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ABSTRACT. 
We describe a method and an experimental layout allowing the monitoring of 

photomultlpliers gain. We use artificial blue light (Spark-gap with filter : 436 ± 20 nm) and 
three reference detectors. Short term and long term measurements are presented. The results 
indicate a precision better than 0.5 % for the short term and 1.4 % for the long term 
determinations. This gain monitoring system lias been developpedfor a new neutrino oscillation 
reactor experiment ( 600 photomultipliers ) starting at tfie Bugey nuclear plant. 
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1. INTRODUCTION. 
Light pulsers and optical fibres coupled to photomultipliers (PMs) or photodiode detectors 

have been extensively used in particle physics. In appropriate experimental situations such 
devices provide a way to regularly control the evolution of electronic detectors gains [Ref 1]. 
The absolute calibration of the detectors with panicles of known energy remains essential but 
needs special running conditions. Generally, in between absolute calibrations, the gain 
evolution is frequently evaluated (each day for example). This is the case for the new Bugey 
neutrino oscillations programme (Ref 2], which uses several liquid scintillator detectors each 
having 200 PMs, on a long time scale (2 or 3 years of running time). We describe the methods 
to evaluate the PM's gain evolution. We used a prototype with 8 PMs and a network of optical 
fibres illuminated by blue light flashes. Our objective is to measure Rj = Gi/G] with a 
precision better than 1 % : Gi is the PM gain at the time ti, G, at the time t, and Rj defines the 
monitoring parameter or the relative gain at the time ti. We present wo différents methods, a 
short term measurement which is valid under restrictive cone :ons and a long term 
measurement valid without these conditions but requiring more s atistics. In the Bugey 
experiment, short term means a few weeks and long term several years. 

2. PROTOTYPE AND LAYOUT. 
Fig. 1 sketches our experimental layout. A Bugey detector is simulated by a prototype of 4 

cells filled with liquid scintillator (NE224) and viewed by a PM at both ids. Each of the 8 
PMs (type XP3462-RTC) sees the light from one fibre fixed at the opposi s side of the cell. 
Several fibres are connected to three reference detectors PRi, PR2 and P" R (PRJ.PRT are 
PMs type 150 AVP-RTC, PHR is a photodiode type S 1723.04 HAMAMA ' iU). In addition 
the gain of PR2 is controlled with an 2 4 ] Am source deposited on a small Nal crystal. The gain 
of whole photodiode electronic chain is measured with the help of a 5 7 Co source (122.and 
136.5 kev photons directly converted in the junction) [Ref 3], Our light puiser is a spark-gap in 
a low nitrogen flow, connected to an interference blue filter [436+20 nm] and to a ground mylar 
sheet that allows a large angular scattering for any incident photon. The spark rate is about 60 
per second and the discharge voltage about 2 KV. A typical flash produces a PM signal of 150 
ns totale duration (22 ns fwhm) and 10 ns rise time. The amplitude is not constant from pulse 
to pulse. Figure 2a shows a standard ADC spectrum corresponding to 30 000 flashes. From 
time to time an AmBe source (4.43 Mev-y) on each cell provides a direct and indépendant gain 
measurement. 

Standard NIM and CAMAC electronics are used in the trigger logic and the events collection. 
We record the detector charge with an ADC (1024 channels LRS 2249A), and data taking is 
done with a Motorola 68000 VME computer [Ref 4] connected to the LAPP Vax. 
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3. THE EXPERIMENTAL METHOD. 

We shall not, in the present paper, discuss Che pedestals question . Due to the non-linearity 
of the ADC at low charge Q, we have used the "extrapolated" pedestal at Q = 0 and have 
applied corrections to the "measured" pedestal, obtained with a pulse generator, during the 
acquisition periods. In the following, any mention of a charge Q will mean a charge after 
pedestal substraction. 
3.1 The short term method. 

The definition of a short period is very dependant on each experimental situation. For us, it 
is assumed to be a few weeks. During such a period, we assume relative stability for the 
optics, the quantum efficiency of the prototype PMs and reference detectors. In other words, 
we make the assumption that any variations of the number of photoelectrons ( in particularly 
due to the incident light source) on one detector correspond to a proportional variation on any of 
the other detectors. For reference detectors with radioactive sources we also assume, apart from 
the gain, the stability of responses. At present, we have no idea of such a stability over a long 
period (let us say several months). It was not the purpose of the present study. Many other 
authors have studied that aspect of the monitoring [Ref 5]. 

At each running period, we define the average charge values of : the PM under study (Q), the 
reference detector (QR) and its radioactive source signal (S). Q I , Q R I , S] are the values of 
the first running period (time t = n), and Qi, QRJ, SI those at any later period (time t = tj), 
then it is easy to demonstrate that : 

G\ Qi-?i / Qi.S^ 
RS = _ _ : = — / - = ( 1 ) 

Gi QRi / QRi 

RS is the value of the parameter for short term monitoring. Qi, QRI (Qi, QRO are the 
arithmetical averages of the charge spectra of the ADCs, and Si and Sj are the averages found 
from fits. The Figures 3a and 3b show the fit (gaussian distribution and backround) of the 
2 4 1 Am spectrum (reference PR2) and of the 5 7 C o peaks (reference photodiode PHR) 
respectively. With these two references we have two indépendant results for short term 
monitoring which we call RS2 and RS3. If all the previous assumptions are not verified, we 
can have biases in our results. Therefore, we will investigate a different monitoring method. 
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3.2 The long term method. 
A long period is defined to be a period of several months or years. The long term method is 

based on the properties of the PM charge distribution when a constant number of photons 
impinges upon the photocathode [Ref 6]. To first order, in this case, the charge spectrum 
obeys to the two equations : 

Q = N .G (2) 

o 2 Q 1 
— — . ( 1 - k ) (3) 
Q 2 N 

Q is the average of the charge distribution, 0"2Q its variance, N the average number of collected 
photoelectrons, G the average gain of the PM and of its chain. The factor k = e - c 2G/G 2 is a 
correction factor depending on e which is the product of the quantum efficiency, and of the 
collection efficiency of the first stage, k also depends on the relative variance of the total gain of 
the PM chain. Typically for the RTC PM, e ~ 30 % (blue light) and cr2G/G2 ~ 6%. [t has 
already been suggested [Ref 7] to use relation (3) for the determination of the average number 
of photoelecrrons N and relation (2) for the gain détermination. Our experimental situation is a 
little more complicated because our light puiser is not a source emitting a constant number of 
photons. Nevertheless, we obtain an equivalent PM distribution when the PM signal is divided 
by the reference PM signal ( QRi or QR2 ) event per event. The corrected distribution 
q c = (Q/QR) .QR is in fact a gaussian distribution (at first order) with the following properties: 

q~c=Q = N .G (4) 

cAic a 2 q c I 1 
- = ^ = ^ - = — ( l - k ) + — (1-kR) (5) 

qc2 Q 2 N N R 

The second term of (5) represents the square of the resolution of the reference PM and is a 
correction to the first term if NR » N. ( NR represents the number of photoelectrons on 
references and kR is a factor similar to k ). In our set-up, this correction is small because we 
have one optical fibre illuminating each prototype PM through the liquid scintillator and 7 fibres 
directly coupled to the references ( PRL and PR2 ). Our runs, on the average , have N - 700 
and NR ~ 5 000 photoelectrons. NR is calculated by using the two light puiser spectra of the 
two references (QRi and QR2) and the 0" of the event per event distribution (QRt/QR2), as 
explained in details by P.Besson [Ref 8]. Fig.2b displays the gaussian-like spectrum q c 
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compared to the raw distribution Q (Fig.2a).This method is applied to each PM of the 
prototype. We define the RL long term monitoring parameter as 

Gi Ni Qi 
RL = — = — . — (6) 

Cl Ni Q, 
N is deduced from the variance of q c and relation (5). Ql, Nl, Gl are the values of the first 
running period ( time t=ti ) and Qi, Ni, Gi those at any later period (time t=tj ).With the two 
references PR1 and PR2 we obtain two long term monitoring parameters RL1 and RL2. 
3.3 Verification of the monitoring with an Am-Be source. 

We have used an Am-Be source (4.43 MeV y) to irradiate the prototype cells from a fixed 
geometrical position. If we assume that the scintillation light (emission, transmission) and the 
PMs quantum efficiency (like in the short term method) are stable, we can define a monitoring 
parameter for the y radioactive source as : 

CHj Gj 
RY= Z= = — (7) 

CHi Gi 
Here CHj, CHi are charges associated with the y spectra respectively at the times t = ti and 
t = u. Fig.4 displays a typical Am-Be spectrum obtained for one PM. The analysis of such 
distributions is difficult and is described in [Ref 8]. 

4. THE EXPERIMENTAL RESULTS. 

The results are based on 12 runs taken during a data acquisition period of 20 days. At each 
run 30 000 light puiser events were recorded and immediately followed by the acquisition of 
source events of the two references PR2 and PHR . From time to time that set of data was 
completed for the prototype PMs with the y spectrum of the Am-Be source. During this period 
we have met problems of temperature and electric power instabilities. Fortunately, results do 
not seem to depend on these conditions.The first run, t = ti = 0, is defined to be the reference 
run with a gain value Gl.Then for each of the other runs we evaluate the monitoring parameters 
R( t = tj ) = Gi/ Gi at each time t = t j . We calculate : 
-The two short term monitoring parameters : 

- RS2 obtained from the reference PR2 (PM), 
- RS3 obtained from the reference PHR (photodiode). 

-The two iong term monitoring parameters : 
- RL1 obtained from the reference PR1 (PM), 
- RL2 obtained from the reference PR2 (PM). 

-The source monitoring parameter (from time to lime ) : 
- Ry obtained from the Am-Be source. 
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4.1 Typical monitoring parameters for one prototype PM f PM]). 
Fig.5a shows the evolution, for the PM1, during 20 days, of the two short term 

parameters RS2, RS3 and the source monitoring parameter Ry. The error is statistical. We 
observe a good agreement between these three values at each run. For two measurements we 
have changed the high voltage (HV) on the PM (+20 and -20 volts) and we clearly see the 
corresponding variation of the monitoring parameters. The change due to the HV is also clear 
on Fig. 5b which displays the two long term monitoring parameters RL1 and RL2. We also 
notice good agreement between the two set of values. In fact this agreement allows us to define 
the mean value : RL = 1/2 (RL1+RL2) which has a better statistical significance. Fig.6a 
illustrates, the evolution of RL and Ry. The two results are in good concordance inside the 
experimental errors.During the whole test period the light puiser fluctuates and slowly changes. 
The mean values of the collected charge on a PM (Q) and of the number of photoelectrons (N ) 
vary. Fig.7 indicates a typical behaviour of N as a function of Q. Each point represents one 
run. Here, the two points which are far away from the averaged slope (proportional to 1/G) 
correspond to an appreciable change of the gain when the HV has been increased and 
decreased. The number N is not constant. We have studied a normalized number of 
photoelectrons Nph = N.(S/QR ) which should be constant if we have stability of the light 
transmission and stability of the PM quantum efficiency. Fig.6b shows the evolution of the 
ratio Rn = Nph (t=ti) / Nph (t=tl) calculated with the PHR reference data . This evolurion 
confirms, inside the stastistical errors, the fair stability of the optical light transmission and the 
stability of the photocathode efficiency . 

4.2 results for all the prototype PMs. 
In order to estimate the errors on our monitoring parameters, we have represented (fig.8 

and fig.9) for 8 PMs of the prototype and 11 runs, the histograms of the following variables: 
RS2-RS3, RL1-RL2, RL-RS3, RS3-Ry, Rn-l. The corresponding mean value m and standard 
deviation o" are : 

RS2-RS3 : m = - 0 . 1 % CT = 0.5% Fig.8a (88 data points) 
RL1-RL2 : m= 0.1% a =1,1% Fig.8b (88 data points) 
RL-RS3 : m = 0.3% a = 1.5% Fig.8c (88 data points) 
RS3 -RY : m = 0.2% o = 1.1% Fig.Sd (20 data points) 
R n - l : m = -0.3% a = 1.5% Fig.9 (88 data points) 
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Statistics are not very high but the histograms have a gaussian shape which indicates no large 
effect due to systematic error. Any deviation of rn from zero reflects a possible bias between 
two measurements. On the other hand a is correlated to the total error (statistics + systematic). 
The two short term monitoring parameters (Fig.8a) and the two long term parameters (Fig.8b) 
are in good agreement -The histogram X=RL-RS3 (fig.8c) has a mean value compatible with 
zero and the standard deviation o=1.5 % includes the statistical errors (due to the counting, the 
pedestal substractian, the differential ADC linearuy...etc) and also the systematic uncertainties . 
We have: o 2 x = i.1.5%)2 = o2RL(stat) + a2RL(syst) + o2RS3(stat) + a2RS3(syst). 
We find 0RL(stat) =1.2% and <JRS3(stat) = 0.5 % as results of our calculations. 
If we assume <JRS3 (syst) = 0 as suggested by the histogram ( fig. 8a ), we can estimate 
ORL(syst)^ 0.5 %. The total u" certainty associated to a single RL measurement is CTRL ̂ 1.4 % 
and is dominated by statistics. Fig.8d displays the difference between the short term monitoring 
parameters RS3 and Ry. The statistics are small (only 20 measurements) but the results show 
no appreciable error in the determination of the monitoring parameters. Finally, Fig.9 displays 
the histrogram of Rn - I, the values m = - 0.3 % and a = 1.5 % are compatible with the 
validity of the short term method during our measurement period. 

5. CONCLUSIONS. 
We have described a method and an experimental layout allowing the control of the 

photomultipliers gain using an artificial blue light puiser and three reference detectors.The shon 
term method (based on the signals average and several stability assumptions : - light 
transmission ,- quantum efficiency of the detectors,- references sources and their associated 
scintillators) has been compared to the long term determination (based on a '.undamental 
equation of the PM charge at first order). In fact both methods, short and long term methods, 
are in good agreement during the 20 days of our study and verify the gain measurements 
obtained with an Am-Be source. 
Finally with 88 gain measurements (each of 30 000 events) we arrive at the following 
conclusion : 

1) over a 20 days period the basic assumptions concerning the short term method seem 
to be valid. The precision of the monitoring parameter is of the order of 0.5% 

2) the long term method requires more statistics, has no stability assumption and is 
experimentally valid. The precision on the monitoring parameter is estimated to be better than 
1.4 %. The long term monitoring parameter should be available, with such a precision, to 
control during a long period of time, the photomultipliers relative gain . 
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FIGURE CAPTIONS. 

1. The experimental layout. 

2a. A typical charge spectrum of the light puiser on one prototype PM. 

2b. The same distribution after correction is a gaussian-like spectrum corresponding to a 

light source emitting a constant number of photons. 
3a. The fit of the 2 4 l Am spectrum on Reference PR2 with a gaussian distribution and a 

background. 
3b. Thefitof the 12?..and 136.5 ke V y rays of the 57Co on reference PHR. 
4. A typical y spectrum of the Am-Be source with the pedestal, obtained on one prototype 

PM.The shoulder corresponds to the Compton edge of 4.43 Mev y. 

5a. The evolution of the two short term monitoring parameters RS2r RS3 and of the source 
monitoring parameter Ry(PMl).Ry errors correspond to an estimation of the fit 

errors. 
5b. The evolution of RL1, RL2 the two long term monitoring parameters (PM1). 
6a. The evolution of the average long term monitoring parameter RL = \}2 (RLY+RL2) 

and of the source monitoring paramameter Ry (PM 1). 
6b. Theevolution of the ratio of the normalized number of photoelectrons Rn(PMl). 
7. The number of photoelectrons Nasa function of the average collected charge Q(PM1). 

The straight line is hand-drawn. 
Sa. The histogram of the difference between the two shoit term monitoring parameters 

(RS2-RS3), (88 datas points : 11 runs - 8 PMs). 
8b. The histrogram of the difference between the two long term monitoring parameters 

(RL1-RL2), (88 datas points: U runs - 8 PMs). 
8c. The histogram of the difference between average long term RL and short term RS3 

monitoring parameters (88 datas points: 11 runs - 8 PMs). 
8d. The histogram of the difference between average short term RS3 and source Ry 

monitoring parameters (20 datas points: 10 runs - 2 PMs). 
9. The histogram of the difference RÏÏ-1 ,Rn being the ratio of the normalized number of 

photoelectrons (88 datas points : 11 runs - 8 PMs). 
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