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Abstract — The CMS-HF Forward Calorimeter has specific requirements for
the construction and the operation of the detector. The phototubes suggested
by several manufaciirers were iesied and Hamamarsu R7525HA photomud -
riplicr wbe conformed best to these requirements. Abour 2000 PMTs were
needed in the HF caloriteter. The timing, dark current, and relative gain val-
ues of these 2000 phototubes were measured and organized into a database.
Single phatoelectron spectrum resolution, absahue gain versus high voltage,
and the lifetime were measured on a small sample. Except a few phototibes
with unacceptably high dark currents, all the tubes were well within the speci-
fications.

Keywards — photomultiplier. calorimetry. high energy physics experiment,
Cherenkov light. PMT dark current, PMT absolute gain. relative gain.

I. INTRODUCTION

The HF Forward Calorimeter is designed to be sensitive
over a pseudorapidity region from three to five. This is very
helpfu! for the detection and clear identification of heavy higgs
and the SUSY scarches in the CMS experiment at the new LHC
facility at CERN.

There are two HF Forward Calorimeter units at each end of
the CMS. Each unit has an active radius of 1.4 m and consisis
of iron absorbers, [ibers, and phototubes. Very high energy
particles passing through the iron absorber produce a shower
of particles. Relativistic particles in these showers generate
Cherenkov light when they raverse through the quariz fibers
in the calorimeter. This Cherenkov light is then transmitted
by the fiber onto the phototubes. The energy of the primary
particle can be determined by collecting all the light generated
in the fibers and converting it to an appropriate signal.

Phototubes that convert the Cherenkov light into electrical
pulses will play an important role in the performance of the
calorimeter. Selecting the optimum photomultiplier tubes that
will perform best under the LHC conditions and obtaining the
relevant information for all the tubes are crucial for the reliable
operation of the calorimeier.
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II. SELECTION PROCESS

The overali design of the CMS detector and the HF Forward
Calorimeter defines the specifications of the phototubes that
are needed in the HF Forward Calorimeter. LHC parameters
put additional constraints on the phototubes. Overall require-
ments for the phototubes by the HF calorimeter concerning
the physical specifications of the phototubes, such as having
a borosilicate glass window, 22-28 mm head-on effective pho-
tocathode diameter, more than 15% quantum efficiency over
400 to 500 nm light wavelength range, a photocathode that can
operate over an accumulated charge of 200mC, and an opaque
and HV conductive coating, were met by the manufacturers
when they made their suggestions.

There were additional requirements concerning the opera-
tional specifications of the phototubes. The CMS-HF Forward
Calorimeter requires that the PMTs have spatial uniformity
within 20%, 10* to 10° current gain at 75% of its maximum
HYV, 50% or better single photoelectron resolution defined as
rms/mean, and less than 2nA dark current. They should be fast
enough to provide less than t 5Sns FWHM pulse widih. less than
25ns transit time with a maximum spread of 2 ns, and less than
5ns rise time. They should also operate up to an accumulated
charge output of 1500 C within their specifications.

There were five PMT types suggested by the manufac-
turers. These candidate PMTs were R7525HA by Hama-
matsu, XP3182 and XP2960 by Photonis, and D843WSB and
D844WSB by Electron Tubes,

These candidate tubes were tested under the same condi-
tions for their performances. All the measurements were done
at the University of Towa PMT test station developed for the
eventual measurement and quality check of all the tubes prior
to the installation in the calorimeter. The measurements were
especially designed to compare the candidate tubes for their
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Fig. 1. Test setup for iming measurcments.
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compliance with the HF Forward Calorimeter requirements re- 2
lated to the operational specifications. “

The University of lowa PMT Test Station comprised of
three setups: timing measurements, gain and dark current mea-
surements, and lifetime measurements. All the measurements
were carried out in light-tight dark boxes.

We used a 337nm pulsed laser 1o measure the timing char-
acteristics[ 1], [2] of the PMTs. The light pulses from the laser
were first directed onto a beam-splitier. Then the reflected light
went onto a PIN diode 10 provide the trigger for the measuring ; ‘ ;
system. PIN diode signal also provided the reference time for nléfvméﬁ} e -
some ol the measurcments. The transmitted light continued
onto the phototube. A digital oscilloscope was used to acquire
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Fig. 2. Timing characteristics of the candidate PMTs as a function of high

the data (Fig.1). Single photoelectron spectra were also taken voltage:
with this setup with some modifications. (A preamplifier and a
CAMAC ADC system were added.)
Timing properties of all the candidate tubes were compara-
ble with some minor differences (Fig.2), However, their single
photo electron responses showed a big difference. Photonis
candidates did not produce a single photo electron spectrum as
the other candidates under the same conditions (Fig.3). The E
Hamamatsu candidate, which conformed best to the HF re- 150;
quirements, was selected by the HF Forward Calorimeter se- 1a0f-
lection committee[3]. s20[-
2 r
III. TESTING OF 2300 PMTS g“’“?
g 80p
In the testing phase, all 2000 PMTs (o be used in the HF < 53:
Forward Calorimeter including the spares were tested for qual- - L
ity control. These tests included initial visual inspection of the o k
tubes, measuring their pulse widths, transit times, transit time 201 !
spreads, rise times. ancde dark currents, and relative gains. The ot M_ . ‘ ‘ . .
results of these measurements were organized into a databasc ‘o 50 100 Charg;?gc‘.‘) 200 250

for future reference. )

Transit time, transit [ifne spread, pulse width, rise time, Fig. 3. Single photoelectron spectrum measurement of Photonis XP3182/D1
and dark current measurements yield very narrow distributions. at 10 gain did not produce a standard spectrum as the others.
Average transit time is 15.5ns with a standard deviation of
0.2ns. Average transit time spread is 0.15+0.04ns. Similar 1o
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Fig. 4. Reiative gain as a function of production time. (PMT 1D is correlated
to the production time.)

transit time, rise time and pulse width values are also well be-
low the requirements. The average for the FWHM pulse width
is 4.0 £ 0.4ns and the rise time is 2.1 £ 0.2ns. Since the time
between two successive pulses is 25ns, having a shorter transit
time and pulse width combination reduces the pile-up. Also,
comparatively small standard deviations show that the values
for all the tubes are almost the same.

Almost all the phototubes have dark current values below
0.2nA which is well below the 2-nA limit in the HF require-
ments.

In the case of dark current, absolute current gain, and rela-
tive gain measurements, a simple tungsten light bulb was used
and anode currents were measured with 4 picoammeter. A con-
stant vollage was applied to the light bulb and to change the in-
tensity of the light falling onto the photomultiplier tube, neutral
density filters were used. The setup was placed in the second
dark box.

Currenmt gains were determined by measuring the cathode
and anode currents for the same light intensity and calculating
the ratio as a function of the high voltage applied on the PMT.
On the other hand, relative gains were determined by placing a
reference PMT and seven other PMTs next to each other in the
second dark box with a light intensity uniform to 2%. Relative
gain of a PMT was defined as the percentage ratio between its
anode current and the anode current of the reference tube.

Relative gain values vary from 50 to 200 percent (Fig.4).
Such a wide distribution is partly due 10 the slow shift during
the production. Another reason is the fact that the relative gain

measurements that we have done actually measure a combi-
nation of relative gain and relative quantum efticiency of the
photocathode.

In addition to these timing, relative gain, and dark current
measurements, single photoelectron resolution, absolute gains,
and lifetime of the bes were determined for a smail number of
PMTs. Average single phoelectron resolution was about 40%
in terms of rms/mean for the single photoelectron peak.

Lifetime of a tube was defined as the amount of accumu-
lated charge passing through the anode unlil the current gain
reduces by half. A few PMTs were burned in the third dark box
to estimate how Jong they would be able to sustain their nom-
inal characteristics, especially their gain. The lifetime value
varies as a function of the high voltage applied on the tube.
At our operating HV of 1100V, the PMTs selected for this
test resulted in more than 3200C which is more than twice the
amount required by the HF calorimeter.

IV. CONCLUSION

Hamamatsu R7525HA PMT was chosen for the CMS-
HF Forward Calorimeter and all 2000 tubes purchased went
through complete timing, dark current, and relative gain tests.
Relative gain values are especially important for the energy
calibration of the Calorimeter, since all the PMTs will be di-
vided into groups with similar relative gains and the high volt-
age for all the PMTs in a group will be the same. Only 20 tubes
were rejected due to high dark currents (over 2nA).
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