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ABSTRACT: We present the results of the tests performed on 90 photomultiplier tubes (PMT) to
characterize their afterpulses. Three different types of Hamamatsu PMTs (R7525, R6427, and
R1398) were studied for their afterpulse rates and timings at different incident light intensities and
gain values, at the University of lowaPMT test station. Afterpulse rates show slight increase with
the PMT gain, but there is amost no dependence on incident light intensity. Three speci ¢ time
delays are determined for the afterpulses, and their individual rate contributions are characterized.
The results from manufacturer’s independent tests on R7525 PMTs are reported, as well. The
possible effects of these afterpul ses on the future hadron collider experiments are also discussed.
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others); Calorimeters.
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1. Introduction

Afterpulses are small signals, few photoelectron level, that appear after the main pulse of a pho-
tomultiplier tube (PMT) [fl]. These narrow pulses can easily be observed with an oscilloscope as
shown in gure ] Afterpulses are divided into two categorie s depending on their delay from the
main pulse. The short delay afterpulses appear up to several tens of nanoseconds after the signal.
They are caused by the elastic scattering of the electrons from the rst dynode. The long delay
afterpulses appear from several tens of nanoseconds to several microseconds after the main pulse.
The main cause of these afterpulses are the positive ions which are generated by the ionization
of residua gases in the PMT [B]. All the afterpulses discussed in this report are long delay af-
terpulses. The afterpulse effects on counter measurements [f§], and different afterpulse reduction
techniques [[, [B] have been studied earlier.

This report focuses on the afterpulses from 84 Hamamatsu R7525 PMTs, which is a 8-stage,
head on PMT with abiakali photocathode. Hamamatsu R7525 PM Ts are selected to be used on the
forward calorimeter of the Compact Muon Solenoid (CMS) experiment. We also report the results
from the tests on the similar type of PMTs, ve Hamamatsu R139 8 and one Hamamatsu R6427,
for comparison purposes. Results of the manufacturer’s independent tests on R7525 afterpulses are
included into the discussion and conclusion section. The possible effects of PMT afterpulses on
future collider experiments are also discussed.

2. Test setup

The setup used to measure the timing and charge accumulation of the afterpulses is shown in
gure 3] The charge accumulation measurements were done by u sing LeCroy 2249 ADC, which
was monitored online with LabView software. The timing measurements were performed with
5Gsg/s Tektronix Digital oscilloscope. Since the afterpul ses appear as random fast ashes, we used

the envelope function of the digitial scope to see them on the screen (see gure ). A blue LED,

with peak wavelength of 420 nm was used as light source. The initial light intensity is set to 500
photoelectron level. The LED was driven by a dual pulser that provides TTL gate signal, as well.
We used LeCroy 222 dual gate generator to create gate signal from trigger (see gure 3).
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Figure 1. A sample scope view of the Hamamatsu R7525 PMT afterpulses at a gain of 106. The blue
line shows the 125 ns gate, the yellow line shows the signal. Both inputs are shown in envelope mode for
demonstration purposes.
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Figure2. The setup used at the University of lowaPMT Test Station for the afterpul se measurements.

3. Afterpulsetiming

We measured the afterpulse delays of 35 Hamamatsu R7525 PM Tswith respect to the main signal.
The 2000 scope samples with the resol ution of 800 pswere recorded in 4 psrange. The afterpulses
have awidth around 4 ns. To make sure that each afterpulse is counted once, the afterpulses in 4ns
bin are counted as single afterpul se.

The afterpul ses appear randomly in a big time range, but there are three speci ¢ delay regions
where most of the afterpulses are localized (see gure 3). Fo r some PMTs, only one or two of
these peaks appear, but the magjority of PMTs have afterpulses on al three regions. We speci ed
the locations of these afterpulse timing regions with respect to the mean position of the signal.
Then tted these peaks into gaussian, and recorded the mean a nd sigma values. The results are
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Figure 3. Delaysof the Hamamatsu R7525 (Serial Number 1372) afterpul seswith respect to the main signal,
at again of 108, Three distinct afterpulse timing regions can easily be identi ed.
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Figure 4. Timing delays of the afterpulse positions with respect to the signal peak position, at again of 10°.
Data points show the mean, and the error bars are the o of the gaussian ts.

summarized in gure 4] The three speci ¢ afterpulse delay re gions are as follows: 110 ns - 150 ns,
270 ns- 310 ns, and 540 ns - 610 nswith respect to the main signal. These afterpulse timing values
were calculated at a gain of 10°.

We repeated the tests at again of 10° and 10%. The afterpul ses appear to be delayed up to 10%
for lower PMT gains. The timing measurements done on Hamamatsu R6427 and R1398 PMTs
yield very similar afterpulse timing distributions.

4. Afterpulse charge accumulation rate

We measured the charge accumul ation at the areas where the afterpul ses are localized and compared
it to the charge accumulation of the main signal. We used xed ADC gate size (125 ns) and moved



it throughout the time scale with adelay unit. We recorded 10,000 eventswith ADC, and calculated
the charge accumulations from the signal and the afterpulse regions. The afterpulse rate is de ned
as the ratio of the integrated charge of the afterpulses to that of true pulse. This rate can be stated
as.

RATE = (Qafterpuise=Qsigna) £ 100

For each PMT, the afterpulse rate at all three afterpulse timing regions are calculated. We also
investigated the variations on the afterpul se rates for different light intensity and PMT gain levels.

The gure Flshows the afterpulse rates of three different typ es of PMTsat various light inten-
sities. The afterpulse rate of the R7525 and R6427 PMTs do not vary with incident light intensity,
it is amost constant at around 3% to 4%. Whereas R1398 PMTs yield around 30% rate at 100
photoelectron signal level, as the incident light intensity increased the afterpul se rate reduces, and
it reaches to %10 at 650 photoelectron level.

The afterpulse rates of three different types of PMTs at various gain levels are shown in the
gure §] The R7525 and R6427 PMTs yield a rate of 2% to 4% at lowe r gains, and it slightly
increses up around 4% to 5% at the gain of 10°%. On the other hand, the R1398 PMTs yield the
afterpulse rates changing considerably with the PMT gain from 10% to 25%. Therate is higher at
lower gain values.

The variation of the charge carried by afterpulses with different delays is also investigated.
Figure [§ shows the afterpulse rates of the 84 R7525 PMTs, from three distinct timing regions
separately. The contribution of the individual timing regions to afterpulse rate is almost aways less
than 2%. The rst afterpulse region (between 110 ns and 150 ns) yields less than 0.4% rate. The
second afterpulse region (between 270 ns and 310 ns) yields amost always less than 1% rate. The
third afterpulse region (between 540 ns and 610 ns) shows as much as 2.5% rate for some R7525
PMTs.

Charge accumulation rates at different repetition rates of the incoming LED pulses was inves-
tigated aswell. The rate of the PMTsdo not show any variation with the frequency of the incoming
light.

5. Discussion and conclusion

The manufacturer (Hamamatsu) provided us independent afterpulse measurements on the
R7525 [[]. Hamamatsu uses two different techniques: Charge Mode and Counting Mode [fIq].
The afterpul ses were reported to appear in the rst 2.5 psec after the main signal. The test results
show afterpulse rate of 3:19 8§ 0:45 for charge mode and 4:12 8 0:36 for counting mode. These
rates are measured by integrating the charge of the afterpulses for 10 microsecond region with the
gain of 106. It isreported that incoming light and pmt gains do not have signi cant effect on the af-
terpulse rate. The manufacturer is positive that the afterpul ses from R6427 and R1398 are designed
to be at the same afterpulse rate level with R7525.

At the University of lowa, we studied afterpulses on 84 R7525 PM Ts and on the samples from
other PMT types (R6427, and R1398). There are 3 distinctive timing regions in which afterpulses
appear. These timing positions tend to shift with the gain of the PMT. These discrete delays of
the afterpulses are in good agreement with H;, He*, and CH}; gas molecules [B, []. The charge
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Figure 5. Charge accumulation rates of 3 PMT types for different light intensities. Black circles-R1398,
blue triangles-R7525, red squares-R6427.
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Figure 6. Charge accumulation rates of 3 PMT types, for different PMT gain values. Black circles-R1398,
blue triangles-R7525, red squares-R6427.

accumulation rate of the afterpulses from R7525 and R6427 are measured to be around 3% to
4%, and this rate does not vary much with the intensity of the light or with the gain of the PMT.
However, R1398 PMTs have substantially higher charge accumulation rates. We discussed our
results with the manufacturer, the only possible explanation for the R1398 high afterpulse rate is
aging. The R1398 PMTs used for these tests are 8 years old, and the vacuum inside them has been
worsened intime. Especialy, small gas molecules leak into the PM Ts from atmaosphere, contribute
to the high rate [[L[0]. R7525 and R6427 PMTsare 1 year old, we expect same behavior from R7525
and R6427 PMTsin time.

The PMTs similar to are effectively used in high energy physics experiments, especialy in
calorimeters for energy measurements [§ §]. The high energ y physics is entering a new era with
the future hadron colliders, which will have unprecedented beam energies and very short bunch-
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