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ABstrACT: The HADES Experiment (High Acceptance DiLepton Spectrometer) aims to measure
baryonic matter at high densities but moderate fireball temperatures using heavy ion collisions. In
a recent Ag+Ag beamtime, at an incident energy of 1.58 A GeV, 15.268 x 10° events have been
collected at triggered event rates of 16-18 kHz. The data were recorded with the upgraded RICH
detector, including the newly developed DiRICH readout chain and using HAMAMATSU H12700
MAPMTs as photon detector. In this article, we demonstrate the success of this upgrade and present
first result on timing precision of the full HADES RICH detector.
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1 The HADES RICH Detector

The HADES experiment setup [1], at the GSI SIS18/FAIR facility in Darmstadt is comprised of the
following components:

* A fixed Ag target consisting of 15 separated segments.

* A diamond in-beam detector system [2] (START detector) for interaction reference time
measurement.

* A Ring-Imaging Cherenkov (RICH) detector with a gaseous radiator for electron identifica-
tion.

* Two sets of Multiwire Drift Chambers (MDC) before and after a magnetic field region to
retrieve particle momentum.

* A combined system of a scintillator-based time-of-flight wall (TOF) and a wall of resistive
v
z.

plate chambers (RPC) to measure the particle velocity 8 =

In March 2019 HADES was granted a Ag+Ag beamtime at an incident energy of 1.58 A GeV
collecting 15.268 x 10° events at triggered event rates of 16-18kHz. The upgraded HADES
RICH [3] (as shown in figure 1) measures single photons from Cherenkov radiation with 428
HAMAMATSU H12700 multianode photomultiplier tubes (MAPMTs) distributed over a circular
area of 2.65 m2. The Cherenkov radiation emitted in the C4H;( isobutane radiator gas reaches the
photon detection plane via a spherical mirror. As the focal plane of the spherical mirror is slightly
curved, the photon detection plane is split into two sub-planes with different indentations. Here the
inner plane towards low azimuthal angles 8 is moved 10 cm along the beam axis towards the mirror.



Figure 1. Left: schematic view of the HADES RICH showing a lateral cut through the centre of the detector
with the beam entering from the left. The MAPMTs are placed upstream of the target with the DiRICH
readout behind and the spherical mirror to the right with an electron being indicated as red line. Right: real
life picture of the photon detection plane of the upgraded RICH (Photo by G. Otto GSI).

The index of refraction of isobutane guarantees that the RICH is hadron-blind due to the limited
momentum range at the given collision energy.

The H12700 MAPMTs have 64 channels each for a total of 27392 channels over the full
detector. Those channels are individually read out with the DiRICH readout system. This system
groups the read out of always 3 x 2 MAPMTs where 12 DiRICH-front-end boards (DiRICH-FEBs)
measure the leading edge and the time-over-threshold (ToT) of any detected pulse. One of those
bundles is presented in figure 2. The DiRICH-FEBs are connected to the MAPMTs via a printed
circuit board (PCB) called backplane. This backplane further works as a gas and light-tight seal
between the gas filled inside of the detector and the outside. The data of those 384 channels
per backplane is forwarded to the combiner module where it is then streamed to the later readout
stages. Furthermore the combiner module distributes the trigger to all DiRICH-FEBs on the same
backplane. The last component in this bundle is the power module, which is used for high and low
voltage distribution for a full backplane module.

2 Performance of the RICH detector

In this section the performance of the RICH detector during the March 2019 beamtime will be
discussed. First, the RICH intrinsic key observables such as number of hits per ring, ring radii
and ring centre distributions are presented. Then, the impact of the RICH observables on the full
experimental data analysis will be discussed in form of 8 vs. momentum distributions.

2.1 Ring centre distribution

One key aspect of any RICH detector is its homogeneous ring coverage. A good first check to find
inhomogeneities in a RICH detector is to check the ring centre distribution. Here one expects a



Figure 2. Photo of one DiRICH backplane bundle featuring (from left to right) the combiner module, six of
twelve DiRICH-FEBs and the power module. On the other side of the backplane one out of six MAPMTs is
plugged on.

smooth distribution ranging from high ring coverage in the inner part of the detector (small azimuthal
angle ) to low ring coverage in the outer part of the detector. The ring centre coverage should thus
be homogeneous for each azimuthal angle 6 individually. One exception to this homogeneity is to
be expected for every polar angle ¢; = i X 60°,! where the shadow of the magnetic coil cases make
track reconstruction impossible. This behaviour is visible in figure 3, where the spatial ring centre
distribution of the RICH is shown. The ring centres in the figure are plotted only for rings matched
to an e~ or e* candidate track identified by the tracking and time-of-flight systems. In the figure,
one can see a homogeneous ring coverage within the acceptance of other contributing detectors.

2.2 Ring radius distribution and number of hits per ring

The performance of the detector may also be checked by comparison to simulation. Two straightfor-
ward observables are the expected number of hits per ring and ring radius distribution. Comparing
these two distributions to analysis results from measured data reflects the validity of simulation
parameters with respect to individual MAPMT and readout parameters of the full detector. The
comparison between measured and simulated ring radii is visualised in figure 4. Here one can
see the comparability between simulated and measured data, as both figures show an average ring
radius of 22 mm with a dependence on the azimuthal angle 6 due to spherical aberrations of the
mirror optics. Also visible is the sudden increase in the ring radius from inner to outer RICH
photon detection plane at an azimuthal angle of 6 ~ 48° which reflects the two sub-planes different
indentations.

The number of hits per ring is shown in figure 5. Here again simulated and measured data are
in good agreement, as the average number of hits per ring differs only by one hit, having 16 hits
in average per ring in measured data. The two distributions differ mainly in their width, which is
slightly broader for the analysis of the measured data. The tail towards higher number of hits per
ring can be attributed to misidentified double rings, which do not exist in a bare single electron
simulation as presented here. Neglecting this contribution of double rings, one can assume that the

'Where i € N.
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Figure 3. Spatially resolved ring centre distribution.
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Figure 4. Ring radius distribution in terms of azimuthal angle 8 for measured (left) and simulated (right)
data. The points indicate the average radius per bin in 6 with the error bars representing the standard error
on the mean.
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Figure 5. Distribution of number of hits per ring for measured and simulated data. Both datasets are scaled
to their maximum bin content.

average number of hits per ring from measured data decreases to at least the number of hits per ring
from simulated data.

2.3 Impact of the RICH detector on the 8 vs. momentum distribution

As the HADES RICH detector only identifies e~ or €™ a look onto a 8 vs. momentum spectrum
can serve as a good first probe to identify purity and efficiency. The velocity g = % is retrieved via
time-of-flight, and the momentum via track bending in the magnetic field. Requiring an identified
particle in the RICH detector, the whole 8 vs. momentum spectrum needs to show a clear signal in
the electron region around 8 = 1. This can be seen in figure 6 where the § vs. momentum spectrum
is shown with and without requiring a RICH identified particle. The clearly visible electron region
with high suppression of the previously visible 7+ and proton branches in the spectrum demonstrates
the good pion suppression capabilities of the RICH.

3 Timing precision of the RICH detector

This section focuses on the average timing precision of all channels in the RICH detector. The timing
precision is derived using two different approaches: the first approach measures the time between
the event trigger, as retrieved by the in-beam diamond detector in front of the targets, against the
time of registered Cherenkov photon hits in all individual channels. The timing precision of each
individual channel is then defined as the standard deviation of this time difference distribution. The
second method uses the hit time difference between two channels that did see the same Cherenkov
ring. This measure is unaffected by the event trigger timing. The standard deviation of the resulting
time difference distribution for each channel pair divided by V2 is used as measure of the timing
precision for each of the two channels in this pair.
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Figure 6. Velocity vs. momentum distribution with (bottom) and without (top) requiring a Cherenkov ring in
the RICH detector. For correct ring identification the ring needs to have a radius between 17 mm and 30 mm
using tight cuts on time-over-threshold (ToT) and photon hit time for each channel individually.

3.1 Timing precision against event trigger

To retrieve the timing precision of a single channel, all hits seen by this channel that stem from rings
correlated to an e*-candidate are used. Those hits additionally need to have a time-over-threshold
(ToT) of +0.05 ns around the channel’s average single photon ToT value. In this way any artificial
broadening of the resulting timing distribution due to walk effects from different signal amplitudes
and hence ToTs? is suppressed. The selected hits are filled into one-dimensional histograms for each
channel. These histograms each feature a distinct Gaussian distribution. The standard deviation of
each distribution is then used as an estimate for the timing precision of the particular channel. As
not all channels see enough hits from rings correlated to an e*-candidate due to lower ring densities
in the outer detector regions, those predominantly outer channels are disregarded in the further
timing analysis. The distribution of all single channel timing precision values is depicted in figure 7
on the left side. The average timing precision of the full detector using this approach is found to be
221 ps. The obtained result is still folded with the timing precision of the START detector which is
used as the event trigger. This influence is considered to be small due to the good timing precision
of the START detector, in the order of 50 ps [4]. The achievable timing precision is limited by the
MAPMT properties in terms of the Transit-Time Spread (TTS) in the order of 150 ps.

3.2 Timing precision between channel pairs

The second approach uses the measured time differences between individual Cherenkov photon
hits within one ring. Here, all channel pairs are taken, that detected hits from the same ring

2The amplitude dependant time-walk is not yet corrected for in the standard analysis chain, but will later be corrected
based on the ToT measurement.



being correlated to an e*-candidate. The time between the two hits is thus independent of the
event trigger and only influenced by variances in the DiRICH time-to-digital converter chain and
channel-individual offsets. Also in this analysis, the ToT influences the timing of each individual
channel due to walk effects. Since both photons in each channel pair are now measured by the
RICH, this influence can be partially eliminated by only comparing single photon hits which have
similar ToT and thus amplitude. A cut on a maximum ToT difference of 0.5 ns is applied in order to
minimise the influence of time-walk on the result. However, even with this limit on the ToT, the still
persistent walk in this Tol-window will worsen the timing precision more strongly as compared to
the single channel analysis. Also in this method the time difference distribution for each channel
pair follows a Gaussian shape which allows for extraction of the standard deviation via fit. As before,
to derive the average detector timing precision, the standard deviations of all individual channel
pairs across the whole detector are combined into one histogram. This histogram is depicted in
figure 7 on the right side. Channel pairs without enough coinciding hits are not taken into account.
This method results in an upper limit of 226 ps for the average timing precision of the full detector.
The remaining broadening in this result due to time-walk is estimated to be in the order of 20 ps.3
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Figure 7. Left: standard deviations of the time difference distribution for each channel against the event
trigger. Right: standard deviations of the channel pair time difference distribution for each channel pair
seeing the same rings from e*-candidates. Here the channel pair standard deviation is divided by V2 to show
the channel-individual standard deviation, assuming that both channels contribute equally to the standard
deviation of the channel pair. For this histogram, the number of entries reflects the number of channel pairs
with a reasonable number of simultaneous hits.

3According to a linear extrapolation, loosening the cut on the maximum ToT difference.



4 Conclusion

This article shows the good performance of the upgraded HADES RICH during the March 2019
beamtime. This conclusion is drawn from a homogeneous ring centre distribution and a clear
reduction of all hadronic components in the S vs. momentum distribution requiring a correctly
identified Cherenkov ring in the RICH. Good agreement between measured and simulated data
of low-level observables, such as number of hits per ring and spatial ring radius distribution, is
presented. An average timing precision of 230 ps and below across the full detector is achieved
using the presented analysis method for a small ToT bin.
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