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Abstract 

The performance of mesh-type photomultipliers with a diameter of 1'\ 1.5" and 2" 
respectively has been measured in magnetic fields for different angles between the field 
direction and the axis of the photomultiplier. Moreover the response was determined for 
light incident at different places of the cathode. In addition we have developed a model 
which describes the shape of the measured gain distributions. 

1 Introduction 

Recently the interest to use photodetectors in strong magnetic fields has grown fl, 2). The 
proposed upgrade project of the HI detector [3] to use a spaghetti calorimeter [4] for the 
measurement of electrons at small scattering angles, may serve as an example. The light 
output of this calorimeter amounts to 1 - 2 photoelectrons per MeV deposited energy. The 
need to detect this small sigilal combined with the requirement of precise timing information 
and detection of minimum ionizing particles in order to reject the high background from beam 
gas interactions forces to use a high ga.in photon-detector which has to work in a field of 
1.2 Tesla. The fine mesh type photoLubes recently developed by Hamama.tsu [5] promise to 
fulfill the requirements. 

These photomultipliers have a semitransparent photocathode followed by parallel planes 
of fine meshed dynodes. The typical mesh width is 6pm, the mesh spacing 12pm and the 
thickness of the mesh amounts to 2p,m [6]. In table 1 we have collected the typical paramcLer::. 
of the photomultiplier tubes studied [5]. 

2 Experimental results and their interpretation 

2.1 Experimental set-up and analysis procedure 

The number of photoelectrons np and the gain G of -the dynode system has been measured 
with the help of a pulsed LED positioned in front of the photomultiplier. The anode-signals 
of the phototube are fed into a charge sensitive AI;)C which is gated by the pulse generator of 
the LED and read out by a personal computer. An apert.ure of 1 mm diameter is positioned 
between the LED and the phototube to confine the signal to a limited region of the ca.thodc. 
This arrangement. allows to measure local variations of the cathode efficiency and of the photo­
multiplier gain. The whole set-up was enclosed by a light tight box _and positioned in the gap 
of a large dipole magnet with a homogeneous field of B _-:; 2 Tesla. The amplification was stable 
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during the data taking. A weak dependence of the LED output ($ 4%) on the field strength 
was observed. The data were corrected for this effect [7]. 

The number np of photoelectrons and the gain of the dynode system is derived from the 
mean S and variance a, [8] of the recorded distribution. We assume that the production of 
photo- and of secondary electrons is governed by Poisson statistics. In this case the number of 
photoelectrons is given by the expression 

( 
n k ) (" )-' np= 1+ Ell6;--1 x.; (I) 

where n is the number of dynodes and 6; is the amplification of the dynode i. 
Since in our set-up the voltage between succeeding dynodes is equal, we assume a constant 

amplification 6 for all dynodes. Hence we get 

n, = (§_)' x -
0 

(}'~ 5-1 
(2) 

The gain is given by 

G=S"= SxQ 
np x e (3) 

where Q is the charge per ADC channel. Combining equation (2) and (3) allows to determine 
G and np iteratively. Further details of the set-up and the analysis procedure are given in 
reference_ [7]. 

2.2 Results 

The measured gain G is shown in figs. la-c for the three types of photomultipliers studied. The 
following qualitative behavior is observed. For large field strengths the gain drops exponentially. 
A plateau is observed for the 1" tube forB ::; 0.4 Tesla. For the 1.5" tube this interval is narrower 
and it disappears for the 2" tube. The 1" and the 2" tube thus still have an appreciable gain for 
the nominal field of 1.2 Tesla of the H1 detector. Note that the 1.5" tube has only 12 dynodes. 

The gain varies within the sample of four 1" photo tubes available for our measurements as 
demonstrated by fig. 2 where the average gain of the four tubes and its variance is shown. The 
variation amounts to 20% at 1.2 Tesla., hence - aiming for high precision - a teat of all tubes iO: 
the nominal field is necessary before they are installed in the experiment. 

The gain of the phototubes as a function of the angle 8 between the field direction and the 
tube axis is plotted in fig. 3. Only a modest dependence is observed· at small angles. Hence 
no significant gain variations are expected when the tubes are installed within a. precision of a 
few· degrees in an experiment. Two additional features are observed. At angles around 35° the 
gain drops steeply. The angle at which this drop starts increases with B. 

Finally, Lhe gain of the 1" tube has been measured as a function of the field B for different 
impact points of the photons on the cathode (fig. 4). Only a weak field dependence is observed. 
This changes dramatically if one plots the number of photoelectrons as a function of the impact 
position for different fields (fig. 5). The area of the cathode which allows efficient photon 
detection shrinks wiLh increasing field strength by roughly a factor of two. 

2.3 Discussion of the results 

We have developed a simple model to interpret the shape of the distributions presented in figs. 
- 4. As input of the Monte Carlo simulation we use the solution of the electron's equation of 
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motion in Lhe combined static electric and magnetic field. We assume that the electric field is 
parallel to Lhe photomultiplier axis. The energy spectrum of the secondary electrons is supposed 
to follow a distribution given in [9], a parametrization of this distribution is tliscussed in ref. [7]. 
The angular distribution of the electrons leaving the dynode is isotropic [9]. We assume that 
the energy and the angular distribution of the secondary electrons a.re independent of each 
other. 

The amplification due to a single dynode depends on the angle ¢ between the direction of 
the primary electron a.nd the normal to the dynod-e plane. We take the parametrization of [10] 

1 
b~eo.l "' cosifJ · (4) 

The ideal amplification of a dynode is a sum of two terms describing the probability of an 
incoming electron to pass the dynode plane via a. hole or hit a bar of the grid respectively: 

O!~f = Pfo,e + P;;;d x breo.l x P~:te(O, B) (5) 

where P[;,~ is the probability of a primary electron to pass the dynode through a hole . It 
depends weakly on the field strength of the magnetic field ( < 1 %) [7]. 

P:;;d = 1 - P[;,e (6) 

The factor 
1 

"""' = k X l>.U X -- (7) cos¢1 
is the rea.l emission rate of secondary electrons from the dynode which depends on the voltage 
difference t:J.U between two succeeding dynodes and on a material specific constant k. Ph_~fe is 
the probability that a secondary electron is produced a.t the dynode and passes it via a hole. In 
fig. 6 the results of the calculation of Ph:fe , which is the most sensitive term in (5), are shown 
as a function of the field B. The angle 0 between the field direction and the photomultiplier 
axis is varied in the interval 0" ~ 0 ~ 40". 

A further reduction of the gain is due to the loss of electrons at the edges of the dynodes 
as the center of gravity of the electron cloud follows the direction of the magnetic field. Due 
to the finite tra.nsverse radius of the helix a fraction of the electrons m1sses the edge of the 
grid. This effect is largest for small magnetic fields. We have combined this effect into a factor 
f(O,B,t>.U)o 

"·JJ = J(O,B, t!.U) X ·:~1 
The overall gain of the n-stage dynode system is given by 

G = (S,JJ)" 

(8) 

(9) 

In fig. 7 we compare the measured gain with the. model prediction. The simulations are nor­
malized to the measurements at 0.2 Tesla. by a proper chosen value of breo.l· The characteristic 
features of the measurements are reproduced. The exponential decrease is due to the decrease 
of Pt!fe with increasing B. The plateau observed for B :$; 0.4 Tesla ca.n be traced back to the 
¢dependence in formula (4) a.nd to the decrease of J(O, B, b.U) with decreasing B. As pointed 
out the latter behavior is due to the increasing radius of curvature of the electrons if the field 
decreases. 

Also the dependence of the gain on the angle () between the field direction and the photo­
multiplier axis is nicely reproduced (fig. 8). The sharp drop for large angles 0 is due Lo ~he 
factor f(O, B, !::!..U) which approaches zero for large angles fJ since the center of gravity of the 
electron cloud misses the anode and the radius of curvature gets small at large fields. The slow 
increase of the gain at small angles can be traced back to the influence of Pi.:fe in formula. (.5). 
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3 Summary 

A mesh t.ype photoLube is well suited for photon detection in strong magnetic fields, since its 
gain is large even at fields of 1.2 Tesla. It is insensitive to small installation uncertainties, if the 
angle between the tube axis and the field direction is smaller than 20°. Moreover, we achieved 
a qualitative understanding of the tubes sensitivity to such external parameters as magnetic 
field and _angle 0 betw~n tlw field di_rec;tiol,l a.nd _the phototube axis. The model can be used 
to optit.,;_iz~ ~p~~a.ii~~a.l char~£eristic~. ·- . .. - . 
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Table: 

PM Typ R3432-01 R2021 R2490-05 
1" 1.5" 2" 

tube length 55 85 68 
without pins [mm] 
tube diameter [mm] 25.4 39 68 
effective cathod 17 25 36 
diameter [mm] 
window material borosilicate borosilicate borosilicate 
cathode material hi alkali hi alkali hi alkali 
sensitive wavelength 300- 650 300- 650 300- 650 
region (om] 
maximum sensitivity [om] 420 420 420 
No. of dynodes 15 12 16 
nominal high 2000 2000 2500 
voltage [V] 
maximum high 2500 2500 2700 
voltage [V] . 

Table 1: Parameters of the used photomultipliers [5] 
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Figure 1: Gain of the fine mesh phototubes a.s a function of the magnetic field strength parallel 
to the tube axis. a) 1" tube, U = 2000V; b) 1.5" tube, U = 2000V; c) 2" tube, U = 2500 V 

6 



Gain ,-----------------~ 10' 

106 

105 

104 

103 

10 2 ~~~~~~~~~~····· 
1.5 2.0 0.0 0.5 1.0 

B [TJ 

Figure 2: Average gain of four 1" phototubes (U = 2000 V) as a function of the magnetic 
field B. The length of the error bars indicates the variance of the sample. 
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Figure 3: Gain of the 1" phototube as a function of the angle 0 between the tube axis and the 
direction of t.he magnetic field for three dilferent field strengths B. The full lines are included 
to guide the eye. 
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Figure 4: Gain of the 1" phototube as a function of the field strength B for different impact 
points of the photons on the cathode. 
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Figure ~: Number of photoelectrons for the 1" phot.otube as a function of distance of the 
impad point from Lhc phototube axis for different field strengLh B. 
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Figure 6: Probability P/.~'te of a secondary electron to pass a hole of the mesh for different 
angles between the phototube axis and the magnetic Held. The lines are s!Jown to guide the 
eye. 
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Figure 7: Comparison of measured and simulated gain of an 1" phototube 
the magnetic field B. The curves a.re normalil;ed t'o each other at 0.2Tesla. 
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Figure 8: Measured and simulated (full line) gain of an 1" phototube as a function of the 
angle 0 between the phototube axis and the magnetic field. 
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