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A REMOTELY-OPERATED LOW BACKGROUND GERMANIUM MULTI-DETECTOR SPECTROMETER SYSTEM 

LOGISTICAL ASPECTS OF THE DESIGN 

LBL-21542 

F.S . Goulding, C.A. Cork, D.A. Landis, P.N. Luke, N.W. Madden, D.F. Malone, R.H. Pehl, A.R. Smith 
Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720 U.S.A. 

and 
D.O. Caldwell, R.M. Eisberg, D.M. Grumm, D.L. Hale and M.S. Witherell 

University of California, Santa Barbara, California 93106 U.S.A. 

ABSTRACT 

A system of data acquisition, data analysis, moni
toring and gain stabilization used in a long-term, low 
background germanium double beta decay experiment is 
described. This system, which is essential to the re
mote underground operation of the spectrometer, may 
provide a model for similar experiments. 

INTRODUCTION 

In recent years there has been a substantial in
crease in interest in non-accelerator experiments de
signed to detect very rare processes. Usually these 
experiments consist of a complex detector array opera
ted underground to reduce the effects of cosmic ray 
background. In addition, the design of the system, 
choice of materials, etc., are all aimed toward remov
ing background due to natural uranium and thorium decay 
chains in the local environment. 
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Fig. 1 Exploded view of the complete detector assem
bly with the upper layer raised. 

We are conducting one of these experiments 700 ft 
under the Oroville Power Dam in Northern California. 
This experiment is designed to detect decays of 76Ge 
atoms by simultaneous emission of two beta-particles 
(double beta decay mode) in Ge detectors; the half life 
limit we expect to be able to set in two years of oper
ation approaches 1024 yrs which corresponds to -0.5 
disintegrations/year/kilogram of natural germanium. 
The detector system contains eight large volume 
(160 cm3) coaxial Ge detectors (total mass 7.5 kg) sur
rounded by a Compton shield containing 10 very large 
(-6"x6"x12 to 20") NaI scintillation detectors. This 
detector array is enclosed in a low-activity lead 
shield weighing almost 15 tons. Figures 1 and 2, taken 
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from previous papers l ,2, show the detector assembly 
and the photograph (Fig . 3) shows a top view of the 
partially assembled detector system. After 18 months 
of operation, no neutrinoless double beta decay events, 
(at a half life limit of 4xl023 yrs) have been ob
served. While continuing the double beta decay experi
ment we intend to use the same system, suitably aug
mented, to look for events caused by collisions in the 
detectors of WIMPS (weakly interacting massive parti
cles) postulated to be contained in the universe's dark 
matter through which we travel at high velocity. 
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Fig. 2 Exploded view of the lower layers of detectors. 

In common with all similar experiments, we must 
face the problem of background removal and of very 
careful labeling of individual events to permit de
tailed and critical study of candidate events by the 
scientific community if such events are observed. Fur
thermore, the experiment is operated remotely from our 
laboratory and unattended operation for prolonged peri
ods is essential. These factors have resulted in the 
approach to the experiment and equipment design dis
cussed in this paper. 

One special feature of experiments using Ge detec
tors is the need to provide liquid nitrogen to cool 
the detectors. The procedure used in our case is to 
use four cryostats (3 liters) - one for each dual
detector system. Associated with each system is a 
backup 50 liter supply dewar and an automatic monitor
ing and transfer system that replenishes each local 3 
liter cryostat about every 20 hrs (under command of a 
computer that monitors liquid nitrogen levels as well 
as many other parameters on an hourly basis). Visits 
are made to the Oroville site every 10 days or so to 
collect the latest data tapes and to refill the 50 li
ter supply dewars. The liquid nitrogen monitoring and 
transfer system was described in an earlier paper3. 



Fig. 3 Photograph of the detector assembly in its 
shield with the associated electronics in the 
power room of the Oroville Power Dam . The ex
citors for the turbine generators are in the 
background. 

Another important feature of the system is the pro
vision of non-interruptable power . In initial tests we 
were surprised to find that power is interrupted often 
for short periods of time in this location despite (or 
because of) its proximity to the hydro-electric source. 
A battery-operated 1800 watt non-interruptable power 
supply capable of handling 30 min of full system oper
ation is used to overcome this problem. 

The detector system itself was also fully described 
earlier l ,2 and the interested reader is referred to 
these gapers. Results have been presented in other pa
pers4,5. The focus here will be on the data acquisi-

tion and system monitoring equipment and on th e remote 
processing of the data. 

THE DATA ACQUISITION SYSTEM 

Figure 4 is a diagram of the data acquisition and 
monitoring system employed in t he experiment. Al so 
shown in this figure is the non-interruptable power 
supply, the liquid nitrogen supply system and the r e
dundant system of ion pump power supplies with battery 
backup. 

The data acquisition system performs the foll owing 
functions: 

a) Eight preamplifiers and linear amplifier s are used 
to process the Ge detector signals. Bec ause good 
resolution at high energies (where the ballistic 
deficit is an important contributor) is required, 
and the low counting rates permit long shaping 
times, a Gaussian pulse shape peaking in 8 ~s is 
employed. 

b) Signals from the preamplifier outputs also feed 
fast amplifiers (0.5 ~s integration and differenti
ation) and discri minators to develop a master trig
ger for the data acquisition system when any Ge de
tector finds an event above a threshold of - 40 keV. 
No data is recorded by the main data acquisition 
system unless this condition is met. An au xiliary 
monitoring system containing IBM PC #2 is used to 
check the operation of the NaI detectors without 
requiring signals from Ge detectors. 

c) The germanium signals feed l3-bit (8192 channels) 
ADC's that are gated on by a 10 ~s waveform genera
ted from the master trigger. 

d) The 10 NaI detector photomultiplier output signals 
are amplified and shaped (2 ~s peaking Gaussian) by 
linear amplifiers and the outputs from these ampli
fiers feed 8-bit ADC's operating ' on the large scale 
digitizer pri nciple (i .e., a common-ramp multiple
channel Wilkinson-type ADC). Each ADC contains 8 
channels and the units can be cascaded. 

e) Interface units associated with the Ge l3-bit ADC 
block and the NaI ADC's provide for sequential 
scanning of the data and feeding a stream of l6-bit 
words characterizing each event into a GPIO inter
face on an HP9836 computer. 
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Fig. 4 Block diagram of the detector assembly, pr ocessing electronics, monitoring and data acquisition systems. 
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f) The main purpose of the HP9836 computer is to buff
er event by event data in a 20,000 byte memory 
buffer, then to transfer the data to a 64 Mbyte 
hard disk associated with the computer. These 
transfers occur about every 2 hrs. Certain histo
grams are also generated by the computer to permit 
an immediate check on the validity of data as need
ed. ,A streamer tape unit associated with the 
HP9836 computer is used to record the data from the 
disk. This tape is taken to the laboratory at the 
end of each 10-day run. 

g) A timer with 1 second resolution is provided and 
the time since 00.00 hrs, 1/1/85, is recorded as 
part of the data stream with each event. 
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Fig. 5 Showing the recorded data format for events. 
A condition on record ing an event is that at 
least one Ge detector must register a Signal. 

Event data is recorded in the format shown in 
Fig. 5. Each event consists of a set of 16-bit words 
with the most significant bit (#15) indicating whether 
the word is an identifying tag word or real data. In 
tag words, the value of bits #11-14 indicate the type 
of tag (#1 = time data, #2 = Ge detector data, #3 = 
first group of eight NaI detectors, #4 = second group 
of NaI detector data). In each case, the tag word is 
followed by a series of data words presenting the data 
associated with the tag. For example, 

a) The time tag word is followed by a 15-bit number 
containing the time data for the event. 

b) Each of the last 8 bits of the NaI and Ge tag words 
indicate which detectors contain data. 

c) Ge detector data words contain the ADC data (last 
13 bits), an indicator bit #13 showing whether the 
data refers to a reference pulser pulse (see next 
section) and another indicater bit #14 showing 
whether the signal has a slow component. The slow 
component indicator is not used at the present 
time, but is available for use in the future. 

d) NaI detector data is structured similarly to the Ge 
detector data but only bits #0-7 are employed to 
represent ADC data. Bits #8- 10 provide a (redun
dant) indication of the NaI detector 10#. 

THE MONITORING SYSTEM 

The traditional method of carrying out a remote 
long-term experiment involves the use of graduate stu-
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dents located at the experiment site. The ready avail
ability of personal computers and modems makes it pos
sible to monitor an experiment remotely with less frus
tration for all concerned. Therefore, the decision was 
made to provide a complete remote monitoring system for 
this experiment. 

Elements of the monitoring system are shown in Fig . 
4. An IBM PC located at the experiment reads monitor
ing information from these elements hourly and automat
ically transmits twice daily, sending the monitoring 
data to another IBM PC at LBL. If the telephone trans
mission fails (a rare occurence), the computer at the 
experiment automatically dials again each hour until a 
successful transmission is made. Validity of the re
ceived data is checked and if errors are detected, the 
data is retransmitted. The system is also protected 
from interference by casual telephone callers - a prob
lem that has proved important in our experience. 

Printout of the monitoring data can be initiated at 
any time at LBL. A typical output is shown in Fig. 6; 
this will be used in the following discussion of the 
monitoring system. The following analog parameters are 
monitored directly: 

a) Liquid nitrogen levels in the four 50 liter ,supply 
dewars. 

b) Liquid nitrogen levels in the four (-3 liter) cryo
stats associated with each dual-detector system. 

c) The ion pump power supply currents. Each of the 
four detector systems is equipped with a pair of 
ion pumps (A & B) to provide redundancy; while one 
power supply is used to power the "A" pumps, a sep
arate one is used to supply the "B" pumps. Failure 
of a power supply or single ion pump will cause no 
damage to a system, but measuring the supply cur
rents ensures that we receive immediate notice of 
the problem. Incidentally, a deviation of any mon
itored parameter outside preset limits initiates 
hourly transmission of data to LBL instead of the 
normal twice daily transmission. 

d) Failure of power would result in both ion pump pow
er supplies being shut down. Consequently, eight 
back-up battery power supplies are provided. The 
output voltages of these supplies are monitored 
hourly to ensure their availability at all times. 

e) The DC level at the output of all preamplifiers is 
monitored to provide an indication of any changes 
in detector leakage currents. 

f) Temperatures in the two equipment racks are moni
tored to check the operation of ventilation fans. 

All of the forementioned parameters are fed to a 
24-channel 8-bit ADC board in IBM PC #1 used for moni
toring. Digital inputs and outputs (under program con
trol) are also used as follows: 

a) One set of outputs triggers the liquid nitrogen 
filling system when the level in any cryostat falls 
below a preset level defined in the program. 

b) A standard amplitude pulser (nine channels) is 
triggered by another set of outputs from monito r ing 
PC #1. One channel (#9) feeds all the NaI detec
tors (at the same time as Ge detector #4) while the 
remaining channels feed the eight Ge detectors. 

In normal operation, the pulser sequence is 
triggered once per minute with 1 second delay be
tween the german i um detectors (i.e., Ge #1 -- 1 s-
Ge #2 - 1 s +- Ge #3 - etc.). Each pul ser output 
drives through its germanium detector capacitance 
into the preamplifier, then through the whole pulse 
processing system being treated in exactly the same 
way as real detector signals. 
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Fig. 6 An example of the monitoring data received twice daily by automatic transmission to LBL (Berkeley). 

The resulting stored pulser events are used for 
gain stabilization purposes as described in the 
following section. In addition~ the pulser counts 
are used as part of the monitoring system to check 
that the full counting chain (including the data 
acquisition computer) is working correctly. To ac
complish this result, each time a memory buffer is 
dumped onto the disk, the pulser events are read 
back from the disk and are sent as a train of pul
ses to eight scalers (one for each detector) inclu
ded in the monitoring PC #1. The PC monitoring 
program reads these scalers each hour and resets 
the scaler . The numbers in columns 25-32 are used 
to check this operation. Figure 16, to be dis
cussed in the next section shows the pulser se
quence interleaved with normal gamma-ray counts. 

c) The 4-bit input in the interface board in PC #1 is 
used to check the status of the non-interruptable 
power supply. Not shown in Fig. 4 is a separate 
non-interruptable supply used to power the monitor
ing PC #1. This is provided so that monitoring and 
transmission of data to LBL continues even in a to
tal power failure condition. 

OFF-LINE DATA REDUCTION 

Data tapes from the experiment are dispatched 
about every 10 days to LBL (Berkeley) and UCSB (Santa 
Barbara). Data is reduced and analyzed in parallel at 
both sites using two different computers to make sure 
that any results are independently checked at two 
places . Only the data reduction system at LBL will be 
described here because the functions performed at the 
two places are essentially the same. 

The data is initially transferred from the HP9836 
data tapes into an IBM PC equipped with two 10 Mbyte 
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Bernoulli disks, one of which is used to store programs 
and final histogram data while the other stores event 
by event data transcribed directly from the original 
HP9836 data tapes. A single 10 Mbyte disk can hold 
about 30 days of the original eight-detector data. 
This illustrates the value of high-capacity removable 
disks in experiments where data volumes can become very 
large. At the moment, 18 months of data (initially 
four detectors, most recently eight detectors) are con
tained on 12 10 Mbyte disks. 

The data analysis and reduction programs perform a 
number of functions: 

a) Calibration of the data and attaching 
tion information to the data records. 
used in this operation include: 

the cal ibra
Programs 

1) SORT: This is the initial sorting program. It 
simultaneously sorts all the data for Ge detec
tors in a 600 keY range generating raw histo
grams of the data. Sorts are performed for the 
ranges 40-640 keY and 1400-2000 keY, chosen to 
contain the 352 keY peak of 214Pb, the 1461 keY 
peak of 40K and the pulser peak located approx 
at channel 1910. (Note that the energy scale 
used is -1 keV/channel.) These two sorts are 
performed in -45 min on a typical 10-day run. 

2) CENTROID: Determines the centroid of the 3 
peaks mentioned in the previous paragraph (for 
each detector). 

3) CALC: Using the information from CENTROID, this 
fits a linear energy scale to the 2l4Pb and 40K 
lines, thus deriving the zero and energy scale 
and also the equivalent pulser energy for each 
detector averaged for the whole 10-day run. 

4) CAL: This processes the data records and calcu
lates the energy scale specific to each record 

• 
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using the pulser peak position measured for this 
record and the previously derived equivalent 
pulser energy. This procedure is used because 
gamma-ray peaks in a single record contain very 

.few counts and only the pulser peak has enough 
counts to provide adequate statistics to be used 
for gain stabilization. CAL attaches calibra
tion data to each record. This data is used by 
later programs to correct the spectral data pre
cisely to a 1 keV/channel scale with zero energy 
offset. 

The operations performed by these four programs are 
normally carried out for an entire 10-day run and 
the assumption is made that the pulser itself is 
stable during a run (a run might contain 100-300 
records) so the pulser peak position reflects gain 
charges in the system. We have observed only mi
nute zero changes, so no correction is needed for 
zero drift. The pulser stability appears to be 
-.01% during a 10-day run. 

b) A single program AUTO automatically sequentially 
sorts 600 keV intervals (from 40-4240 keV) and gen
erates histograms with gain corrections made for 
each record using the gain data provided by CAL. 
If the run number is nn, this generates a file, 
PHAnn.dta, containing energy corrected histograms 
for all Ge detectors. AUTO requires about 3 hrs 
to generate fully gain-stabilized histograms on an 
8-detector 10-day run. A program OUTPUT combines 
histograms from any selected number of runs and al
lows plotting or printing of the resulting spectra 
for any detector or all detectors summed. This 
process is completed in a minute or two. 

c) In view of the importance that may be placed on a 
single event it is essential for us to be able to 
select and study single events in detail. Two pro
grams quickly accomplish this: 
1) EVENTS: Allows scanning of selected records and 

listing of all events where an energy within a 
selected range is deposited in a Ge detector. 
The signals in any or all detectors and their 
time of occurrence are listed. 

2) HISTORY: Allows printout of a selected number 
of events and their time of occurrence preceed
ing a single event that the experimenter selects 
in the output of EVENTS. 

A common use of these programs is to use EVENTS to 
print out all events where a Ge detector has a 
2000-2099 keV signal (range of interest near the 
2.041 MeV energy of double beta decay), then to se
lect certain events, using HISTORY to look for any 
correlation with events immediately preceeding the 
ones of interest. In this way, suspicious "burst" 
events could be eliminated. In fact, no such cases 
have been detected in our work. The ability to 
rapidly access and study single events and their 
environment in a data set accumulated over 18 
months is a unique aspect of this experiment. 

d) A program CAT allows the display of the complete 
catalog of data on all runs. This data is genera
ted and updated when AUTO runs. 

Typical results from these data analysis programs 
are shown in Figs. 7-16. Figure 7 shows the complete 
catalog of runs carried out from February 1985 to June 
1986. For the remaining figures we have selected Runs 
#1-44. Figure 8 shows a printout of the summed histo
gram for all detectors over this 15 month period for 
the energy range 40-640 keV. Actually, the counts giv
en in each bin are 10 times the actual count accumula
ted; this is an artifact of the gain compensation which 
interpolates between channels with an accuracy of 0.1 
channel. Figure 9 shows a plot, for detector #4 alone, 
of the spectrum (40-640 keV), while Figs. 10-14 ,show 
the summed spectra for all detectors from 40-3040 keV. 
The success of the gain stabilization program is illus-
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Run' Dat. -------Data Di.k------- No of 
01akl 1.t Recl L_.t Recl Oeta Hou,.. 

-----------------------------------------------------------------, I 34. 428 144 
3 I 2~9 342 138 
2 I 17~ ~8 128 
I I I 17' 4 , .. 
~ I 429 ~'O • 144 
7 I ~29 b2' • 142 
8 I b2~ 742 • Ib_ 
9 I 7'5 830 • 120 
10 2 I 102 4 140 
\I 2 103 172 4 99 
12 2 173 292 • Ib9 
Il 2 295 400 4 144 
14 2 401 ~2 4 140 
17 3 I 15. • 2\3 
18 • 15. 312 • 220 
Ib , 00. 720 • IbO 
I~ 2 ~. _02 4 13' 
19 3 .1. 473 • 220 
20 3 .7. _I' • ••• 21 3 .15 769 4 21~ 

2' • 2_' 332 4 9. 
22 • I 139 • ,.0 
2. • 139 2_' • .72 
2. • 333 45. • 141 
28 • '57 ~ .. • 103 
29 5 • '4' • •• 2 
30 5 .. , 3'2 • 23. 
3. ~ 3" 507 • ..0 
32 ~ 5011 ••• • ... 
33 5 .'7 827 • 20. 
3' • I 222 • 257 
15 • 223 "8 • 2~' •• .' "9 .73 • 2~' 
37 7 • 203 • 234 
38 7 20. .09 .. 239 .. 7 4'0 .08 • 232 
.0 7 .09 829 • 2~O 

•• • • 321 • ". 
'2 • 322 .8. • 1'2 
43 • 4.7 '85 • 2.2 

•• • .Bb 830 • '70 
27 9 I 139 • 157 
'5 • 140 299 • 14' •• • 300 54' B 232 
47 • 547 740 • '.5 
4. 10 183 351 • '.2 
52 \I I 2.5 a 20. 
53 \I 21. 427 • 20~ 
S. .0 4.5 ••• • 21. 
50 10 352 '57 a '02 
54 II 428 000 B •• 7 
5" \I 001 7.5 • 16. 
54 .2 1 195 B '88 
57 '2 ,9, 366 B '03 -----------------------------------------------------------

Fig. 7 A table of information on all runs since the 
experiment started in February, 1985. This is 
the output of the program CAT. 

trated by the observation that the energy resolution at 
2.6 MeV is -3.2 keV; note - this is for all detectors 
added together for 15 months of operation. This result 
is as good as we normally obtain in our 1 aboratory for 
an overnight run with asingle detector. 

Figure 15 shows a partial list of events from data 
disk #8, records #1-34, where a Ge detector absorbs be
tween 2000-2099 keV. Candidate events for double beta 
decay of 76Ge must occur in a single detector and pro
duce a 2.041 MeV signal (±2 keV). No event in this 
figure satisfies these criteria. The event in detector 
#4 at Record #16, position 5047 was selected for exam
ination of the 25 events preceeding it (using HISTORY). 
Figure 16 shows the result. We see that the event pri
or to the selected one occurred 4 seconds before it and 
resulted in a 1.131 MeV deposit in Ge detector #1 and 
a small energy deposit in NaI detector #7. Note that 
HISTORY operates on the raw original data (not energy 
corrected) whereas EVENT corrects the energy scale. 
This accounts for the apparent slight energy difference 
in the selected event in detector #4. 

CONCLUSION 

As shown by the results given in the previous sec
tion, we have demonstrated that high-resolution muiti
detector spectroscopy can be carried out reliably for 
very long periods of time. The remote monitoring sys
tem has given us confidence in the operation of the ex
periment at all times and, on occaSion, has indicated 
the need to travel to the remote site to correct poten
tial problems. In 18 months of operation of 6 detec
tors, only 16 hrs of data was lost and that was in a 
single incident following the installation of new 
(faulty) equipment. This is testimony to the reliabil
ity of the system and to the value of redundancy in 
certain parts of the design. 
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Fig. 8 Digital output of a 600 keV interval histogram for the sum of all detectors. The numbers given are lOx 
actual counts; this is an artifact introduced by gain stabilization which corrects gain shifts to 0.1 
channels. 
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Fig. 10 15 month spectrum for the sum of 6 detectors (40-640 keV). 

Fig. 11 15 month spectrum for the sum of 6 detectors (640-1240 keV). 
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Fig. 12 15 month 'spectrum for the sum of 6 detectors (1240-1840 keV). 

Fig. 13 15 month spectrum for the sum of 6 detectors (1840-2440 keV). 

Fig. 14 15 month spectrum for the sum of 6 detectors (2440-3040 keV). 
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Output of the program EVENTS showing those events containing germanium detector signals in the energy 
range 2000-2099 keV on data disk #8 in records 1-34. Energy Signals in all detectors are shown. The 
first column contains time information while the second one identifies the position of the event in the 
record. 
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Fig. 16 
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Output of the program HISTORY. This shows the 25 counts preceeding that at position #5047, record #16 
on data disk #8 (see Fig. 15). Pu1ser signals are included and the first column indicates the time in 
seconds prior to the selected event. 
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