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Advanced performance measurements with microchannel-plate PMTs
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The Cherenkov photons of the PANDA DIRC detectors
will be read out by 300 microchannel-plate (MCP) PMTs.
Our on-going long-term measurements show that the life-
time of these devices has recently increased by more than
a factor of 50 with the best PHOTONIS model reaching
>15 C/cm2 integrated anode charge without any quantum
efficiency (QE) loss [1]. This is safe for >10 years of op-
eration within the PANDA high rate environment.

For quality assurance (QA) measurements of the MCP-
PMTs we have assembled a semi-automatic setup consist-
ing of a large copper-cladded dark box combined with a
pico-second laser pulser, a 3D-stepper for accurate posi-
tion scans of the active tube area, and a PADIWA/TRB
DAQ system for the parallel readout of all anode pixels. It
is planned to simultaneously measure with a surface scan
the main performance parameters gain, time resolution,
darkcount rate (DCR), crosstalk and afterpulsing for each
MCP-PMT being built into the PANDA DIRC detectors.
For each tube QE, surface and wavelength scans and rate
capability tests will be performed, as well as for sample
MCP-PMTs accelerated lifetime measurements and gain
characterisations inside a strong magnetic field of >1 T.

The PADIWAS are equipped with multi-hit TDCs with
adjustable thresholds that produce a time stamp and time-
over-threshold for each hit anode pixel. In the TRBs this
information and the number of hits are permanently writ-
ten to a ring buffer and are read out in an adjustable time
window around a trigger pulse that in our case is the laser
trigger. The available information for this time window is
the laser x- and y-position, and the hits of direct photo-
electrons, darkcount, recoil electron and crosstalk events.

Among others the first scans with the new QA setup
demonstrated a unique capability in terms of quantifying
the DCR and the fraction of events followed by an ion
afterpulse as a function of the anode pixels, and other
unwanted effects like distributions of electrons recoiling
from the MCP surface and crosstalk among the anode
pixels induced by charge sharing and electronics.

The left plot in Fig. 1 shows the DCR of the different
anode pixels for a new hiQE MCP-PMT from PHOTO-
NIS indicating that the overall DCR is dominated by indi-
vidual pixels at the corners and borders of the tube. This
is a new finding and was observed also in other MCP-
PMTs. The reason of this effect is currently unknown. In
the right plot of Fig. 1 the afterpulsing TOF distribution
of the same tube is presented suggesting that ~0.3% of the
single photon events are followed by afterpulse back-
ground induced by light and heavy ions from H to Pb.

In Fig. 2 (upper-left) the xt-distribution of pixel x3-y6
of the before mentioned MCP-PMT is shown indicating
the regions where charge sharing crosstalk and recoil
electrons are expected. By pointing the laser to different
X- and y-positions we find that the read out pixel may be
also hit by events which stem from laser positions outside
the pixel area (red region) and later (>100 ns) than ex-
pected for prompt laser photons. The xy-distributions of
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the charge sharing crosstalk and recoil electron events can
be further studied and quantified. The recoil electrons
reach into an area of more than twice the pixel diameter
and arrive up to 5 ns later than a direct photo electron.
Crosstalk mainly takes place between adjacent pixels. The
width of the red strips in Fig. 2 (lower right) allows the
estimation of the size of the charge cloud arriving at the
anode pixel. We find about 1 mm for the tube shown here.
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Figure 1: DCR (left) as a function of the anode pixel and
afterpulsing TOF distribution (right) for the hiQE MCP-
PMT PHOTONIS XP85112 (9002085) with 10 pm pores.
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Figure 2: xy-distributions of recoil electrons (upper-right)
and charge sharing crosstalk events (lower-right) for the
MCP-PMT as in Fig. 1. The xt-distribution of pixel x3-y6
(upper-left) indicates the regions where events populated
by recoil electrons and charge sharing are expected.
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A beam time in August/September 2017 in the T9
beamline of the CERN PS was used to evaluate the per-
formance of a PANDA Barrel DIRC [1] prototype in a
mixed hadronic beam at several energies. Protons and pi-
ons were tagged by a time of flight system. Aspects of the
PANDA Barrel DIRC (radiator bars) and of the future
DIRC in the Electron-Ion-Collider (EIC) project (radiator
plates) were tested.

A picture of the prototype in a configuration with a nar-
row bar is shown in Fig. 1. The radiator bar, made from
synthetic fused silica, is coupled via a prism to an array
of 12 PHOTONIS XP85012 Microchannel-Plate (MCP)
PMTs. Different focusing elements were placed between
the radiator bar and the prism. Figure 1 shows a cyl-
indrical lens, designed for the EIC DIRC and made from a
layer of LaK33 glass embedded between two fused silica
adapter pieces.

Figure 1: Photograph of the Barrel DIRC pro-
totype at CERN. The insert shows details of the
cylindrical lens.

The primary goal of this experiment was to test a com-
pact prism with an opening angle of 33°, the cylindrical
lens, and 12 new readout modules, each comprising one
MCP-PMT with a high-voltage divider and four PADIWA
discriminator cards, actively cooled by pressurized air.
The position of the beam on the radiator bar or plate, as
well as both the polar and azimuthal angle between the ra-
diator and the beam, were adjustable to evaluate the
particle identification (PID) performance of the prototype
in various configurations for the entire phase space of ka-
ons in PANDA.

Experiment beamline: CERN-T9
Experiment collaboration: PANDA
Experiment proposal: PANDA
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Figure 2 shows the accumulated hit pattern for tagged
pions with 7 GeV/c momentum at a polar angle of 25°.
Although the spherical lens produces a sharper image
than the cylindrical lens for the narrow bar, the quality of
the image from the cylindrical lens agrees well with de-
tailed Geant simulations. This is an important result for
the possible use of wide plates as radiators, as one of the
designs of the DIRC for the EIC detector foresees, since
spherical lenses will no longer an option for wide plates
and cylindrical focusing will be required.
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Figure 2: Cherenkov image from many events
produced in a narrow bar for 7 GeV/c pions at
a polar angle of 25° for a spherical lens (top)
and a cylindrical lens (bottom).
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The radiator bars for the PANDA Barrel DIRC are
made of synthetic fused silica. Since the bars also act as
light guides for the Cherenkov photons, whose angular
distribution has to be conserved in many internal reflec-
tions, the bars have to meet tight specifications. The max-
imum deviation from a rectangular cross section must not
exceed 0.25 mrad along the full length of the bar and the
end faces must not differ from an ideal shape by more
than 0.5 mrad. Prototype bars from different vendors have
been tested to see if they fulfil those requirements.

Autocollimator Setup

The setup consists of a Nikon 6D LED autocollimator,
a Nikon pentaprism and two supports to mount the bars,
as shown in figure 1. The supports are wrapped with
cleanroom cloth to protect the bars from scratches.

The autocollimator is a telescope-like instrument that
focuses a reticle of light to infinity. It is reflected by the
object surfaces back into the autocollimator, focused and
observed. Reflections originating from different surfaces
can be seen simultaneously as reticles through the ocular.
Their distance can be measured and corresponds to the
angle included by the surfaces. In order to measure the
downwards-facing bar side, a pentaprism is used to de-
flect some autocollimator rays by 90°. The big advantage
of this setup is that only relative alignment is important
and that it is contact-free, so the highly polished bar sur-
faces are not touched.
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Figure 1: The measuring setup, including the autocollim-
ator, the pentaprism, and a prototype bar mounted on two
adjustable supports.

Measuring accuracy

In order to determine the optimal measuring accuracy, the
positioning of the bar supports has been optimized and the
precise alignment of prism and bar has been checked be-

92

fore each measurement. The measuring accuracy is 0.02
mrad for parallelism measurements and 0.05 mrad if the
pentaprism is used [1].

Results

A comparison of results for all measured prototype bars
are shown in figure 2. Due to challenges in producing
single prototype bars, the quality of the end faces did not
always meet the specification. This is not expected to be
an issue for mass production.

The most important specification for the PANDA Barrel
DIRC, the squareness and parallelism of the faces and
sides, was met by two of the four vendors, InSync and
Zeiss. Although a few of the parallelism measurements
for the Zygo bar were marginally outside the specifica-
tion, this vendor is considered validated for the mass pro-
duction as well.
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Figure 2: Comparison of the prototype bars from four dif-
ferent vendors, adapted from [1]. The displayed values are
the mean of all measured ones, and the error bars indicate
the range of the measured values. The horizontal lines
show where the production specifications are.
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Surface quality of the PANDA barrel DIRC prototype radiators

M. Krebs"?, K. Peters"?, J. Rieger"’, G. Schepers’, C. Schwarz', J. Schwiening’
'GSI, Darmstadt, Germany; *Goethe University Frankfurt, Germany; *TU Darmstadt, Germany

A DIRC (Detection of Internally Reflected Cherenkov
light) detector will provide charged Particle Identification
(PID) in the target spectrometer of the PANDA experi-
ment. The Barrel DIRC uses rectangular bars made from
synthetic fused silica as radiators. Cherenkov photons are
trapped inside while they propagate through the radiator
by total internal reflection until they exit towards the
readout end to be measured by the photon sensors. The
Cherenkov angle can be calculated from the observed hit
pattern to identify the particle that traversed the radiator.
Since the Cherenkov photons can undergo several hun-
dred reflections until they reach the photon sensors, the
radiators have to meet very strict optical and geometrical
requirements. To ensure high transport efficiency the radi-
ator surfaces need to be smoothly polished.

The determination of surface quality of radiators is done
by using a fully automated motion-controlled laser setup,
measuring critical values, such as bulk attenuation and co-
efficients of total internal reflection (Figure 1).

Value diode

Polarizing.cube.
N2 plate

Brewster mirror

Figure 1: PANDA Barrel DIRC optics lab setup accommodating
a radiator plate for an internal reflection measurement.

The attenuation length is measured by coupling the laser
straight into the radiator, determining the intensity loss in-
side the bulk material.

For the internal reflection measurement the laser beam is
coupled into the radiator at Brewster angle. Depending on
the length and orientation of the radiator, the beam is in-
ternally reflected from the faces (wide sides) up to 53
times, until it exits to be measured by the (value) photodi-
ode. An additional reference photodiode is used to correct
for laser intensity fluctuations. The fraction of light lost
during all internal reflections is translated into the coeffi-
cient of total internal reflection, which in turn can be re-
lated to the surface roughness via the scalar scattering the-
ory. An extensive prototype radiator program had been
started several years ago, resulting in a total of 30 proto-
type radiators produced by various manufacturers. Using
different types of fused silica and polishing techniques,
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the optical quality of these prototype radiators was evalu-
ated at GSI to qualify vendors for the mass production of
DIRC bars. Upgrading the Barrel DIRC optical setup by
adding a HeCd laser (325 nm and 442 nm), lead to an in-
crease in sensitivity of measuring possible production
technique related sub-surface damage inside the material.
A full set of measurements for all vendors that produced
prototypes is now available.
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Figure 2: Reflection coefficients for four different prototype bars
from AOS/Okamoto, InSync Inc., Carl Zeiss GmbH, and
Lytkarino. The dashed lines show the expected reflection coeffi-
cients from theory for a given surface roughness.

Figure 2 shows results for four prototype bars. The mea-
sured reflection coefficient values are found to be in good
agreement with data from the vendors.

On the basis of this data the call for tender is expected to
be issued in the summer of 2018 to collect offers from
manufacturers proven to be able to deliver the optical
quality required for the PANDA Barrel DIRC.

The radiator production is expected to start in early 2019.
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The particle identification (PID) capability of the
GlueX experiment will be enhanced by the upgrade with a
Detector of Internally Reflected Cherenkov light (DIRC)
[1]. It will be a compact and robust PID system utilizing
optical components from the decommissioned BaBar
DIRC detector [2] and a new expansion volume based on
the SuperB FDIRC prototype [3]. A clean /K separation
for forward angles (8 < 11°) and momenta up to 4 GeV/c
is expected based on the BaBar performance.

Three different reconstruction approaches are in devel-
opment to evaluate the PID performance of the detector:
kernel density estimation, time imaging, and geometrical
reconstruction. The first two are based on probability
density functions of the spatial distribution and the arrival
time of the detected photons [4,5]. The 3rd method is
based on look-up tables (LUTs), and was previously used
for the BABAR DIRC.

The geometrical reconstruction is the first of those
methods to be implemented in the current GlueX analysis
framework. In this approach the direction of a detected
photon is approximated by the three-dimensional vector
between the centers of the bar and the hit pixel. LUTs are
produced by simulating optical photons at the end of the
bar, covering all possible angles, and storing direction
vectors for all photons that hit a given pixel. Those direc-
tion vectors are then combined with the particle mo-
mentum vector available from the tracking system to de-
termine the Cherenkov angle 0c.

Figure 1 shows the reconstructed single photon Cheren-
kov angle distribution for 1000 pions (blue) and kaons
(red) simulated by GEANT4 at 4 GeV/c and a polar angle
of 6 =4°,
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Figure 1: Reconstructed single photon Cherenkov angle

distribution for 1000 pions (blue) and kaons (red). Solid

vertical lines indicate the values of the expected Cheren-
kov angle.

A fit of a Gaussian plus a linear function gives a good
description. The background is primarily caused by com-
binatorial reconstruction ambiguities, which are the result
of the various possible photon paths inside the expansion
volume. This background can be efficiently suppressed by
applying selection on time difference between measured
propagation time of the detected photons and the time de-
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termined from the LUT. The averaged number of the de-
tected photons per particle after selection is 57+4.

The mean of the Gaussian fit determines the 8¢ of the
corresponding particle species, while the sigma of the fit
gives the resolution of the reconstructed angle which is
important indicator of the performance. The dashed ver-
tical lines shows the range where an unbinned likelihood
test is used to perform the PID. Figure 2 shows the resul-
ted log-likelihood difference, giving a m/K separation
power of 4.5+0.2 s.d at 4 GeV/c and 4° polar angle.
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Figure 2: Pion-kaon log-likelihood difference distribution
for 4 GeV/c and 4° polar angle.

The reconstruction of the tracks from the full phase
space of the GlueX DIRC yields photon multiplicity in a
range of 30-60 photons providing /K separation power
of 3.0-4.5 s.d. at 4 GeV/c.
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First setup for the routine tests of the APFEL-ASIC rigid flex PCBs
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I ntroduction

For the first dlice of the PANDA-EMC-Barrel the
required rigid flex PCBs with the APFEL-ASIC [1] were
ordered in 2016. With the delivery of these rigid flex
PCBs the developed setup for the characterisation was
finalised and totally 900 PCBs are measured in
functionality and analogue performance. The routine tests
are done with a dedicated mainboard, developed at GSI.
An external current meter is connected to the mainboard
and provides the current. For the data readout the GSI 16
channel sampling ADC board FEBEX [2] and the GSI
data aguisition system MBS [3] are used. Based on the
MBSPEX device driver software a graphical control and
operating tool (APFEL GUI) has been developed. By
means of various automatic tests sequences it alows to
show a positive or negative decision concerning the
quality of rigid flex PCBsimmediately on the GUI.

Test Procedure

Figure 1: Mainboard overview with 8 rigid flex PCBs.

To record all dependent parameters the mainboard
shown in figure 1 has been designed. Up to 8 rigid flex
PCBs can be connected to the mainboard and measured
successively. The test sequence is divided in a
functionality test and a performance measurement. The
functionality of the electronics, respectively power
consumption and short connections between power, high
voltage and ground potential, is specified with the current
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meter. Other properties like Chip ID scan or DAC access
values to an on-chip register are also verified.

To define the analogue performance of the electronics
the noise and the amplitude of the output signa as a
function of input charge is measured. All values are saved
to an ASCII file and stored into a database.

mmmmmmmm

wwwwwwwwwwwwwwwwwwwwwwwwwwww

Figure 2: APFEL GUI.

In figure 2 a screenshot of the APFEL GUI is shown.
This tool alows to operate the routine test without
technical background of the tested electronics. For the
choosen characterisation in the GUI sequences are
defined to be executed like gain settings, DAC
programming or sending a test pulse. The online results
are displayed in the GUI as well as the final overview of
the test results.

Summary and Outlook

The 900 rigid flex PCBswith the APFEL-ASIC for the
first dice of the PANDA-EMC-Barrel were characterised
successfully. 68 of the rigid flex PCBs have failed the
requirements and are sorted out. Since the ASICs and
PCBs were not tested before, the yield of over 90% is an
excellent result. The first beam and cosmic tests for the
dlice prototype are forseen for 2018.

[2] www.gsi.de/daghardware
[3] J. Adamczewski-Musch, N. Kurz and S. Linev,

“New Release v6.3 of data acquisition of the
Framework MBS”, GSI Report 2017
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Cluster-jet targets are highly suited as internal targets
for storage ring experiments, like the PANDA experiment
at FAIR. Such targets provide by the expansion of pre-
cooled gases through fine Laval nozzles a high and con-
stant beam thickness that is additionally adjustable over
several orders of magnitude. The PANDA cluster-jet tar-
get prototype, designed and built up at the University of
Minster, is successfully in operation for years and
achieves thicknesses of more than 2 x 10> atoms/cm? in
a distance of 2.1 m from the nozzle. The geometry of the
nozzles strongly influences the production of the clusters
and their characteristics. Therefore, an advanced produc-
tion process of Laval nozzles was developed at the Uni-
versity of Minster and important investigations on the
cluster beam properties are performed [1].

An essential property is the velocity distribution of the
clusters, which determines directly the thickness. There-
fore, detailed studies on the velocity distribution with a
newly produced nozzle were realised. A spherical joint, a
feature of the PANDA cluster-jet target prototype and
also of the final PANDA cluster-jet target [2], offers the
possibility to tilt the nozzle with angles up to = 3.5° in
horizontal and vertical direction with the narrowest diam-
eter of the nozzle as point of rotation (see Fig. 1). The
following orifice, the skimmer, only extracts a small and
well defined part of the cluster beam. This allows for
measurements of cluster beam characteristics from differ-
ent cluster beam parts.
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Figure 1: Spherical joint of the PANDA cluster-jet target
prototype. Left: Zero position corresponds to 0°. Right:
Tilting of the nozzle allows for studies of different cluster
beam parts [3].

The PANDA cluster-jet target prototype offers the pos-
sibility to determine the velocity distribution of the clus-
ters by time of flight measurements. For this purpose, a
pulsed electron gun is used to ionise the clusters and to
mark the start time. At the end of the beam dump and
after a flight path of around 4 m, a channeltron detects the
clusters and stops the measured flight time.

Studies on the velocity and thickness distribution in de-
pendency of the tilting angle of the spherical joint show in
the case of gaseous hydrogen in front of the nozzle as
expected a symmetric distribution. Decreasing the tem-
perature or increasing the pressure of the gas leads to lig-
uid or supercritical hydrogen in front of the nozzle. As
consequence, the thickness is not symmetric any more
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and cluster beam structures are observed (see Fig. 2). Ad-
ditionally, the velocity distribution indicates the same
compositions within the cluster beam. Moreover, a high
thickness corresponds to a small velocity and the other
way around.

To describe the velocity distributions simulations de-
veloped in the framework of the thesis of A. Taschner [4]
were performed. Therein, van der Waals gas is used to
characterize the velocities including a variable z parame-
ter. This z parameter corresponds to the distance from the
narrowest point of the nozzle where a decoupling of clus-
ters from the surrounding gas is assumed. Calculations of
the velocities with varied z parameter based on these re-
sults are also included in figure 2.
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Figure 2: Thickness and velocity distribution in depend-
ency of the spherical joint tilting angle with hydrogen at
17 bar and 22 K in front of the nozzle. The thicknesses
and velocities show structures within the cluster beam.
The coloured lines show the simulations with varied z
parameter.

These new results expose a highly complex cluster
formation process within the nozzle if a liquid or super-
critical fluid is used as target material. Consequently, fur-
ther studies on this topic are of highest interest to get a
deeper insight into the cluster production process within
the nozzle and offer the possibility to optimize the nozzle
geometry towards highest thicknesses.
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Cluster-jet beam and vacuum studies at the PANDA cluster-jet target

B. Hetz!,
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The internal cluster-jet target build up in close to
PANDA geometry at the University of Minster will be the
phase one target for the upcoming PANDA experiment at
the antiproton storage ring HESR at FAIR. It is by now
successfully set into operation, including the final vacuum
and beam monitor systems for the PANDA experiment.
Furthermore, the final PANDA cluster-jet beam dump, de-
veloped by the INFN Genova, is installed at the Miinster
laboratory offering the possibility to study the cluster-jet
beam vacuum performance with next to PANDA condi-
tions (cf. figure 1).

Thicknesses of more than 1.4 x 101°> atoms/cm? directly
measured at the upcoming PANDA interaction point dis-
tance of 2.25 m away from the cluster-jet nozzle demon-
strate the great performance of the PANDA cluster-jet tar-
get for a high luminosity 4w experiment. The given thick-
ness was measured using a recently installed absolute
thickness monitor system at PANDA interaction point dis-
tance. Further jet beam optimization studies are expected
to yield even higher thicknesses, as already demonstrated
by the PANDA cluster-jet prototype with thicknesses of
more than 2.0 x 105 atoms/cm? at PANDA interaction
point distance [1].
Also the ongoing re-
search of new nozzle
production processes
and cluster-jet beam
velocity  distribution
studies at the PANDA
cluster-jet target proto-
type will advance the
Minster PANDA clus-
ter-jet target perfor-
mance [2].

The PANDA setup
at the HESR/FAIR
will be equipped with
an optical monitor sys-
tem due to other detec-
tor module acceptance
reasons. This setup
yields relative jet beam
thickness information
by measuring the scat-
tered light intensity of
a laser from the clus-
ter-jet beam without
influencing the jet
beam itself.

Recent studies showed
that the response of the
optical monitor system
is directly propor-
Figure 1: The PANNDA cluster- tional to the absolute
jet target setup in next to PANDA measured  thickness
geometry at the WWU Miinster.  (cf. figure 2). This
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Figure 2: Scaled ratio of the relative thickness measured by
the optical monitor system (OMS) and the absolute thick-
ness monitor system (AMS) showing a proportional re-
sponse.

matching of the optical thickness to the absolute measured
jet beam target thickness makes the optical monitor highly
suited for the later PANDA activities at HESR/FAIR.

PANDA cluster-jet target beam and vacuum
studies at the COSY accelerator

The PANDA cluster-jet target beam thickness and vac-
uum conditions are constantly optimized at the WWU
Miinster setup using specialized collimators, orifices and
other means. Having reached highest thicknesses with the
PANDA cluster-jet target at the WWU Munster the next
step will be to perform direct accelerator beam - jet beam
interaction studies.

For this reason a directly PANDA related beam time at
the COSY accelerator in Julich was approved for August
2018. Thus the PANDA cluster-jet target will be moved
from the WWU Maunster to Jilich and be installed at COSY
in June 2018.

During the August 2018 beam time the PANDA cluster-
jet target will interact with the COSY proton beam and the
influence of the jet target beam on the accelerator beam
quality and lifetime in conjunctions with the measurement
of the accelerator vacuum conditions will be performed.
Furthermore the investigation of the COSY cooling sys-
tems (2 MeV electron cooler, stochastic cooling) and its
barrier bucket system is from highest interest for later
PANDA experiments.
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