpscience/DDRS4PALS/blob/master/README.md
mailto:danny.petschke@uni-wuerzburg.de
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Table 1
DDRS4PALS file formats.
File description File extension

Software configuration *.drs4LTSettings
Output pulse pair stream *.drs4DataStream
Simulation input file (DLTPulseGenerator library) *.drs4SimulationInputFile
Script file *.drs4Script

simulation input file (Table 1), where each tag and correspond-
ing element refers to the name and physical meaning of the
parameters as described in the related publications (e.g. <rise-
time-in-ns>5</rise-time-in-ns> sets the rise time of the output
pulse to five nanoseconds).

DDRS4PALS has implemented the DRS4 API provided by the
Paul-Scherrer Institute (PSI, Switzerland) for accessing the func-
tionality of the DRS4-EB [31]. Thus, for further information on the
hardware-based configurations, such as the trigger functionality
(logic, level, delay) or the sampling frequency (sweep), we refer
to the manual of the DRS4-EB [22,23]. Note, even though these
parameters are stored in the software configuration file (Table 1),
they cannot be adjusted afterwards in the simulation mode.

The following sections give an insight to the main function-
alities of the most relevant features provided by DDRS4PALS.
However, several additional features, whose detailed description
is not part of this publication, are available:

• ASCII export of the acquired output pulse pairs,
• ASCII export of output pulse pairs, which generate a certain

part (lifetime region) in the lifetime spectrum,
• pulse height spectrum (PHS) for energy discrimination of

the detected photons: a window describing a defined en-
ergy region can be assigned to distinguish the detected
output-pulse as being a start or stop event,

• region-of-interest (ROI) within the sweep: sampling points
outside this ROI are not considered for the pulse analysis
and lifetime calculation,

• online approximation of the instrumental response (IRF) by
fitting a single Gaussian distribution function on the left side
of the lifetime spectrum,

• persistence plot of the output pulse pairs, whose time differ-
ences (lifetimes) are part of the resulting lifetime spectrum,

• DRS4-EB temperature control/logging,
• inline calculator

A description and example for the process automation using the
integrated scripting functionality can be found in the supplemen-
tary (Appendix A).

2.1. Constant fraction (CF) principle for accurate timing determina-
tion

As shown in Fig. 2, the sampling points on the rising edge (red
points) are spline interpolated (blue curve) prior to the deter-
mination of the exact timing point by applying the CF principle.
Therefore, DDRS4PALS allows to select one of five interpolation
types: (1) linear, (2) cubic, (3) Akima, (4) Cutmull-Rom and (5)
monotone. The algorithms of the non-linear interpolation types
(2–5) are provided using the ALGLIB library [32] internally.

The voltage of a given CF level (e.g. 30% in Fig. 2) is cal-
culated from the pulse height (amplitude) with respect to the
zero baseline (see 2.2.1). In case of a linear interpolation (1),
the timing point tCF is directly determined by a straight line
obtained by the upper ti+1 and lower ti adjacent sampling points
(Fig. 2). However, in case of a non-linear interpolation (2–5),
N equidistantly arranged intermediate steps (see Fig. 2a, combo
box: ‘Number of Render Points’) are inserted on the time axis in

between the upper (ti+1) and lower (ti) sampling points (Fig. 2c).
This allows to vary the approximation level, i.e. the render depth
of the spline curvature and, moreover, to adjust the precision of
the accurate timing point in between two neighboring sampling
points.

If the rising edge consists of enough sampling points to clearly
represent the true output pulse shape, as shown in the case
in Fig. 2a (1024 sampling points/cells at 5.12 GHz), a linear
interpolation (1) is almost sufficient. However, the non-linear
interpolations (2–5) should be applied in the case of slow sam-
pling speeds (e.g. 1024 sampling points/cells at 1–2 GHz) in
combination with output pulses having very short rise times
(1–5 ns).

2.2. Corrections and filters on the acquired detector output pulses

To assure the generation of high-quality lifetime spectra,
DDRS4PALS provides several corrections and filters, which can
be applied to reject artifact afflicted output pulses or multiple
occurrences of output pulses within the readout range (sweep)
prior to the lifetime calculation. Two general types of filters are
provided: (1) intrinsic filters, which cause modifications on the
original waveform (see 2.2.1 and 2.2.2) and (2) external filters,
which are based on specific properties of the waveform such as
its area (see 2.2.3) or shape (see 2.2.4). As soon as an intrinsic type
filter is activated, the external filters are based on the properties of
the modified waveforms. Multiple external filters applied behave
in OR logic, meaning that the output pulses are already rejected,
if only one of the filters is valid (e.g. area == true OR shape ==
true).

2.2.1. Correction of the baseline-offset jitter and baseline filter
By activating the baseline correction, the offset-jitter is cor-

rected/shifted to one set baseline value (see Fig. 3a, combo-box:
‘Baseline’), e.g. the zero baseline (0 mV). The offset value is
calculated by averaging a defined cell region (sampling points)
fixed within the sweep (see Fig. 3a, combo-boxes: ‘Start-Cell’ and
‘Cell-Region’). To assure a constantly stable timing determination,
this correction is mandatory since the CF level is always calcu-
lated with respect to the zero baseline (see 2.1). Additionally,
the acquired output pulses can be filtered regarding the jitter
magnitude, i.e. the deviation between the calculated and the set
baseline value (see Fig. 3a, group-box: ‘Baseline Filter’). Thus, out-
put pulses having offset values exceeding the maximum allowed
deviation relative to the set baseline value are discarded (see
Fig. 3a, blue shaded box). The value for the max. deviation is given
in percentage [%] of the absolute value of the overall readout
range (±500 mV).

2.2.2. Removal of spike-like artifacts: median filter
As shown in Fig. 3b, spike-like artifacts, which originate from

USB cross talks, may occur frequently in the acquired waveforms
(Fig. 6a) [22,23]. As those spikes might cause an incorrect tim-
ing determination (see 2.1), especially when occurring in the
rising edge region, they should be clearly eliminated by apply-
ing the median filter. This filter replaces the sampling points
by its calculated median value within the defined window size
(see Fig. 3b, combo-box: ‘Window-Size’). Obviously, a window
size of five sampling points is sufficient to remove all occurring
spikes without significantly modifying the waveform, as applied
in Fig. 3b.

Note, the window size should be an odd number as the median
can be then simply defined by its middle value of the sorted
entries, whereas an even number could lead to more than one
possible median value.

We used the fast algorithm of the 1D median filter by Sergejus
Zabinski [33].
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Fig. 1. Schematic overview of DDRS4PALS: Two modii are provided: the (left) acquisition and the (right) simulation & pulse analysis mode. The acquisition mode (or
online mode) requires a connection to the DRS4 evaluation board, whereas the simulation mode (or offline mode) can be used offline to generate lifetime spectra
from a previously recorded output pulse stream (external hard drive) or from a simulation input file (xml) using the DLTPulseGenerator library internally [27–30].

Fig. 2. Illustration of the CF principle on a linear and cubic spline interpolated detector output pulse: (a) The voltage values of the defined CF level (here 30%) are
calculated with respect to the zero baseline. (b, c) In case of a non-linear spline interpolation (blue curve), a defined number of equidistantly arranged intermediate
steps Nrender−points on the time axis can be inserted in between the upper ti+1 and lower ti sampling points enclosing the related CF level timing point tCF to provide
a more accurate rendering of the spline curvature.

2.2.3. Pile-up rejection: pulse area filter
DDRS4PALS provides a pulse area filter, which can be applied

as a software-based pile-up rejector, meaning that multiple oc-
currences of output pulses within the readout range (sweep)
of the corresponding triggered photon event can be detected
and subsequently rejected. Due to this, the contribution of life-
times resulting from uncorrelated start and stop events can be
significantly reduced.

As shown in Fig. 4a, the ratios of the output pulse areas
Apulse to the area of a fixed region-of-interest AROI (indicated

as ‘Normalized area’ on the vertical axis) are plotted upon its
corresponding pulse heights (horizontal axis). Therefore, areas
lying within a defined bounding box, adjustable by two straight
lines, which represent the upper (red line) and lower (green line)
limits, are accepted for the lifetime calculation, whereas outliers
are rejected.

Basically, the areas (Apulse and AROI) are calculated with re-
spect to the zero baseline within the defined region-of-interest
(ROI: [start cell:stop cell]). Thus, for fitting the area ratios Aratio
(Fig. 4a bottom, vertical axis) into the overall pulse height range
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Fig. 3. Intrinsic filters: (a) The baseline offset (-jitter) of the output pulses
can be corrected to one set baseline value, e.g. the zero baseline (0 mV). By
activating the baseline filter, output pulses having offsets exceeding a max.
allowed deviation from the set baseline value (given in % of 500 mV) are
rejected. (b) A median filter can be applied to eliminate spike-like artifacts in
the waveform data originating from USB cross talks, where the window size
represents the number of sampling points used to determine the median.

on the horizontal axis for visualization, an additional scaling
factor f indicated as ‘Normalization’ factor need to be adjusted.
Its relationship is given by

Aratio =
Apulse

fAROI
, (1)

where the input of the scaling factor (f) is expected in percentage
units [%]. Finally, the area ratios (Aratio) are discretized into a
given number of bins defined in the combo-box ‘Area-Binning
Cnt.’ (Fig. 4a, bottom).

2.2.4. Pulse shape filter
By activating the pulse shape filter, output pulses, which de-

viate significantly from an average overall pulse shape can be
excluded from the lifetime calculation. The average pulse shape
(Fig. 4b, red colored pulse) is calculated from a defined number
of recorded output pulses normalized by their amplitude and

then shifted relatively to each other that the timing point at the
maximum amplitude represents zero (0 ns) on the time scale.
The upper and lower bounding, represented by a fraction of the
standard deviation (see Fig. 4b, group-boxes: ‘Upper Level (UL)’
and ‘Lower Level (LL)’), are defined by two pulse-like hull curves
(Fig. 4b, blue colored pulses) enclosing the average pulse shape.
Therefore, output pulses are rejected if at least one sampling
point occurs outside the defined pulse shape bounding within
the defined region-of-interest (Fig. 4b, group-box: ‘Filter ROI’).
Optionally, a record scheme can be applied to consider out-
put pulses only in a defined pulse height region for recording
and subsequent calculation of the average pulse shape (Fig. 4b,
combo-box: ‘record scheme’).

2.3. Parallel computing: multicore threading

DDSR4PALS provides parallel computing to accelerate pulse
analysis and subsequent lifetime calculation by a factor of avail-
able CPU cores. This feature is of great advantage in the simulation
mode, whereas in the acquisition mode it provides no additional
benefit, since the lifetime efficiency is limited by the USB2.0
transfer rate of the DRS4-EB. As illustrated in Fig. 5, a defined
chunk of output pulse pairs is assigned to an idle CPU core for the
pulse analysis where, meanwhile, another chunk is acquired and
assigned to the next available idle CPU core. Once the analysis
is finished on the CPU cores, each generated lifetime spectrum
is merged into the resulting lifetime spectrum, which is visible
for the user. To take advantage of multicore threading, the chunk
size must be adjusted in the way that the ratio is well balanced
between the time, which is needed for the CPU core assignment,
and the time, which is needed to run the calculation.

The multicore threading functionality in DDRS4PALS is pro-
vided by the QtConcurrent module [34], which is part of the Qt
framework [25].

3. Illustrative example — positron annihilation lifetime spec-
troscopy (PALS) on pure iron (5N)

To verify the validity and functionality of DDRS4PALS, two PALS
spectra (three million counts) at different software configurations
(with and without filters/corrections applied, see Fig. 6), were
generated from one single measurement (stream on external hard
drive) obtained on pure iron (α-Fe-5N) by employing the identical
setup as detailed described in [26]. 22-Na with an activity of
25 µCi sealed in Kapton foil served as a positron source.

As illustrated in Fig. 6a and b, one can clearly see that by
comparing the normalized output pulses (top) and corresponding
lifetime spectra (bottom) of both applied software configurations,
a correction of the baseline as well as the elimination (or correc-
tion) of artifact afflicted output pulses is crucial. This significantly
improves the lifetime spectra quality and, finally, its analyzability
in terms of decomposing the true information, i.e. the character-
istic lifetimes τ and its contributions I (see Table 2), as already
shown elsewhere by Běcvář [36] and Běcvář et al. [37].

Basically, the shape of the lifetime spectrum is mathematically
described by a convolution of the instrumental response (IRF)
and a sum of exponential decay functions carrying the relevant
information.3 Hence, additional artifacts in the lifetime spec-
trum such as indicated on the left side (Fig. 6a, black dashed
rectangle) might be as well incorporated in the right-side re-
gion, even though they are not directly visible as they appear
blurred with the underlying exponential decays. Depending on

3 For further details regarding the underlying mathematical models, we refer
to the publications of the DLTPulseGenerator library [27–30] and references given
there.
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Fig. 4. External filters: (a) By applying the pulse area filter, pile-up events can be detected. Output pulses with areas outside the defined bounding box adjusted by
two straight lines (red and green) are rejected. (b) Output pulses, whose shape deviates significantly from an average pulse shape (red curve), determined from a
defined set of recorded output pulses, are rejected. A defined fraction of the determined standard deviation (blue curves) represents the upper and lower bounding
within the sampling points of the output pulses are accepted.

the degree/shape of these artifacts and the composition of the
lifetime spectrum, this may cause significant deviations in the
retrieved information (τ , I) with respect to the true values, es-
pecially when existent in lifetime spectra consisting of relatively

short characteristic lifetimes below (or close to) the FWHM of the
Gaussian approximated IRF and/or having multiple components
with characteristic lifetimes hardly distinguishable from each
other.
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Fig. 5. Basic workflow of the parallel computing option: Computationally expensive processes such as pulse analysis and subsequent lifetime spectra generation can
be parallelized by the number of available CPU cores (here 4). A defined number of output pulse pairs is assigned to the available number of CPU cores (N), which
calculate N lifetime spectra in parallel. Subsequently, the generated lifetime spectra are merged into the resulting lifetime spectrum visible for the user.

For the spectra analysis of high-purity, well annealed metals,
three characteristic lifetimes (τ ), originating from

• the bulk material (in this case α-Fe-5N),
• the 22-Na salt and the Kapton foil in combination,
• and the formed ortho-positronium (o-Ps)

are expected to be retrieved from the obtained lifetime spectra
(see Table 2).

By comparing Fig. 6a and b, the application of corrections
and filters on the detector output-pulses eliminates the left-sided
artifacts from the lifetime spectrum as can be clearly observed
from the disappeared deviations in the residual plot (see Fig. 6
bottom, black dashed rectangle), even though the differences in
the goodness-of-fit (χ2) indicate no significance. Depending on
the hardware site setup configurations and used electronic com-
ponents, those artifacts can appear more pronounced (especially
on the left side) as well-known from lifetime spectra acquired
with conventional setups consisting of analog NIM electronics
only.

Moreover, a considerable improvement of approximately 22%
can be noticed in the peak-to-background ratio (Table 2). This
clearly increases the feasibility of a more accurate and stable
lifetime spectra decomposition, particularly for low-contributed
longer characteristic lifetimes, i.e. those of the positronium (τ3/I3).
Hence, the more accurate extraction of the longest component
(I3/τ3) leads to a modification of the IRF’s effective FWHM affect-
ing the bulk (α-Fe) and positron source (22-Na) components. Due
to this, a significant shift can be noticed in the contributions of
the bulk (I1) and positron source (I2) components at the expense
of each other. Concerning the characteristic lifetime of the bulk
component (τ1), we are not able to state whether the shift tends
to more accurate values, since theoretical calculations show that
the characteristic lifetime of iron (α-Fe) ranges from 101 to 113 ps
depending on the applied computational method [38,39]. More-
over, both values lie nearly within its statistical uncertainties.

The nomenclature of describing influences on the spectra
shape as being artifact or background can be generally differenti-
ated by its origin: The background appears constantly distributed
over the time domain of the lifetime spectrum, since it is statis-
tically generated by uncorrelated events originating from falsely
assigned start and stop events mainly caused by: (1) Compton
scattering in the scintillation materials and (2) pile-up events,
meaning that more than one output pulse occurs in the read-
out range (sweep) of the corresponding detected photon. On
the contrary, artifacts are rather of systematic nature and can
result from misinterpreted pulses, for instance, due to a wrong
determination of the exact timing point caused by artifacts in the
detector output-pulses (cf. Fig. 6a, top).

Increasing the activity of the positron sources clearly leads
to a rise in the detection efficiency and, thus, to a reduction
in the time needed for the generation of the lifetime spectrum
(e.g. time-critical measurements). However, the higher activity
causes a natural drop in the peak-to-background ratio, since the
probability of detecting uncorrelated events significantly rises.
Hence, the application of filters, especially the area filter (see
2.2.3) becomes crucial to reduce the background contribution
of uncorrelated events stemming from pile-up events, whereas
the background contribution resulting from uncorrelated events
due to Compton scattering in the scintillation material remains
constant as it cannot be suppressed by software-based filters.

4. Impact and conclusion

As reviewed in detail by Istratov & Vyvenko [40], the decom-
position of multi-exponential decays and, therefore, that of life-
time spectra is well known to be inherently ill-conditioned [41].
The essential difficulties in the solution of this problem are due
to:

(i) incompleteness: the acquired data are only given partially
and, thus, approximate the lifetime spectrum over a finite range
in the time domain,
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Fig. 6. PALS on pure iron (α-Fe-5N): (bottom) Two lifetime spectra (three million counts) generated from one single measurement (stream on external hard drive)
and (top) a corresponding set of 200 normalized output pulses (a) without and (b) with baseline correction (2.2.1), median (2.2.2), area (2.2.3) and shape (2.2.4)
filters applied. The red line indicates the model fit with the parameters as given in Table 2 accomplished using DQuickLTFit v4.0 [35].

Table 2
Results of the PALS spectra obtained from one single measurement on pure iron (α-Fe-5N) without
and with corrections and filters applied (see Fig. 6). 22-Na sealed in Kapton foil served as the
positron source (τ 2/I2). The longest components τ 3 (I3) results from the lifetime of positrons,
which form hydrogen-like atoms (ortho-positronium) in between the source covering foil and
the source (22-Na) and in between the source covering foil and the sample. The analysis was
accomplished using DQuickLTFit v4.0 [34] with no restrictions on the fit parameters, i.e. fixed values.
The instrumental response (IRF) is approximated by a sum of two Gaussian distribution functions
(see footnote 3).

Without filters/corrections
applied

With filters/corrections
applied

τ1 : α-Fe 104.46 (1.27) ps 108.50 (1.06) ps
I1 : α-Fe 81.4 (0.4) % 83.1 (0.4) %
τ2 : source (22-Na) 353.76 (3.93) ps 362.80 (3.27) ps
I2 : source (22-Na) 18.11 (0.06) % 16.63 (0.05) %
τ3 : positronium 1831 (126) ps 2751 (217) ps
I3 : positronium 0.481 (0.005) % 0.301 (0.005) %
FWHMeff 241.60 (2.58) ps 235.39 (2.32) ps
peak-to-background ratio 3006 3667
X2

ν 1.037 1.015

(ii) noise: the acquired data are contaminated by noise and,
thus, are not known accurately.

This difficulty even remains existent for synthetically gener-
ated lifetime spectra (e.g. see [42]). Therefore, the acquisition
of high-quality non-artifact afflicted lifetime spectra must be
assured for a quantitative analysis. This can be realized using the
here presented software tool DDRS4PALS.

DDRS4PALS provides the generation of lifetime spectra using
the DRS4-EB for the time resolved acquisition and subsequent
digitization of the detector output pulses. Various filters and

corrections such as the baseline correction, median filter, pulse
area or shape filter can be applied on the output pulses prior to
the lifetime calculation. This is crucial for the generation of high-
quality lifetime spectra and, hence, for its true decomposition as it
eliminates artifacts present in the lifetime spectrum and, farther,
provides a significant improvement in the peak-to-background
ratio. We have demonstrated this by employing PALS on pure iron
(see 3). The raw output pulses can be streamed on an external
hard drive during the acquisition process (online mode) and
subsequently downloaded for the lifetime spectra generation in
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the offline mode. This allows the generation of various lifetime
spectra for different software configurations, i.e. settings on one
single measurement and, therefore, a meaningful comparison
among each other in terms of analyzability and quality.

Moreover, DDRS4PALS has integrated the DLTPulseGenerator
library, which provides the simulation of realistic lifetime spectra
based on detector output pulses by considering the most rele-
vant hardware influences [27–30]. Therefore, it can be used for
simulation purposes only, i.e. without being connected to the
DRS4-EB.
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