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Operation and readout of CGEM inner Tracker
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The extension of the BESIII experiment (IHEP, Beijing) until 2030 has triggered a program to
improve the accelerator and the detector. In particular, it is proposed to replace the current inner
drift chamber with a cylindrical GEM detector. The inner CGEM tracker consists of three coaxial
layers of triple GEM and is expected to restore efficiency, improve z-determination and secondary
vertex position reconstruction with a resolution of 130 μm in the xy-plane and better than 500 μm
along the beam direction. A special readout system was developed. The signals are processed
by TIGER, a custom 64-channel 110 nm ASIC that provides an analog charge readout via a fully
digital output to the GEM Read Out Card. The three layers were assembled in October 2023 and
a cosmic ray data collection campaign is underway to evaluate performance prior to installation
in BESIII. The general status of the CGEM-IT project will be presented, with a particular focus
on the first cosmic ray detection results.
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1. Intruduction

The BEijing Spectrometer III (BES III [1]) is the experiment placed at the interaction point of the
BEijing Electron-Positron Collider II (BEPC II [2]), a symmetric double ring collider working in the
energy range [2.0-4.9] GeV with an instant luminosity of 1033 cm−2s−1. The BESIII spectrometer
is composed of 5 sub-detectors [3], the Main Drift Chamber (MDC), the Time Of Flight system
(TOF), the Electro- Magnetic Calorimeter (EMC), the Super Conductive (SC) solenoid and the
MUonCounter (MUC). The whole system’s design guarantees the coverage of the 93 % of the solid
angle.
BESIII is a multipurpose spectrometer that allows the investigation of different topics such as
charmonium, charm physics, light hadron spectroscopy, and 𝜏-physics [4]. To keep playing an
important international role in these studies several accelerator and detector upgrades have been
planned since 2017 to increase the available luminosity in the center of mass and to enhance the
detector performances [5]. In particular, after 10 years of data taking, the inner part of the MDC is
suffering from aging due to beam-induced background which has caused an important decrease of
the relative gain of the innermost layers (about a 51 % drop for the first layer in 2022, as shown in
Figure 1 ) [6].

Figure 1: Relative gain of the BESIII drift chamber. The vertical red line shows the separations between the
inner and outer drift chamber

The Italian collaboration in BESIII proposed a new inner tracker based on a Cylindrical Gas
Electron Multiplier (CGEM) to replace the first 8 layers of the old MDC. This represents an
innovative solution since it has been used successfully used only once, by the KLOE-2 experiment
[7]. Some advantages of this technology are the high counting rate capability, low sensitivity
to aging, and low material budgets. The new CGEM inner tracker should improve the radiation
hardness but also improve the secondary vertex reconstruction. The expected spatial resolution
is ∼130 μm in the transverse plane and better than 350 μm along the beam direction. A detailed
description of the CGEM-IT project is given on Ref. [8].
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2. The Cylindrical GEM Inner Tracker

The CGEM-IT consists of three independent cylindrical triple-GEM detectors [9], identified
as Layer1 (L1), Layer2 (L2), and Layer3 (L3), from the smallest toward the largest in radius. Each
layer is composed of a cathode, three GEM foils, and a readout anode, as shown in Figure 2. The
triple-GEM arrangements lead to a gain of ∼ 104 with a discharge probability below 10−6 [10]. The
anode is segmented in 5 μmthick strips etched on both the copper sides on the Kapton foil. The
strip orientation of the two sides of the anode are different. The X strips are parallel to the beam
direction, and provide the azimuthal coordinate, while the V strips form a stereo angle with the X
strips, as represented in Figure 2. The V strips, together with the information on the X, the position
in the direction parallel to the beam. The V strips stereo angle of each layer is different and is 43.3°,
-31.1°, and 33.0°.

Figure 2: Schematic representation of cylindrical triple GEM structure. (a) Layout of a single layer; (b)
sketch of the strip orientation on the cylinder

The chosen gas mixture for the detectors is Ar : iC4H10 with the ratio (90:10). The operating
values of the fields are: 1.5 kV/cm for the drift field, 3 kV/cm for the two transfer fields, and 5
kV/cm for the induction field. The GEM voltage differences are 285 V, 285 V, and 275 V, from
GEM1, GEM2, and GEM3, respectively.

In summer of 2023, assembly operations of L3 were completed in clean room at the Institute
of High Energy Physics (IHEP). In August 2023, the gas and HV system were validated and L3
could be moved out of the clean room. After further testing, the last layer was inserted to complete
the structure of the CGEM-IT and it was ready for the first cosmic-ray data taking.

3. The CGEM-IT readout chain

The overall number of stip of the CGEM-IT is about 104 and they are read by a dedicated
readout chain illustrated in Figure 3, which can be divided into two main parts: the on-detector and
off-detector electronics [11].

The on-detector electronics consists of a series of Front-End Boards (FEBs), each of which
provides a digitized output with the time and energy measurement related to each strip. The FEBs
are directly coupled with the anode readout tails and the detector ground to minimize noise pickup
and avoid signal degradation. They are located in the dead space between the detector’s layers
and due to mechanical constraints, each FEB is divided into two printed circuits and FEBs of
different layers have a different layout. Each FEBs hosts two TIGER chips (Torino Integrated GEM
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Figure 3: Overview of the CGEM-IT electronics readout chain, from the detector to the BESIII Data
Acquisition System

Electronics for Read-out), which are a 64-channel mixed signal ASIC capable to perform charge
and time measurement simultaneously. A full description of the TIGER chip is given in [12]. Each
FEB is equipped with a water-cooling heat exchanger plate, which dissipates the heat produced and
allows the ASICs to operate at a stable temperature.

The off-detector electronic is based on the GEM ReadOut Card (GEMROC) and GEM Data
Concentrators (GEM-DC). Each GEMROC handles up to 4 FEBs, it distributes the analog and
digital voltage to the FEBs, allows the configuration of the FEBs, monitors the FEBs parameters
(temperature, currents, and voltages), and manages the data flux coming from the TIGERs [13]. The
data selected by the GEMROCs are collected by two GEM Data Concentrators (GEM-DC), which
store the received data in the BESIII Data Acquisition System. The GEMROCs are controlled by
a Graphical User Front-end Interface (GUFI) a dedicated Python suite that allows to configure the
FEBs and the data acquisition settings.

4. The cosmic ray data taking

A long cosmic ray data-taking has been organized to evaluate the detectors’ performances, from
December 2023 to May 2024. A cosmic ray stand has been set up, with a trigger for the electronics
the coincidence of output signals of two scintillators with PMT readout, placed above and below
the CGEM-IT detector. The active area of the scintillators is 1.0 m × 0.6 m. The scintillators have
been moved and rotated during that data tacking to be able to evaluate the performances in different
geometric areas of the detectors. To guarantee safe operations during long period of activities an
Interlock System (IS) has been implemented. The IS core is a Programmable Logic Controller
(PLC), which thanks to a several sensor and dedicated communication lines can determine if the
detector configuration is safe or not, and if necessary acts to ensure the safety of the detector.
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The selected data from the GEMROC are analyzed to determine whether the 104 X and V strips of
the CGEM-IT collect charge and are read by the electronics correctly. Figure 4 illustrates a plot of the
charge collected from each strip of Layer 1. The data are processed by the BESIII Offline Software
System (BOSS) optimized for the CGEM-IT readout, which provides the geometry description of
the detector, the digitization for the simulation, and the cluster reconstruction. A tracking-fitting
algorithm is applied to all 2D clusters, making it possible to study the CGEM performances. In
Figure 5 cluster charge and the residual distribution, of tracks with an incident angle of ± 5◦.

The results of the analysis and other correlated works done by the CGEM-IT collaboration have
been presented at an internal review committee that recommended the installation of CGEM-IT in
BESIII during the machine upgrade in 2024.

(a) CGEM-IT strip X vs collected charge [fC] (b) CGEM-IT strip V vs collected charge [fC]

Figure 4: The not flat charge distribution on the strip V is due to the different lengths of the V strips. The X
strips do not show this behavior, since they are all the same length. Similar plots are produced for L2 and L3

(a) (b)

Figure 5: a) Distribution of cluster charge in the three TOP semi-layers. b) Distribution of residual
distribution in the three TOP semi-layers.
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