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Abstract

The scope of this work is to study the characteristics of BaF, and CeF; signals using fast digitizers, which allow the sampling of the
signal at very high frequencies and the application of the fitting method for analysis of the recorded pulses. By this procedure particle
identification and the reconstruction of pile-up events can be improved, while maintaining the energy and time-of-flight resolution as
compared to traditional methods. The reliability of the technique and problems connected with data acquisition are discussed with

respect to accurate measurements of neutron capture cross-sections.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

New concepts in nuclear technology for energy produc-
tion and radioactive waste transmutation [l] require
accurate neutron cross-sections for a large number of
isotopes, in particular for radioactive isotopes or for nuclei
with very small cross-sections. Precise data for neutron
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cross-sections are also necessary in nuclear astrophysics for
understanding the relative contributions of the rapid and
slow stellar neutron capture processes (known as r- and
s-processes) that dominate the production of heavy
elements in the universe [2]. In addition, accurate data on
neutron cross-sections are also crucial for nuclear structure
studies [3]. These interests have stimulated the development
or upgrading of pulsed spallation neutron sources at
many large-scale facilities or installations, specifically
at the CERN proton synchrotron (the n_TOF facility),
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the LANSCE facility in Los Alamos, the SNS facility in
Oak Ridge, and the J-PARC complex in Tokai, Japan.

The relevant parameters in neutron time-of-flight experi-
ments are the energy and time of the recorded events as
well as the possibility of performing particle identification
and pile-up correction. The large data rates typical of
experiments with very high instantaneous neutron fluxes of
powerful spallation sources often overstrain traditional
data acquisition systems. An effective solution to this
problem is to record the entire waveform of the detector
signal with fast digitizers [4] and to process this informa-
tion off-line.

Concerning the detectors, new 4w y-ray calorimeters for
the measurement of neutron capture cross-sections have
been completed at the n_TOF facility [5] and at LANSCE
[6], which are similar to the set-up in use at Karlsruhe [7].
The prompt y-ray cascade produced in neutron capture
reactions is detected in a segmented ‘‘soccer-ball” array
subtending the entire solid angle around the sample.
Although BaF, scintillator crystals have been used in all
these calorimeters, other inorganic scintillators such as
CeF; or BGO have been considered as well [7-9]. In
particular, CeF5; is a valid substitute to BaF, since it
produces faster signals [9], exhibits comparable efficiency
and is characterized by a smaller neutron sensitivity. The
scope of the present paper is to study the properties of
scintillation light (pulse shape) of heavy inorganic scintil-
lators read out with Flash Analogue to Digital Converters
(FADC) [10-14]. Emphasis is placed on the corrections for
pile-up and particle identification and on the comparison
of the energy and time resolution that can be achieved with
BaF, and CeF; crystals.

Following a brief description of the experimental set-up
and of the properties of BaF, and CeF; crystals in Section
2, the fitting procedure is described in Section 3, and the
results are presented in Section 4.

2. Experimental set-up

The size of the BaF, and CeF; crystals used in this work
are rather different. Therefore, different set-ups have been
employed in the measurements reported here. BaF, and
CeF; are attractive scintillators for neutron experiments
due to their high efficiency for y-rays and their relatively
small average neutron capture cross-sections. Their scin-
tillation properties are well known [9]. The light output of
both scintillators has two main components (Table 1). Due
to the shorter light component of 0.6ns, BaF, is better
suited for fast timing applications, whereas the long second
component complicates pile-up corrections (Fig. 1). Since
the scintillation light of BaF, is emitted in the UV, it
requires the use of expensive photomultipliers with quartz
windows, whereas the scintillation light of CeFj3 (Fig. 2) is
emitted in the visible. In addition, CeF5 has the advantage
of smaller neutron sensitivity. In this case, problems arise
from the rather poor light output (Table 1) and from the
difficulty to manufacture crystals larger than 100cm? in

Table 1
Scintillator properties [9]

Scintillator Density Light Decay Wavelength Light output

(g/em®) component time  (nm) (Photons/MeV)
(ns)
CeF3 6.16 Fast 3 300 200
Slow 27 340 4300
BaF, 4.88 Fast 0.6 180 1800
Slow 630 310 10,000
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Fig. 1. Top: Typical BaF, signals of y-rays and a-particles (solid curve)
recorded with a FADC. Bottom: Fit of the y-ray signal using the
convoluted function of Eq. (3) (dashed curve). The inset shows the fit of
the slow component with Eq. (1), illustrating the discrete sampling of the
FADC-channels. It has to be noticed that the 80% of the light yield is
produced by the slow component of the scintillation light (Table 1).

size. Finally, both scintillators contain traces of radio-
activity, in particular the radium isotopes ***?**Ra and
their daughters.

The present tests have been performed with a BaF,
crystal in the form of a 15cm long truncated regular
hexagonal pyramid with 5.58 cm side length at the base and
2.97cm at the top. This crystal was connected to an
Electron Tube photomultiplier 9921B [15] (for details see
Table 2). The anode pulses of the photomultiplier (PMT)
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Fig. 2. Comparison of a typical CeFj3 signal (solid thin curve) recorded
with a FADC and the fit with Eq. (2.1) (solid thicker curve) with the signal
processed with a Timing Filter Amplifier (TFA) (broader signal and
dashed curve).

Table 2

Characteristics of the phototubes [15-16]

Photo- Rise Pulse Transit Jitter Cathode Gain Quantum

multipliers  time width time (ns) diameter efficiency
(ns) (ns)  (ns) (mm) (%)

Photonis 24 38 23 L5 19 10*-107 25

XP1911

Electron 21 32 38 22 67 10°-10° 30

Tube 9921B

were directly fed into an Acqiris FADC model DC240 [4]
operated with a sampling rate of 1GigaSamples/s (GS/s)
and 8 bits dynamic range. Each signal was digitized in 3000
samples corresponding to a time window of 3 us. The data
were recorded and processed with a 500 MHz PC under
Windows NT.

The CeF; crystal is a block 4 x 4 x 5cm? in size coupled
to a Photonis XP1911 photomultiplier [16] with similar
properties as the Electron Tube model. The anode signals
were recorded with an Acqiris FADC model DP110 with
the same rate of 1 GS/s and 8 bits dynamic range. In this
case 400 samples per signal were sufficient because of the
shorter CeF; signals. For those tests, a Timing Filter
Amplifier (ORTEC Model 863) with integration constant
of 20 ns was used. The TFA is particularly useful to shape
the pulses so to optimize the signal-to-noise ratio especially
for timing measurements.

The results of this work refer to the data recorded with y-
ray sources of: 2%Na, °Co, "¥7Cs, and 238Pu/'3C. The data
used for particle identification, as discussed in Section 4.2,
were obtained with neutrons produced via the *Be(p,n)’B
reaction using 2.5MeV protons from the Van de Graaff
accelerator of INFN Legnaro and with a-particles from a
21%po source.

Concerning the data acquisition, commercially available
FADC [4] exhibit a maximum sampling rate of 5GS/s,
corresponding to time steps of 200 ps, and 8 bit dynamic

range (record length of 4 Megasamples or more), well
suited for the analysis of most nuclear physics experiments.
While the fast digital sampling techniques lead to a
significant reduction of conventional electronics, these
systems are demanding in terms of data storage and
computer power for analyzing large sets of data. The
important advantage of this approach is the possibility to
deduce all physical information contained in the registered
signals by repeated and refined off-line analyses. In
addition, dead time can be minimized down to few
hundreds of nanoseconds while it is much higher (~3 pus)
in traditional data acquisition systems.

Finally, all recorded data were transferred to an Athlon
1600 MHz PC and analyzed with the analysis package
ROOT-4.04 [17]. The routine used for the fitting method is
TMINUIT class, the C++ version of the Fortran code
MINUIT [18].

3. Data analysis

The advantage of using FADCs, i.e. the possibility of
preserving the entire waveform for repeated and flexible
data analysis, has to be traded with the need to store and to
handle a large amount of data. In this section, a general
approach to the analysis of FADC data and the applica-
tion of the fitting method is described to extract the most
accurate information and to reduce the amount of raw
data.

3.1. General analysis

In the first step of data analysis, real events should be
discriminated from noise and background. For the BaF,
signals shown in Fig. 1, the derivative method for noise
rejection is used. The points where the first derivative
changes from zero to non-zero values correspond to the
start, the peak, and the end samples of a signal. These
values allow the determination of the baseline, the pulse
height, and the total areca under the signal which is
proportional to the total charge collected in the photo-
multiplier. The baseline is calculated by averaging a given
number of samples preceding the signal (the so-called pre-
samples). Electronic noise and background events are
discriminated by a two-dimensional cut in amplitude and
area. It has to be noted that FADCs exhibit a small integral
non-linearity and occasional baseline drifts. Both features
need to be continuously monitored because they strongly
affect the results.

For CeF; signals, the analysis is performed analogously.
A typical CeF; signal is shown in Fig. 2 with and without
the shaping performed with a timing filter amplifier
(TFA). After the determination of the peak, the start and
the end of the signal are evaluated. Since the duration of
the CeF; signal is much shorter (300ns) with respect
to the BaF, one (see Figs. 1 and 2), it is more reliable
to determine the baseline by averaging the last 50 sam-
ples of each pulse. Noise and background are again
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Fig. 3. Distribution of the decay time of the slow component () in the
BaF, signal obtained with the fitting method using Eq. (1) (hatched
histogram) compared to fits with the convoluted function of Eq. (3)
(dashed line).

discriminated by applying a two-dimensional cut in
amplitude and area.

3.2. Fitting method

The main features of the fitting procedure are described
in the literature [10—14]. In particular in a similar study of
signals from liquid organic scintillators [10], we have
illustrated in detail the steps for the accurate determination
of the fit parameters. Therefore, the present discussion is
focused on the specific features of the BaF, and CeF;
analysis.

The time dependence of each light component can be
expressed by an exponential:

A;
Li() = = exp(—t/1;), (1)

where 7, is the decay constant of the light, A4, is
proportional to the light output (area of the signal), and i
is the label for the fast (f) or the slow (s) light component.
While this relation describes only the scintillation light, the
response of the photomultiplier has to be considered in a
realistic fit as well. In a first approach, the photomultiplier
is represented as an equivalent RC circuit coupled to the
scintillation light from the crystal [19]. For the case of a
single decay constant, the solution of the differential
equation for the circuit is:

L(t) = % exp[—(1 — t0)/7s] + ATR exp[—(r —19)/9]. (2.1)

For a two component scintillator one obtains corre-
spondingly:

10 = Lexp[~(t = /2] + 5 exp[~( = )]

+Ar exp[—(t — 19)/9], (2.2)

3

with 7, and ¢ denoting the decay constants, 3 the inverse of
RC constant, A, Ar, and Ay the relative light yields, and ¢,
the starting point of the fit interval.

The resolution effects of the photomultiplier (rise time,
jitter, and pulse width) are not completely taken into
account by Egs. (2.1) and (2.2). To reproduce in the best
way the signal in output, the most correct approach is to
convolute f{(¢), the function describing the scintillation light
coming from the crystal, with g(¢), the response function of
the photomultiplier. Provided that the photomultiplier
response to a light pulse is a Gaussian with variance o, and
that f{¢) has the same structure of Egs. (2.1) or (2.2), the
resulting signal is:

L(n = +oof(f)g(l —17)dr = i [ﬁexp(oz 1= lo)

_ =0 2‘Cl' 2‘[12 Ti

g t—1
xerfc<ﬁﬁ—ﬁa>], (3)

where the sum is performed over the number of light
components n plus the RC constant of the circuit, erfc is
the complementary error function, and A; are the relative
normalization constants, which satisfy the condition:

Ao=1- iA,—.
i=1

The assumption of a Gaussian response of the photo-
multiplier is very common and takes all effects of the light
detection and of the electronic multiplication process into
account [20]. Moreover, Eq. (3) is valid in the general case
of f(¥) having n light components and not only one as in
Eq. (2.1) or two as in the Eq. (2.2).

After the analytical function and the relative parameters
are identified, the whole data set is fitted using the least-
square method to extract the average value and the
uncertainty for each parameter. Up to six free parameters
can be used for the fitting functions in Eq. (3), but this
number should be reduced in order to stabilize the
solutions and to speed up the minimization procedure.
The best approach is to keep the well-known time
constants of the scintillation light fixed and to change only
the normalization constants, which are mainly determined
by the particle energy. If the procedure is working
properly, the extracted parameters have to be consistent
with the real physical quantities (i.e. with the decay
constants of the scintillation light and with the time
constant of the circuit). To select the best conditions for
the fitting procedure, we have compared the reduced
chi-square values

XZ

Lndr = N’
where N is the number of degrees of freedom. In the chi-
square determination, the uncertainity of the experimental
data is due to the electronic noise and therefore is assumed
identical for each sample. The time ranges used for the
different fitting functions are 2.5pus and 300ns for BaF,
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and CeF3, respectively. The chi-square tests have evidenced
that the fitting curves and relative parameters depend
mainly on the number of samples used in the interpolation,
on the starting point (zy), and especially on the number of
free parameters set in the equations. With the proper
choice of these quantities low chi-square are achieved and
the signals are well reproduced by the fits. At the same time
the parameters, extracted from the fit, have a reasonable
physical meaning.

3.3. BaF, signals

The fit of BaF, signals with Egs. (2.1) or (2.2) does not
converge because of problems related to the pulse height
resolution of the photomultiplier, to the dynamic range of
the FADC, and to fluctuations of the signal, especially
due to the detection of single photoelectrons. The fast
component of the scintillation light is strongly affected by
the resolution of the photomultiplier and by fluctuations,
while the slow component depends on the sensitivity of the
FADC. Therefore, the fast and slow components were
fitted separately. As illustrated in Fig. 1, satisfactory results
are obtained by describing the slow component with the
function of Eq. (1). The slow component of the scintillation
light (7,) was determined for the entire data set, yielding the
distribution indicated by the hatched area in Fig. 3. The
extracted average values and the uncertainties are given in
Table 3. The relative normalization constant was treated as
a free parameter and depends on the deposited energy of
the detected event.

The signals can also be reproduced by using the
convoluted function of Eq. (3) with two or three exponential
tails. The results are reasonable in both cases, but in the fit
with three exponentials the parameters of the second and
third components are almost identical. Since these para-
meters are strongly correlated, the convoluted two-expo-
nential function was preferred further on in the analysis
using the six parameters A, g, 3, ¢y, 75, and 4y. However, the
fit with six free parameters is time consuming and may not
always converge to the best solution [10]. The fitting
procedure was, therefore, stabilized by reducing the number
of free parameters. This was achieved by deriving average
values from the respective distributions and keeping them
fixed in the fits. An example is given in Fig. 3, where the 7 is
extracted via Egs. (1) and (3). By the same method the
parameters A, o, 3, and £y were defined as well, and, only 4,
was kept as a free parameter since it is determined by the

energy of the individual events. The average parameters,
listed in Table 3 are consistent with the nominal values of
the physical quantities (Table 1). Also the variance of the
Gaussian response (2.51 +0.91 ns) agrees well with the pulse
width expected from the characteristics of the photomulti-
pliers (Table 2).

3.4. CeF; signals

The CeFj; signals differ from the BaF, signals, partly due
to the properties of the emitted light (see Table 1) and
partly because of the characteristics of the photomultipliers
(the RC constant is larger see Table 3). For those reasons,
the fit using Eq. (3) does not yield accurate results.
Moreover since the XP1911 exhibits low quantum effi-
ciency, the signals show large fluctuations (Fig. 2). This
feature leads to problems in the determination of
electronic noise and other background. Therefore, the
CeF; signals were acquired with and without a TFA
with 20ns integration and zero differentiation constants
(Fig. 2). The fits were performed with the function
of Eq. (2.1) and using the same strategy as in the BaF,
case. The average values of the parameters obtained
in this way, are listed in Table 3. It can be noticed that
the time constant 3 depends on the integration constant
of the TFA and on the RC constant of the photomultiplier,
and is quite different with respect to the value determined
for BaF,.

In summary, the parameters extracted by the fitting
procedure are consistent with the physical quantities of
scintillators and photomultipliers. The fit of the fluctuating
data is definitively worse than the results obtained from the
smoothed signals, and time-consuming fits with a higher
number of free parameters are usually less accurate.

4. Results
4.1. Pulse height and time-of-flight

The pulse height and time-of-flight information are the
most important results of signal analysis in TOF measure-
ments. The area of the signal, which corresponds to the
total charge, is related to the pulse height and can be
calculated either by summing the digitized wave form
sample by sample or by reproducing the wave form
analytically by means of the fit function. The correspond-
ing results are compared in Fig. 4 for the exponential and

Table 3

Parameters extracted from the fitting functions

Signal Fit function ty (ns) g (ns) 3 (ns) Ay 75 (ns)
BaF, Eq. (1) — — — 638430
BaF, Eq. (3) 100+4 2.51+0.91 4.72+0.54 0.82+0.02 612440
CeF; (no TFA) Eq. (2.1) 1742 214434 7926 +964 20.6+5.1
CeF; (with TFA) Eq. (2.1) 16+1 50.1+3.3 107410 23.6+1.0




S. Marrone et al. | Nuclear Instruments and Methods in Physics Research A 568 (2006) 904-911 909

1.05 T T T T T

®Eq. (1)
0.85 4 .
N AEq. (3) |
0.8 | | | | |
500 1000 1500 2000 2500

INTEGRATION INTERVAL (ns)

1 T T T I —
095 [~ -
09 -
~
~N - -
L A
085 [~ B -
- O TFA .
08 [~ & Ano-TFA 7
0.75 | | | |
150 200 250 300

INTEGRATION INTERVAL (ns)

Fig. 4. Ratio of the signal areas obtained by summing the FADC samples
(Lo) and by the respective fitting methods (L) for BaF; (top) and CeF;
(bottom) as a function of the integration interval. For the CeF; data, the
fit is performed with Eq. (2.1).

convoluted fit functions and for different integration
intervals. It is obvious that the integration range has to
be chosen properly for reproducing the signal area and that
the exponential fit function works better than the
convoluted solution of Eq. (3). Moreover, the signal area
determined via the fit functions appears to be system-
atically lower than the areas obtained by integration. This
holds both for BaF, and for CeF; and seems to be
correlated with the sampling properties of the FADC and
with the structure of the electronic noise.

The linearity of the FADC was tested by using a set of
radioactive sources (**Na, °°Co, '*’Cs, and 238Pu/ 13C). At
low counting rates of <100 events per second the integral
non-linearity was found to be less than 1% [21], probably
due to baseline shifts [22-24]. The effect of the sampling
rate on the energy resolution of the BaF, crystal was
investigated between 100 MegaSample/s and 1 GS/s using a
®0Co source. The results (Fig. 5 and Table 4) confirm
that a high sampling rate is necessary to achieve good
energy resolution and that the fitting method is clearly
superior in this respect. At 1GS/s and using the fitting
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3000 fetm, F T
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Fig. 5. Energy spectra of a BaF, crystal measured with a *°Co source at
sampling rates of 100 and 500 MS/s. The dashed curves are fits of the
histograms with a sum of two Gaussian terms plus a third degree
polynome representing the background. The energy resolution (see Table
4) is obtained averaging the values of both peaks.

Table 4
Energy resolution of a BaF, crystal obtained with different analysis
methods™

Sampling rate Resolution with Resolution with fitted

(MHz) measured integral (%) integral (%)
100 15.3 15.0
200 13.2 12.1
500 13.0 10.9

1000 12.7 10.8

*Measured with a ®°Co source and averaging the resolution values of
both peaks.

method the energy resolution is comparable with the
performance of a standard ADC [7], whereas it falls short
by 40% at 100 MS/s. A detailed study of the energy
resolution as function of the y-ray energy is performed in
Ref. [21].

The time-of-flight resolution is also directly correlated
with the sampling rate [23-25]. At typical rates of 500 MS/s
or 1GS/s, the resolution is 2 and 1ns per sample,
respectively, but can be improved by means of the fitting
method. The time resolution that is achieved with
conventional electronics can be met only with higher
sampling rates of 5GS/s. However, since the resolution in
neutron energy is dominated by the time spread of the
primary beam and especially by the uncertainties in the
flight path [23-25], the use of FADCs is adequate in most
neutron capture experiments as demonstrated in Ref. [26].
A more accurate assessment of the intrinsic time resolution
of FADCs would require a dedicated study that is outside
the scope of this paper [25].

Analysis of the CeF; signals with the fitting method
showed that the additional integration by the TFA helps
to improve the performance considerably (Fig. 5). This
confirms that the fitting procedure can be reliably applied if
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the signals do not show strong fluctuations, noise or other
instabilities. Given the small size of the present CeF;
crystal, a detailed study of the energy resolution appears
premature, since the resolution may strongly depend not
only on the number of photoelectrons but also on the
dimensions of the crystal, the choice of the photomultiplier,
and the characteristics of the TFA. A comparison with
BaF, will be more useful when comparably large crystals
become available.

4.2. Particle identification

The main background in measurements with heavy
inorganic scintillators is due to y-rays, which are produced
by neutrons scattered in the sample and captured by the Ba
or Ce isotopes of the scintillator. This y background can
only be discriminated via differences in the sum-energy of
the respective y cascades [8].

A minor, but not negligible contribution to the
background in BaF, crystals is due to a-decay of the
radium impurities and of their daughters. These signals
differ from vy-induced events by the absence of the
fast component (Fig. 1). The most common procedure
for o/y discrimination is achieved by plotting the
pulse duration, defined as the time above threshold,
versus the ratio of the fast (Lg,s) over the slow (Lsiow)
component of the scintillation light (Fig. 6). Particle
identification via the fitting method is straightforward as
discussed in Ref. [10] and equally efficient with respect to
the previous approach but rather time consuming and,
therefore, not suited for the analysis of a large amount of
raw data.

Finally, we did not observe any neutron signal in the
measurements performed with the neutron beam. Espe-
cially for neutron energies below 300keV, the neutron
reactions (elastic, inelastic and capture) inside the crystals
produce either typical y-ray signals or neutron signals
below the threshold.

220
200
. 180
o-particles - ‘ 160
140
120
100
80
60
40
20

PULSE DURATION (a.u.)

LFa.vt /LSI(IW

Fig. 6. Signal length (defined as the time above threshold) versus the ratio
of the fast and slow component. The o-particles are emitted from a >'*Po
source.
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Fig. 7. Ratio of the areas of the simulated pile-up event and the fitted
value as a function of the time separation between two BaF, signals.

4.3. Pile-up events

The possibility for resolving pile-up events was investi-
gated by arbitrarily summing two randomly chosen BaF,
signals sample by sample with different time shifts between
the signals. The minimum distance for a correct resolution
of the two pulses was then evaluated with respect to the
peak position. The first pulse was reconstructed by a fit of
the time interval before the start of second pulse. The
reconstructed tail of the first pulse was then subtracted
from the pile-up signal to isolate and to fit the second pulse.

This procedure was checked by comparing the areas of
the reconstructed pulses with the original ones (Fig. 7).
A good reconstruction of the two signals is obtained for
time differences larger than 500 ns.

For CeF; the pile-up problem is less stringent because of
the shorter signals. In principle, the same procedure can be
applied for obtaining the corresponding corrections.

4.4. Data processing

The amount of data produced by FADC systems is huge
and increases almost linearly with the counting rate. Apart
from the computer time required for acquisition, transfer,
and storage of the data, the time required for processing
the raw data hampers a quick analysis during the
experiment as well as the repeated processing of the entire
data set. Quantitative estimates of the acquisition rate in
typical n_TOF experiments and a description of suited
hardware techniques to reduce the amount of data can be
found in Ref. [27]. In this context, the fitting method
provides a viable tool for fast data processing, since each
signal can be characterized with only a few parameters. The
raw data need to be processed only once to create the data
stream tapes containing the most relevant information such
as particle type, charge, time-of-flight, etc.

The CPU time required per signal has been measured for
the general analysis method described in Section 3.1 and
for the fitting method using Eq. (1) in order to provide an
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Table 5
Comparison of CPU times required for different analysis of BaF, signals

Fit function Fixed parameters CPU time (ms)

General — 5.441.0
Eq. (1) Ts 14.243.1
Eq. (1) — 24.54+79

In the first case, the CPU time employed by the general analysis algorithm
(see Section 3.1) is reported. The fitting method is applied using the Eq. (1)
fixing the parameter 7. In the last case, 4 and 7, are left free to vary.

estimate for the processing time of the raw data. This
estimate does not include the time required by auxiliary
equipment, i.e. for reading and writing the data on the hard
drives, bus speed, and memory. The results obtained from
the analysis of BaF, signals using Eq. (1) are summarized
in Table 5. It is evident that the application of the fitting
procedure is more time consuming than the standard
analysis. In particular, the use of a larger number of free
parameters increases the CPU time linearly and affects the
processing much more than the time duration of the pulse
and/or the length of the fitting range (Table 5). Tests with
other CPUs (e.g. a PIII 900 MHz) have confirmed that the
required time for both algorithms is almost inversely
proportional to the speed of the CPU.

According to these results, a data set containing 10°
signals, which is recorded in a typical measurement with
the 4t BaF, calorimeters at n_TOF [27] (42 crystals) or at
DANCE (160 crystals), can be processed with a 2GHz
CPU in about 20 days.

5. Conclusions

We have compared the performance of the fitting
method for analyzing the digitized signals from BaF, and
CeF; scintillators with a schematic general method. The
physical quantities related to the characteristics of the set-
up, i.e. light output, decay time of the scintillation light,
and photomultiplier properties, could be well reproduced
by both approaches. The procedures were shown to work
well with fit functions containing few free parameters and
to provide safe particle identification and a reliable
reconstruction of pile-up events.

The analytical description of the slow part of the
scintillation light in BaF, is still hampered by the limited
dynamic range of the FADC (8 bits). Currently a series of
measurements has been performed at Charles University in
Prague in order to improve the decay times of the
scintillation light from BaF,, to study the differential

linearity of FADCs, and to understand the causes of
fluctuations induced by the electronics, the temperature,
etc. These studies will help to determine the best operating
conditions for the combination of heavy inorganic
scintillators and FADCs, and will provide information
for further improvements of the analysis procedures.
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