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The CBM (Compressed Baryonic Matter) experiment being built at the FAIR facility in Darmstadt,
Germany aims to investigate the QCD phase diagram at high-net baryon densities and moderate
temperatures. The FAIR accelerator will provide high-intensity heavy-ion beams for this fixed
target experiment. To ensure the best operability of CBM at day one, a prototype of CBM has
been set up, including scaled-down versions of almost all the detectors later to be employed in
the final CBM setup. One main goal of this prototype called mini-CBM (mCBM)), is to establish
the free-streaming readout scheme envisioned for CBM. To test this scheme a dedicated test beam
time was carried out at the beginning of 2024.

This contribution will focus on the mRICH detector, being part of mCBM. The mRICH is a
proximity-focusing RICH detector using the same read-out electronics as the RICH detector in the
final CBM experiment. Special focus is given to its timing performance which is crucial for a free
streaming read-out setup. Furthermore, its general performance is discussed, depending mainly
on the aerogel radiator being in operation for more than four years.
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1. Introduction

The mini-CBM (mCBM) detector is a prototype apparatus situated at GSI Darmstadt, Germany.
This prototype aims to test all subsystems of the future CBM (Compressed Baryonic Matter) [1]
experiment, to be built at the FAIR facility in Darmstadt, Germany. It includes scaled-down versions
of nearly all detectors later present in the final experiment setup. It is a fixed target experiment
investigating heavy ion collisions like Au-Au or Ni-Ni. One goal of this effort is to establish the
free-streaming readout scheme envisioned for CBM. To test this scheme, a dedicated test beam time
was carried out in the beginning of 2024.

The mRICH detector is the prototype for
the CBM RICH (Ring-Imaging CHerenkov)
detector[2]. This family of detectors allows the
identification of charged particles through the de-
tection of Cherenkov radiation photons emitted
when charged particles traverse a radiator mate-
rial. The mRICH uses two 3 cm thick aerogel
plates as radiator, covering a surface of 20cm X
45 cm. In this so-called proximity focusing setup,
the Cherenkov photons are detected using Multi-
Anode PhotoMultiplier Tubes (MAPMTs), which
are placed 10 cm downstream of the aerogel plates.
When a charged particle passes through the aerogel
plates, it emits photons at fixed angle, resulting in a
circular projection on the MAPMT-plane. A front
view of the detector is shown in Figure 1.

The photon detection plane is read out by the
DiRICH readout system interfacing into the Com-
mon Readout Interface (CRI) used for CBM. The
implementation foresees that always two DiRICH
Front end boards (FEB) (32 channels) read out one
MAPMT (64 pixels). Each DiRICH-FEB records
both leading- and trailing-edge of incoming signals

Figure 1: mRICH detector front view.

and stores them in a buffer. Every few hundred
microseconds, the Common Readout Interface (CRI) sends a read out trigger to the DiRICH-
combiners. The combiners gather and merge data from twelve connected DiRICH-FEBs, which
consequently empty their buffers. The merged data is then sent to the CRI and written to disk for
reconstruction. The rings formed on the MAPMT plane are reconstructed from hits using Hough
transform-based circle finder, and fitted using a Taubin ellipse function. Since the RICH follows a
proximity focusing set up, the center of the ring marks the spot where the corresponding particle
impinges the photon detection plane.
This proceeding reports on the quality assessment of the mRICH detector by comparing its
performance in the 2023 data taking to that of the 2021 data campaign. Loss of data due to buffer
overflow is investigated, and possible solutions are discussed. Furthermore, subsequent sections
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study the temporal and spatial correlation between mRICH and the Transition Radiation Detector
(mTRD).

2. Aerogel status

The mRICH aerogel plates had not been in active use for two years prior to 2023 data collection.
This raised concerns regarding potential degradation because aerogel plates tend to absorb moisture
and increase their refractive index, which impacts the detector’s behavior [3].

To evaluate the condition of the aerogel,
the ring center distribution on the detector MRICH Ring Center distribution

plane is analyzed in figure 2. This distri- 20 12
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within acceptable limits. This is a good ob-

servable of the overall performance of the  Figure 2: Distribution of ring centers on the mRICH.
apparatus. Depending only on the MAPMT

efficiencies, the readout efficiency and the radiator, differences between the two data-taking periods
would become obvious. Immediately visible is the difference in the distributions when comparing
the upper and the lower part of the mRICH, indicating the slightly different properties of the two
installed radiators. However, in terms of the old/new ratio plot, no difference is observed.
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Figure 3: Number of hits per ring on the upper (left) and lower half (right) of the mRICH detector. Different
colors indicate the two different measuring campaigns, with the old/new ratio depicted underneath the
corresponding figure.
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These findings indicate that within the compared period, the aerogel plates have maintained
their optical properties and function effectively within the mRICH detector. The observed stability
in the ring center distribution and the minor decrease in the mean number of hits per ring are within
acceptable limits and likely attributable to a minuscule drop in detector performance rather than
significant degradation of the aerogel.

3. Buffer Issues and Solutions

A potential concern with the data acquisition of mRICH is data loss due to buffer overflow,
since buffers are only emptied after receiving a periodic readout trigger. This section investigates
the buffer occupancy to assess this risk and also explores ways of mitigating it.

Each signal from the MAPMT is stored as two words (leading and trailing edge, 1 word = 32
bits). Each DiRICH-FEB is set to store 490 words, while each individual channel can store 15
words, meaning seven hits. Hence, when the CRI trigger rate is 3 kHz a channel will lose data if
the hit rate per channel is greater than 15 kHz. If the ring-buffer of the corresponding channel fills
up before readout, old hits are overwritten and lost.

To test this behavior with real data, two different measurement runs are taken with different
readout rate and collision systems. Au-Au collisions with a readout rate set to 3.125 kHz, and lower
particle rates measuring Ni-Ni collisions with a readout rate set to 12.5 kHz are analysed. We can
compare these runs to look for the effect of buffer overflow.
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Figure 4: Comparison of DiRICH buffer fill levels for Au-Au collisions (left, 3.125 kHz CRI readout rate)
and Ni-Ni collisions (right, 12.5 kHz CRI readout rate). The higher particle rate in the Au-Au system along
with the lower readout rate results in an instance of buffer saturation, which is not observed in the Ni-Ni data.

Figure 4 presents the DiRICH buffer fill level distribution at the time of the readout trigger. The
left plot reveals instances of complete buffer saturation. While these occurrences are infrequent,
the critical factor is individual channel overflow, which leads to data loss. Complete DiRICH
overflow requires all channels to overflow simultaneously. Thus, the observed instances of full
buffers indicate a non-negligible probability of data loss. In contrast, the right plot, corresponding
to a run with a lower particle rate and higher readout rate, shows a significantly reduced frequency
of full buffer states. This suggests that increasing the readout rate can mitigate data loss due to
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buffer overflow. Future systematic measurements are planned and will give quantitative insight on
how much of the overflow effect can be mitigated by such measures.

4. Correlations with mTRD

As demonstrated in the earlier sections, the detector as a single apparatus is working as intended.
In the next step, the correlation between the mRICH and the mTRD is studied, accounting for
misalignment in space and time.

mTRD is the prototype of the CBM TRD which stands for Transitional Radiation Detector [4].
It is comprised of two layers (Z1 and Z2). Z1 is closer to the target and has good spatial resolution
along the x-direction, while Z2 has good spatial resolution along the y-direction. This combined
system has excellent spatial resolution which is necessary for spatial alignment. It lies halfway
between the target and the mRICH detector in the mCBM experiment.

To obtain the time correlation between mRICH

and mTRD, all possible pairs of mTRD hits and 0.0101ime correlation - mRICH vs mTRD
mRICH rings are found. Filling the time difference —— 1:50<t<90
of these pairs in a histogram, should reveal a peak at g 0.008{ ! ;i /\
the offset value between the two detectors. Figure 5 %0 006 # ‘\“
shows that the time offset between the two detectors 5 X
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The spatial alignment of the detectors can be g 0.002 \\
measured on one axis at a time. Starting with the =7 ) T ey
alignment along y, the left plot of figure 6 shows 0.000 7 5 5 100 200
a 2D histogram correlating the y-position of the Time Difference [ns]

mRICH (horizontal axis) to the y-position of the
mTRD hit (Vertical axis). Due to large amounts
of noise in both detectors a correlation in the form
of a light band is only slightly visible. To remove
parts of the noise, a cut on the time difference between the two hits is applied, accepting pairs only
if the time difference is between 50 ns and 90 ns (marked in green in figure 5). As can be seen on
the right histogram in figure 6 , the band is more pronounced after removing the noise and a line
fit can be applied. The fitted line passes through the origin with a slope of 0.5. Hence, we can
conclude that the 2 detector systems are aligned in the y-direction.

Figure 5: Time-correlation between mTRD and
mRICH. Different colors mark the different layers
of mTRD.

For the x-axis correlation, we construct the same histogram. In figure 7 on the left we see
the correlation histogram with the time cuts applied. Since this plane of the mTRD features more
noise, this cut does not suffice to observe a strong spatial correlation. Hence, the established y-axis
correlation is used, selecting pairs that have their y-coordinates fulfilling the condition in equation 1

Yiich Yiich
ric +2cm > Yyg > ric

—2cm. (D

After applying both, time cut and Y-cut on the X-correlation, the histogram on the right side of
figure 7 shows a strong correlation in form of a bright band. Upon fitting a line, it passes through
the origin with a slope of 0.47. It has a smaller slope as Z1 since it is closer to the target. Hence,
one can conclude that the two detector systems are aligned in the x-direction as well.
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Figure 6: Spatial correlation in y-direction between mTRD and mRICH. The left side of the figure shows
all hit pairs. The right side of the figure shows only hit pairs passing a cut on the time difference.
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Figure 7: Spatial correlation in x-direction between mTRD and mRICH. The left side of the figure uses hit
pairs passing the time difference cut. The right side of the figure shows only hit pairs passing the time cut
and also the spatial cut derived from the y-correlation.

5. Conclusion and Outlook

The mRICH detector has demonstrated robust performance and stability over several years of
operation, with the aerogel radiator maintaining its optical properties despite so much time being
passed. Analysis of the ring center distribution and the number of hits per ring confirms the
detector’s continued functionality. Investigations into buffer occupancy revealed a non-negligible
risk of data loss due to buffer overflow, especially under high particle rate conditions. However,
increasing the CRI readout rate effectively mitigates this risk. An increase of the CRI readout rate
is suggested to mitigate this risk of data loss. Correlation studies with the mTRD demonstrate
successful time synchronization and spatial alignment between the two detector systems.

Future work will focus on further optimizing the mRICH detector and its integration within
the mCBM experiment. This includes:

* Refining buffer management strategies: Investigating firmware changes on the DiRICH-FEB
for larger buffer sizes.
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* Detailed performance studies: Conducting comprehensive efficiency and resolution measure-
ments.

* Integration with mCBM detectors: Strengthening the interplay between mRICH and other
detector subsystems like mSTS or mTOF to enhance overall event reconstruction capabilities.
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