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We integrated the detector and the readout electronics for a new inner-station TGC system at
the ATLAS experiment and evaluated the performance in preparation for the HL-LHC. The
TGC detectors installed in the end-cap inner stations of the ATLAS detector will be upgraded
from doublet to triplet chambers to improve the selectivity of the first-level muon trigger. The
challenging structure of fitting a triplet within the same envelope as the doublet necessitates
integration tests with the readout electronics. The detector and readout electronics from early
production were integrated, and the measurements showed an acceptable noise level and a detection
efficiency of 92-94% for each layer. Additionally, the trigger circuit was developed requiring
coincidences in two or more layers for this detector, which was confirmed through the functional

simulation.
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The High-Luminosity LHC (HL-LHC) is scheduled to start in 2030. The ultimate luminosity
is 7.5 x 10°** cm™2s~!, and it is crucial to keep the first-level trigger rate lower than 1 MHz at the
ATLAS experiment [1]. In the muon trigger, the inner-station Thin Gap Chamber (TGC), covering
a pseudorapidity range of 1.05 to 1.3, is used to suppress charged particles (fake muons) that do not
originate from the interaction point (Figure 1). The current inner-station TGC consists of a two-layer
(doublet) structure, and a failure on one layer makes the detector unusable for the trigger. Therefore,
to accommodate the increased luminosity, the inner-station TGC will be upgraded to a new three-
layer (triplet) structure (Figure 2) [2]. This new detector features a challenging and unprecedented
structure that fits the triplet within the doublet’s envelope. In this report, the performance of its first
production modules, as well as the development of the trigger circuit, will be presented.
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Figure 2: Internal structure of the new
Figure 1: A cross-sectional view of the ATLAS detector, with  inner-station TGC detector. The dots
the inner-station TGC highlighted. Images of the truth and fake and the red lines represent the wires and
muon trajectories are also shown. strips, respectively.

The measurements used Amplifier-Shaper-Discriminator boards (ASD) and readout boards with
trigger logic. The threshold voltage (V) for the discriminator of the ASD is supplied from the
readout boards. The hit signals are synchronized to 40 MHz, and the trigger logic selects the events
by requiring the hits on two or more layers for efficiency measurement and randomly for noise
evaluation. We conducted measurements on two detectors.

The noise occupancy was measured from the signal rate as a Vy, function. A high voltage of
2.8 kV was supplied to wires, and carbon dioxide was used as the filling gas. While the actual
operation will be conducted with n-pentane, pure carbon dioxide is sufficient for noise evaluation.
The average ratio of noise hits obtained from one million events was calculated as the occupancy.
Nominal Vy, values for the operation are 60 mV for wires and 70 mV for strips, with higher values
used for relatively noisy chambers (~ 1%). The occupancy was found to be zero when the wire is at
Vi = 20 mV and the strip has Vg, > 90 mV (Figure 3) [3]. The results are acceptable for operation.
The efficiency was measured using a high voltage of 2.8 kV with a carbon dioxide and n-pentane
mixture. One million cosmic events were recorded using Vy, = 100 mV for both wire and strip. The
efficiency was determined from the ratio of the events with hits on three layers over the events with
hits only on the two outer layers. The hit positions are constrained so that the efficiency depending
on the channels is evaluated. As a result, the efficiency was found to be 94.0 + 0.1% for the wire
and 92.2 + 0.1% for the strip (Figure 4) [3].

With the upgrade of the detector, a new coincidence circuit was developed and implemented.
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Figure 3: Noise hit occupancy as a function of Vi, (left: wire, right: strip) [3]. The circles and triangles
show the averages over the eight channels. The error bars show the standard deviation for the eight channels.
The red and blue plots show the results for the two modules.
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Figure 4: Results of the efficiency evaluation for the middle layer (left: wire, right: strip) [3]. The red
and blue plots show the results for the two modules. The lower efficiencies for several strip channels are
consistent with the internal support structure of the TGC.

The TGC circuit reconstructs the detection position of muon tracks through coincidence. The
coincidence logic requires hits in at least two or more layers and outputs the detected points of the
tracks after taking coincidences. To verify the implemented logic, the simulation of the logic was
performed along 2428 different input patterns. As a result, the outputs were confirmed to be correct
without any errors.

In summary, the performance of the new inner-station TGC at the ATLAS experiment for HL-LHC
has been evaluated, and the coincidence circuit for the trigger has been developed. The noise level
was found to be small. The efficiencies are 94.0 + 0.1% for wires and 92.2 + 0.1% for strips. A
coincidence circuit for the first-level trigger has been validated through logic simulation. Mass
production of the chambers and electronics boards is underway.
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