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High resolution 7-ray multidetectors capable of measuring high-fold
coincidences with a large efficiency are presently under construction (EU-
ROGAM, GASP, GAMMASPHERE). The future experimental progress
in our understanding of nuclear structure at high spin critically depends
on our ability to analyze the data in a multi-dimensional space and to
resolve small photopeaks of interest from the generally large background.
Development of programs to process such high-fold events is still in its
infancy and only the 3-fold case has been treated so far. As a contribu-
tion to the software development associated with the EURO GAM spec-
trometer, we have written and tested the performances of computer codes
designed to select multi-dimensional gates from 3-, 4- and 5-fold coinci-
dence databases. The tests were performed on events generated with a
Monte Carlo simulation and also on experimental data (triples) recorded
with the 8ir spectrometer [1] and with a preliminary version of the EU-
ROGAM array [2].

Our principal goal was to develop appropriate software to analyze large
sets of /-fold coincidence events by setting (/-l)-dimensional gates to
obtain the resulting spectra as fast as possible. For technical and efficiency
reasons, the classical method developed to analyze 7-7 coincidences —
the slicing of a 2-dimensional 4096x4096 channel matrix — cannot be
extended to higher-fold data. The memory requirement can be reduced
by storing the data in the form of lists of events. In list mode, the memory
needed to save the complete database is proportional to the total number
of events and also to the number of bytes used to store each individual
event.

The database structure and the algorithms of the programs are sim-
plified when the analysis is restricted to one particular fold / at a time.
In practice, a physical event which has triggered m Ge detectors (m > / )
will be interpreted as r?) /-fold coincidence events. The minimal number
of bits required to store each event is reduced if the /-dimensional space
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is divided and subdivided into smaller subspaces. All events located in
a given subspace share a common /-dimensional energy offset associated
with the position of the subspace and only the energy differences relative
to this offset have to be stored. Furthermore, this data structure increases
the speed of the slicing process since only a certain number of subspaces
need to be treated for a particular gate. In order to decrease the total
number of subspaces, the / energy parameters representing an event can
then be stored in numerical order.

Fig. 1 shows a graphical representation of the database structure for
the 2-fold case. In this example, the total dispersion on each axis is divided
into four equal sections to obtain ten 2-dimensional subspaces. The term
"file" will be used to denote these subspaces since they correspond to
UNIX files in our implementation. Each file is further subdivided into
subspaces called "lists" where the events are actually stored.
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Fig. 1: Schematic representation of the database structure for a 2-fold
coincidence analysis.

Besides reducing the memory requirement, the adopted database struc-
ture permits a fast slicing algorithm. An example of a slicing trajectory
is indicated by the black area in Fig. 1, while the relevant lists from the
relevant files are indicated by the hatched area. In this particular exam-
ple, the window test is performed on the parameter E% for the horizontal
portion of the slicing trajectory and on the parameter E\ for the vertical
one. For the list located on the diagonal, both parameters are tested. For
a given event, if the tested parameter (corrected for the energy offsets)
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falls inside the energy window of the gate, the channel associated with the
other energy parameter is incremented in the projection histogram. With
our database structure, the slicing technique can be easily generalized to
perform (/-l)-dimensional gates on /-fold coincidences.

The problem of multi- dimensional gating can be artificially divided
into three phases. In our implementation, an independent computer pro-
gram corresponds to each different phase. The first phase program has
the responsibility of reading the data recorded by the multidetector and
extracting only the events corresponding to the requested fold, the events
of higher-fold being "unfolded" to the studied fold. Other tests and pro-
cesses such as a gain alignment can also be performed on the raw data in
this initial step. The selected events are then stored on hard disk using
the file structure described earlier. In the second phase, each individual
file is processed to create the list structure. The third step corresponds to
the slicing procedure. The program reads a gate file created by the user
and extracts the resulting spectrum from the database. This third phase
can be repeated as many times as desired with different gate files.

The total number of channels per axis and the width of each file and
list are selected by the user. The optimal set of parameters depends on the
total number of events to be processed and also on the available hardware
configuration. The values chosen in the present work are presented in
Table 1 for 3-, 4- and 5-fold data analysis. Real experimental events are
usually recorded on magnetic tape using two bytes per energy parameter.
A data compression factor of up to four is achieved with the adopted set
of parameters given in Table 1.

Table 1. Total number of channels per axis (Cr) and width in channels
of each file (Cj?) and each list (CL) used to analyze /-fold events.

/
3
4
5

CT

4096
2048
2048

CF

128
128
256

CL
16
16
64

All the programs were written in C++ [3], an objet-oriented program-
ming language. Programs were developed and tested on a single-processor
Sun SPARC-2 with a performance of about 28 MIPS and 6.2 Mflops. The
system was equipped with a 1.2 Gb Seagate hard disk with a mean ac-
cess time of 15 ms and a SCSI-2 interface with a tested data transfer
rate of about 4 Mb/s for reading and 500 kb/s for writing operations. In
the computer codes, input/ouput operations are performed with functions
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from the standard Sun C library [4]. The resulting spectra are stored in
a format compatible with GPSI [5], the spectral analysis program used in
Strasbourg. The software presently handles data written in 8TT [6] and in
Daresbury formats, and is easily modified for other formats.

Presently, there is no existing experimental data set large enough to
provide high statistics test of our analysis programs for a fold larger than
three. To get around this situation, /-fold events were generated using a
Monte Carlo technique. The Monte Carlo simulation has the advantage
of giving a better control over the data set characteristics, which facil-
itates programming error tracking and the comparison of the software
performance between different folds. A superdeformed (SD) generator
was selected for 5% of the events. The software performance was tested
by gating on SD transitions to study our ability to isolate an SD spectrum
from the large background simulated by a normal-deformed generator.

The CPU time required to execute the first two phases described earlier
are presented in Table 2 for a data set comprising 1.5xlO8 events. The
phase I CPU time is proportional to the number of generated events. In
an analysis of real experimental data, this time is dominated by the data
transfer rate of the Exabyte tape drive. The time required to execute
the second phase increases less rapidly with the number of events. For
example, the phase II CPU time for 4-fold data is roughly proportional to
the cube root of the number of events processed, at least in the studied
range (5 to 150 million events).

Table 2. CPU times required to generate and compress 1.5xl08 events.
The reported CPU times include both the user time and the system time
used [4].

Fold
3
4
5

Phase I (min.)
369
481
602

Phase II (min.)
44
40
164

Total (min.)
413
521
766

Superdeformed band spectra were obtained by summing all combina-
tions of multi-dimensional gates placed on 17 SD transitions. The average
width of the selected energy windows was equal to 6 keV and the same set
of energy windows was used for every studied fold. The slicing CPU time
presented in Table 3 does not strongly depend on the fold and it stays
within very acceptable values. This time depends on the specific gate file
used and also on the number of events present in the database. For the
same number of events in the database, the number of counts in a specific
photopeak in the final SD spectrum decreases by a factor of ~6 by going
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from a given fold to the next higher one. It may be very important to
know this factor since it could help to evaluate the beam time required to
perform some specific high-spin experiments with the new generation of
multidetectors.

Table 3. Slicing program statistics as a function of the fold when 17
superdeformed transitions are selected. The total number of gate com-
binations are presented together with the CPU time (user + system [4])
required for the slicing procedure. Databases containing 3xlO8 events
were processed except for the 5-fold case where two data sets of 1.5 xlO8

events each were used.

fold

3
4
5

number of
gates
136
680
2380

CPU time (sec)
total per gate
386 2.84
165 0.24

2x456 2x0.19

In the present work, we have developed algorithms to analyze high-fold
events in a multi-dimensional space. The algorithms were implemented
for 3-, 4- and 5-fold coincidences. The performances of the programs were
tested with large data sets generated with a Monte Carlo simulation. The
slicing process requires typically less than one second of CPU time per
gate on a Sun SPARC-2. The needed hard disk storage space was reduced
to four bits per energy parameter for 3- and 4-fold events and down to 6
bits in the 5-fold case. More details can be found in ref. [7].
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