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TECHNICAL REPORT

Afterpulse timing and rate investigation of three
different Hamamatsu Photomultiplier Tubes

U. Akgun,*A.S. Ayan, G. Aydin, F. Duru, J. Olson and Y. Onel

The University of lowa, Department of Physics and Astronomy
lowa City, 1A, 52242, U.S.A.
E-mail: jugur - akgun@ii owa. eduy|

ABSTRACT. We present the results of the tests performed on 90 photiined tubes (PMT) to
characterize their afterpulses. Three different types ambematsu PMTs (R7525, R6427, and
R1398) were studied for their afterpulse rates and timingkff@rent incident light intensities and
gain values, at the University of lowa PMT test station. Adtdse rates show slight increase with
the PMT gain, but there is almost no dependence on incidght iintensity. Three specific time
delays are determined for the afterpulses, and their iddalirate contributions are characterized.
The results from manufacturer’s independent tests on RP3%s are reported, as well. The
possible effects of these afterpulses on the future hadsthider experiments are also discussed.

KeywoRDS. Photon detectors for UV, visible and IR photons (vacuunmp{pmultipliers, HPDs,
others); Calorimeters.
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1. Introduction

Afterpulses are small signals, few photoelectron levedt tippear after the main pulse of a pho-
tomultiplier tube (PMT) [[L]. These narrow pulses can eab#yobserved with an oscilloscope as
shown in figurg]l. Afterpulses are divided into two categodepending on their delay from the

main pulse. The short delay afterpulses appear up to seeemsbf nanoseconds after the signal.
They are caused by the elastic scattering of the electrams fne first dynode. The long delay

afterpulses appear from several tens of nanoseconds t@akmieroseconds after the main pulse.
The main cause of these afterpulses are the positive ionshvaie generated by the ionization
of residual gases in the PMT][2]. All the afterpulses disedsi this report are long delay af-

terpulses. The afterpulse effects on counter measurerifiinand different afterpulse reduction

techniques[]4,|5] have been studied earlier.

This report focuses on the afterpulses from 84 Hamamats@RPMTs, which is a 8-stage,
head on PMT with a bialkali photocathode. Hamamatsu R752%$4\e selected to be used on the
forward calorimeter of the Compact Muon Solenoid (CMS) eipent. We also report the results
from the tests on the similar type of PMTs, five Hamamatsu R18% one Hamamatsu R6427,
for comparison purposes. Results of the manufacturerispeddent tests on R7525 afterpulses are
included into the discussion and conclusion section. Thesipte effects of PMT afterpulses on
future collider experiments are also discussed.

2. Test setup

The setup used to measure the timing and charge accumultithe afterpulses is shown in
figure[2. The charge accumulation measurements were donsirny eCroy 2249 ADC, which
was monitored online with LabView software. The timing measents were performed with
5Gs/s Tektronix Digital oscilloscope. Since the afterpslappear as random fast flashes, we used
the envelope function of the digitial scope to see them orstieen (see figufd 1). A blue LED,
with peak wavelength of 420 nm was used as light source. Tihalilight intensity is set to 500
photoelectron level. The LED was driven by a dual pulser phavides TTL gate signal, as well.
We used LeCroy 222 dual gate generator to create gate signalfigger (see figurg 2).
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Figure 1. A sample scope view of the Hamamatsu R7525 PMT afterpulsasgain of 16. The blue
line shows the 125 ns gate, the yellow line shows the signath Biputs are shown in envelope mode for
demonstration purposes.

HV Power Supply Power Supply

ND Filter Wheels

PMT @—@7 Blue LED I

‘ Trigger Output ‘

Gate Dual Pulse Driver

Signal

CAMAC + LeCroy ADC

LABVIEW A
D Gate
Signal

Tektronics Digital Oscilloscope

Figure2. The setup used at the University of lowa PMT Test StationHerdfterpulse measurements.

3. Afterpulsetiming

We measured the afterpulse delays of 35 Hamamatsu R7525 Riiespect to the main signal.
The 2000 scope samples with the resolution of 800 ps werededan 4pus range. The afterpulses
have a width around 4 ns. To make sure that each afterpulseiigezd once, the afterpulses in 4ns
bin are counted as single afterpulse.

The afterpulses appear randomly in a big time range, bug thier three specific delay regions
where most of the afterpulses are localized (see fifjure 3).s&ime PMTs, only one or two of
these peaks appear, but the majority of PMTs have afterpwoisall three regions. We specified
the locations of these afterpulse timing regions with respe the mean position of the signal.
Then fitted these peaks into gaussian, and recorded the mdasigma values. The results are
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Figure3. Delays of the Hamamatsu R7525 (Serial Number 1372) afteegwlith respect to the main signal,
at a gain of 16. Three distinct afterpulse timing regions can easily betified.
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Figure4. Timing delays of the afterpulse positions with respect todignal peak position, at a gain of®10
Data points show the mean, and the error bars are thiethe gaussian fits.

summarized in figurg 4. The three specific afterpulse delgipms are as follows: 110 ns - 150 ns,
270 ns - 310 ns, and 540 ns - 610 ns with respect to the mainsimase afterpulse timing values
were calculated at a gain of 4.0

We repeated the tests at a gain of 40d 1@. The afterpulses appear to be delayed up to 10%
for lower PMT gains. The timing measurements done on Hammama6427 and R1398 PMTs
yield very similar afterpulse timing distributions.

4. Afterpulse charge accumulation rate

We measured the charge accumulation at the areas wherédipuides are localized and compared
it to the charge accumulation of the main signal. We used @@ gate size (125 ns) and moved



it throughout the time scale with a delay unit. We recorde@®Q0 events with ADC, and calculated
the charge accumulations from the signal and the afterpatiens. The afterpulse rate is defined
as the ratio of the integrated charge of the afterpulsesatioattrue pulse. This rate can be stated
as:

RATE= (QAfterpuIsJQSignal) x 100

For each PMT, the afterpulse rate at all three afterpulsmgmegions are calculated. We also
investigated the variations on the afterpulse rates féemtint light intensity and PMT gain levels.

The figure[b shows the afterpulse rates of three differerdstygd PMTs at various light inten-
sities. The afterpulse rate of the R7525 and R6427 PMTs dwargtwith incident light intensity,
it is almost constant at around 3% to 4%. Whereas R1398 PMAId wround 30% rate at 100
photoelectron signal level, as the incident light intgnsicreased the afterpulse rate reduces, and
it reaches to %10 at 650 photoelectron level.

The afterpulse rates of three different types of PMTs atouarigain levels are shown in the
figure[f. The R7525 and R6427 PMTs yield a rate of 2% to 4% atrga@s, and it slightly
increses up around 4% to 5% at the gain of.1®n the other hand, the R1398 PMTSs yield the
afterpulse rates changing considerably with the PMT gaimfi0% to 25%. The rate is higher at
lower gain values.

The variation of the charge carried by afterpulses withedéht delays is also investigated.
Figure[¥ shows the afterpulse rates of the 84 R7525 PMTs, floee distinct timing regions
separately. The contribution of the individual timing maug to afterpulse rate is almost always less
than 2%. The first afterpulse region (between 110 ns and 1p@ields less than 0.4% rate. The
second afterpulse region (between 270 ns and 310 ns) yieltstalways less than 1% rate. The
third afterpulse region (between 540 ns and 610 ns) showsuak as 2.5% rate for some R7525
PMTs.

Charge accumulation rates at different repetition ratébefncoming LED pulses was inves-
tigated as well. The rate of the PMTs do not show any variatiith the frequency of the incoming
light.

5. Discussion and conclusion

The manufacturer (Hamamatsu) provided us independentpafse measurements on the
R7525 [p]. Hamamatsu uses two different techniques: Chistgee and Counting Mode[JlLO].
The afterpulses were reported to appear in the firsp@éc after the main signal. The test results
show afterpulse rate of. B9+ 0.45 for charge mode and 2+ 0.36 for counting mode. These
rates are measured by integrating the charge of the afsepfibr 10 microsecond region with the
gain of 16. Itis reported that incoming light and pmt gains do not hagaiicant effect on the af-
terpulse rate. The manufacturer is positive that the aftegs 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 R7BR5Ts and on the samples from
other PMT types (R6427, and R1398). There are 3 distincitimig regions in which afterpulses
appear. These timing positions tend to shift with the gaithef PMT. These discrete delays of
the afterpulses are in good agreement with Het, and CH, gas molecules]4, 11]. The charge
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Figure 5. Charge accumulation rates of 3 PMT types for different ligit¢nsities. Black circles-R1398,
blue triangles-R7525, red squares-R6427.
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Figure 6. Charge accumulation rates of 3 PMT types, for different PMingalues. Black circles-R1398,
blue triangles-R7525, red squares-R6427.

accumulation rate of the afterpulses from R7525 and R64@hwrasured to be around 3% to
4%, and this rate does not vary much with the intensity of et lor with the gain of the PMT.
However, R1398 PMTs have substantially higher charge agtation rates. We discussed our
results with the manufacturer, the only possible explanator the R1398 high afterpulse rate is
aging. The R1398 PMTs used for these tests are 8 years oldhardcuum inside them has been
worsened in time. Especially, small gas molecules leaktimd®MTs from atmosphere, contribute
to the high rate[[10]. R7525 and R6427 PMTs are 1 year old, \we@&same behavior from R7525
and R6427 PMTs in time.

The PMTs similar to are effectively used in high energy pby®xperiments, especially in
calorimeters for energy measuremefts [[6—8]. The high grngsics is entering a new era with
the future hadron colliders, which will have unprecedertiedm energies and very short bunch-



ol
1

= ]
S 4 ]
o [ ]
S i
@ o ]
O r ® T
v r . A ° N ]
a2 ot ]
S = ° A .
o - R 4 . B
fr s C . A A A, aa * ]
< 11— ‘A:AA o e - " " A R AA —
L A i
L = ae ‘ N .‘*;'.A : O‘:: faa A,
C ‘ A IO.‘A-q"! e ‘F. Y e :ll K- 5

g m\ L1 L !-.- \\A\d !! M!‘sﬂ L, |

0 1 0 40 50 60 70 80

PMT

Figure 7. charge accumulation rates of 84 R7525 PMTs at a gain &f fod three distinct timing delay
regions: Red 110ns - 135 ns, blue 270 ns - 310 ns, and black $4®10 ns. The data taken with 650
photoelectron light intensity.

crossing times. The Large Hadron Collider (LHC) is the fifshe future hadron colliders. It will
run at a high luminosity (1% cm~2s~1) and with 14 TeV of center of mass energy. The designed
bunch-crossing time of the LHC is 25 ns, and it is foreseereteMen shorter after a future upgrade
(superLHC). With the short bunch crossings, there is a pdgithat the afterpulses from previous
collisions are recorded as a new signal in the absence ofuBesignal, or change the strength of
another true signal. These effects will create increasakia fates, and errors on the jet and missing
transverse energy (MEmeasurements in the calorimeters.

The future collider experiments will search for the Higgsdio, its properties, and signature
of new physics like supersymmetry (SUSY). The precise jergyn measurement, and accurate
ME; measurements will be crucial. For low mass Higgs boson swenfi2] or low mass SUSY
points [13] the average missingjis around 30 GeV.

This report shows that PMT afterpulses have the potentibénfg a source of error in this en-
ergy scale. Since the afterpulses do not change with inapligiht intensities, at lower intensities
(i.e. few photoelectron level), the amplitude of the aftésp can be bigger than the signal [2].

This report focused on the Hamamatsu R7525 PMTs which wéseted to be used in CMS
experiment hadronic forward calorimeté} [8]. For the MBeasurement in the forward region,
CMS experiment heavily relies upon the presicion of theselPMAs time passes the afterpulse
rates of PMTs are going to reach to higher levels. This stadgals the specific delay times and the
rates of the expected afterpulses with different gain agwiedilevels for Hamamatsu R7525 PMTs.
These effects should be taken into account during offlineajetl ME reconstructions. Consid-
ering that the projected run time of the LHC is 10 years, th8Z/PMTs should be monitored
continuously for the effect of aging on afterpulse rates.
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