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Motivation

The number of photoelectrons in the slow component of the signal from a neutron
detector based on a liquid scintillator + PMT is very small, in particular for
neutrons depositing a low energy in the scintillator.

One reason for this is the relatively
small quantum efficiency of PMTs:
QE . 35% (UBA).

Avalanche Photo Diodes (APD):
QE ≈ 70% at 425 nm (peak
wavelength of BC501A).

72 PANDA - Strong interaction studies with antiprotons
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Figure 5.8: Measured Nuclear Counter Effect of a PIN
diode of 300 µ m thickness (green), of the ’ normal C’
version LAAPD (red) and of the ’ low C’ version LAAPD
(blue). In part a) the comparison between PIN diode
and ’ normal C’ version APD is shown and b) shows the
corresponding comparison between PIN and the ’ low C’
version LAAPD.

the effective thickness of the used LAAPDs is hin-
dered compared to the measurement done by CMS
because of the much larger device capacitance. This
value gives a major impact on the diodes noise be-
haviour and has to be known to conceive the layout
of a low noise preamplifier which will be a major
part of the APD readout chain. For PANDA the
measurement of deff requires the minimization of
any possible noise source and is currently under de-
velopment.

5.1.2.4 Electrical and Optical Properties
of the Tested APD Types

The optical and electrical properties of the tested
two LAAPDs mentioned above are summarized in
Table 5.1 and compared to the APDs to be used
in the electromagnetic calorimeter ECAL of the

Figure 5.9: QE of a PIN diode (squares/pink) com-
pared to the QE measured for a LAAPD (stars/green).

CMS experiment. Most of the measured parame-
ters of the LAAPDs are in good agreement with
the properties of the APDs developed by the CMS
group in collaboration with Hamamatsu Photonics.
The measured quantum effi ciency of the PANDA-
LAAPDs is shown in Fig. 5.9 compared to values
measured with a PIN diode. Due to the four times
larger active area of the LAAPD prototypes their
capacitance is much larger than those of the tested
(5 × 5) mm2 APD type of CMS.

5.1.3 Radiation Damage due to
Different Kinds of Radiation

To analyze the influence of radiation on a semi-
conductor device the knowledge of the internal de-
vice structure has to be assumed. Therefore several
measurements to gain inside on the internal APD
structure are inevitable. The possibility of calcu-
lating the effective thickness deff of the tested de-
vices was already mentioned in Sec. 5.1.2.3. An-
other important parameter of the diode which was
not discussed in detail so far and has also influ-
ence on the NCE is the conversion layer thickness
dconv. In Sec. 5.1.2.3 it was already mentioned that
the longitudinal position x where the electron hole
creation inside the diode takes place has influence
on the reachable amplification of the photoelectrons
passing the device structure: For light absorbed be-
fore reaching the avalanche region the gain is con-
stant. The absorption of light inside the avalanche
region leads to a decrease of the internal gain and
therefore to additional gain fluctuations. Assuming

PIN diode (squares), large area APD (stars).
Private comm. A. Wilms (GSI, PANDA).
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APD and preamplifier

Hamamatsu APD used by the PANDA
EMC (PbWO4). Dimensions: 7mm ×
14mm. Charge-sensitive preamplifier developed

by KVI for the PANDA EMC.
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ToDo

Planned tests:
Collect waveforms with a thin fast plastic scintillator + APD + PA using a β
source; check time resolution.
Collect waveforms with a liquid scintillator + APD + PA using a 252Cf
source; check neutron-gamma discrimination.
. . .
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