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Abstract: MAGIC, a 17m diameter Cherenkov telescope located on theu@dsland of La Palma,

is the biggest IACT (Imaging Atmospheric Cherenkov Tel@s)dn the world. For lowering the energy
threshold and improving the sensitivity, the MAGIC collasiton is currently building a second telescope
(MAGIC 1I), using Photomultipliers(PMTs) with a better stivity. Various measurements of different
characteristics of PMTSs, such as single photoelectrontspaSPE), afterpulse, aging and photoelectron
detection were performed. The results from selected PMTidates of different companies will be
presented here.

Introduction We have searched the current market for the PN
which fullfilled the following requirements:

The MAGIC telescope has been in scientific oper-
ation since the summer of 2004. Currently, it is
the largest ground-based gamma ray telescope in ¢ Low gain @ * 10*), because of the moon ot
the world. The main purpose of the MAGIC | de- servation.

sign was to study high energy phenomena in the
universe in the unexplored energy range down to
30 GeV. For improving the sensitivity further and
also benefitting from the stereoscopic/coincidence o Six-dynode structure for better timing che

¢ High quantum efficiency.

e One-inch diameter and hemispherica
shaped photocathode.

operational mode, we are building a second tele- acteristics.

scope, MAGIC Il [1], at about 85 meters’ distance ]

from the MAGIC-I telescope. The imaging cam- o Low afterpulsing rate. It has been undk
era will be equipped with high quantum efficiency stood that lowering the trigger threshold
(QE) photomultiplier (PMTs) and also Hybrid pho- limited in p_art by the afterpulsing rate ir
todiodes (HPDs). The signals will be read out by duced by single photoelectron pulses due
a fast sampling system of 2 GSamples/s in order to the night sky light. [2]

reduce the background photons coming from the o Fast and short pulses.

night sky and to achieve a better gamma/hadron

separation by taking into account the timing pro- To really understand each pixel, a variety of me
file of the Cherenkov light. Our goal is to lower surements were performed. The impacts on the
the threshold by a factor two with advanced photon ture MAGIC Il telescope will also be discussed.
detectors and a fast readout system. PMTs are very

suitable photon sensors for measuring very fast and
low light level signals. Though PMTs have already

been widely used in high energy physics before,
their characteristics may differ from tube to tube.

The Quantum Efficiency Measurement

The Quantum efficiency is a quantity used to ¢
press the sensitivity of a photonsensor. For fast.
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Figure 1. PMT QE curves from different compa-

nies. H-bc and H-ac stand for Hamamatsu PMTs
before and after coating. ET-bc and ET-ac stand
for Electron Tubes PMTs before and after coating.

Single Photoelectron Spectrum

When a PMT is used to detect a very weak s
nal, the pulses from individual photoelectrons ¢
well separated in time. Because of the seconc
low light level experiments, it becomes important electron emission process in the first dynode,
to provide high signal-to-noise ratio photon sen- single-electron pulses show very large amplit
SOrs. fluctuations. We tuned the laser light density do

To enhance the QE, we improve it by extending to single photoelectron regime. The laser trigge
the spectral sensitivity in the short-wave UV range the FADC to record the pulses from PMTs.

using a wavelength shifter (WLS) and, further, by The single photoelectron pulses were extrac
increasing the overall quantum efficiency (QE), ap- from FADC data and we integrated the charge
plying a layer of structured lacquer acting as a pho- each pulse. The single photoelectron spectrur
ton scatterer [3]. In total, 20 PMTs from the com- shown in Figure 2. We kept the single photoele
panies Hamamatsu and Electron Tubes were mea-tron events smaller than 5% such that the proba
sured. ity to get two photoelectrons was smaller than :

The QE test setup included a deuterium and tung- ©f the number of single photoelectrons.

sten lamp. A spectrophotometer was used as aFrom the SPE, we could also calculate the peak
wavelength selector and a 10x10 mm calibrated valley (P/V) ratio. For the future MAGIC Il tele-
PIN diode from Hamamatsu served as a reference.scope, we are going to reject pixels which hav:
The PIN diode had a calibration precision of 2 %. P/V value lower than 1.2 .

The photocathode was fully illuminated and the
current produced by the anode was measured. We
applied a potential difference of 200V between the
photocathode and the first dynode. For eliminating ) o
the gain influence, we shorted all the 6 dynodes. The time characteristics of photonsensors are q
Every charge collected inside the PMTs would pro- important for IACTs. Since the Cherenkov ligl
duce anode current and be measured. flash is always quite short, usually a few ns, \

In Figure 1, we plot the average QE curves of 20 need fast PMTs to reduce the background.

coated and uncoated PMTs from different compa- mea_sured the pulse response width at half of
nies maximum (FWHM) of the anode current pulse d

livered in reponse to a very short and narrow la
light pulse (about 40 ps). The pulse width d

Time Characteristics
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Figure 3: Single photoelectron pulse from a Hama-
matsu PMT. The pulse was measured with a fast

oscilloscope withl.5 GHz of bandwidth and a 5  Figure 4: The transit time jitter for single phc
G/s sampling rate. toelectron pulses from the Hamamatsu PMT. 1

horizontal axis is the transition time. The tran
time spread (TTS) is about 960 ps. Note that T
pends on the light illumination level and is mini- becomes shorter if the pulse has more photoe
mum when this level is so low that the probability trons.
of more than one photoelectron being emitted per
light pulse is very small.

We measured with a 2GHz bandwidth amplifier
(gain~ 100) followed by a fast oscilloscopd (6
GHz in bandwidth, 5 G/s sampling rate). Most of
the pulses had a rising time of ap00 ~ 800

ps and a falling time of00 ~ 1000ps. The pulse
width (FWHM) was around ~ 1.5ns. In Figure

Aging Test

Exposing the PMTs to constant light intensity ov
a period of time will make the gain of the PMT di
crease. This is important for IACTS, because 1
PMTs are constantly exposed to night sky bai
. ground light (NSB). The gain of the PMTs droy
i};{; i ?&gﬁspgr?ct,sver:ec“on pulse from the Hama- because of the fatigue of the dynode. The lifetii
' of the PMT is defined as the time when the g:
The transit time spread (jitter) was measured, t00. of the PMT drops t50%. In order to speed uj
The transit-time fluctuation affecting the pulse re- the measurement, all measured PMTs were illu
sponse may have been caused by the initial veloc-nated by highly intense light. We tuned their gai
ity spread of electrons emitted by different elec- gych that they had the same initial anode curre
trodes or may be due to different points of emission j e 150,4. The measurement was operated
from the same dynode. Because of the geometry of gphroximately one week (10150 minutes) in tot
our tubes, we believe that the main reason for the \we tested with 4 PMTs. Their lifetime was es
difference is the cathode/first-dynode space. How- mated to be 50- 60 years, assuming the NSB

ever, there is another important factor, i.e. the volt- | 3 paima to be 1 uA anth% of the duty cycle of
age applied between the electrodes. The time res-ihe telescope operation.

olution of the tube could be defined as the FWHM

of the probability distribution of this fluctuation. It

is also proportional td //n, wheren is the num-  Afterpulsing

ber of photoelectrons per pulse. From the Figure 4,

we see the transit time distribution when the PMT When the dynodes are bombarded by electrc

has high gain.12 = 10°. We also found that if we  during the amplification process, some resid

lowered the gain down tG * 10*, the time jitter molecules which are resting on the surface of

changed very little. dynode will be ionized and the positive ions w
have the chance to fly back to the cathode. T
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f - . try in order to have a direct comparison of the pf
Bl LOWlightiatensity ton detection efficiency of the two sensors. Afte
10p -High light intensity wards, two PMTs were swapped in order to get

of the small asymmetry of the illumination. The
we evaluated relative efficiencies by numbers
detected single photoelectrons. We found the p
: toelectron efficiency of the Hamamatsu PMTs
107l be high enough.

Hamamatsu x13351

Conclusion

PP PN VU I U B
' “Threshold Phe’ We set up procedures to measure the differ
properties of a sample of PMTs. For MAGIC Il w
selected Hamamatsu PMTs. The company Hal
matsu will deliver PMT modules which include
socket with a Cockcroft-Walton type High Voltac
generator. The PMT socket and all the front-e
process is the so-called afterpulse. We used aanalog electronics is assembled to form a comg
pulsed laser (wavelength 405 nm) as our light pixel module. All will be embedded in the came
source and triggered the FADC externally. Once Ppixel cluster design. [1].
the FADC was triggered, there was a main pulse
of about several tens of photoelectron coming from
the laser and we searched for the afterpulses within
the following 2 us. Within this period, we applied )
different thresholds and then counted the number Y& would like to thank the IAC for excellent work
of afterpulses and normalized this number to the iNg conditions. The support of the German BME
total number of main pulses and the number of @d MPG, the Italian INFN and the Spanish ¢
photoelectrons in these main pulses. To check if CYT, the Swiss ETH and the Polish MNil is grat
the measurement depended on the intensity of thefully acknowledged.
laser pulse, we measured the PMTs with two dif-
ferent intensities. In Figure 5 the different after-
pulsing rates of Hamamatsu PMTs at different in-
tensities are presented. All measured PMTs had an
afterpulsing rate of about 0.2 % to 0.8 %.

Figure 5: The afterpulse rate for the Hamamatsu
xc3351 PMT at different photoelectron thresholds.
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