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The first Large Size Telescope (LST-1) of the Cherenkov Telescope Array has been operational since October 2018 at La Palma,
Spain. We report on the results obtained during the camera commissioning. The noise level of the readout is determined as a 0.2
p.e. level. The gain of PMTs are well equalized within 2% variation, using the calibration flash system. The effect of NSB on the
signal readout noise as well as the PMT gain estimation are also well evaluated. Trigger thresholds are optimized for the lowest

possible gamma-ray energy threshold and the trigger distribution synchronization has been achieved within 1 ns precision.
Automatic rate control realizes the stable observation with 1.5% rate variation over 3 hours. The performance of the novel DAQ
system demonstrates a less than 10% dead time for 15 kHz trigger rate even with sophisticated online data correction.

1. LST camera overview 2. Noise level

The camera of LST is shown in Figure 1. It Figure 2 (Left) shows the noise level (pedestal standard deviation) as a function of the NSB level. The noise
consists of 265 modules, each of which is level with the shutter closed and HVs on corresponding to 0.21 p.e.. It gets higher with higher anode currents. A
equipped with 7 PMTs. The digital trigger signal fitting function indicates that the relation is explained by a square root function. Figure 2 (Right) shows the noise

is generated in each module and propagated level is stable at 1% level (peak to peak) for 3 hours.
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Figure 1: The variation over time for one pixel is ~ 0.5%.
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~ L1 threshold values are chosen such that

The trigger system consists of two trigger levels (LO and L1), the TIB and the BPs.

* LO: Acting at individual pixel level, adjusting the path length and amplitude.

« L1: Signal from a region of 21 neighbour pixels are summed up and examined at
the module. A local camera trigger is raised if any of the summed signal is above
the threshold (DT)

« BP: Trigger signals from/to the modules are propagated via BPs. Specific delays
are defined in each BP so that the timing of the trigger from/to the modules are
equalized (See Figure 5).

« TIB: Examine the trigger inputs and busy state of readout, and if appropriate, sends
the trigger signal to the modules

» |t provides maximum rate in all trigger regions
» keeping them all out of the NSB dominated region

« for any NSB conditions (See Figure 6)
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5. DAQ performance

The network architecture of the DAQ system is

10Gbps links
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Figure 8:

case are preSGnted N F|gure 8. The front-end boards send data through 265 1-Gbps Ethernet links, which Event output rate for randomly triggered events and triggers with constant
are concentrated in six 10-Gbps Ethernet links by a set of six Ethernet delays (frequency) and deadtime (random trigger only) as a function of
switches. These data are received by the camera server equipped with trigger input: The requirements on deadtime (< 5% at 7 kHz, red arrow) and
custom tailored software for data assembly and preprocessing. minimal sustainable rate (15 kHz, green arrow) are fulfilled.

6. Stability of data taking

To achieve stable observations with changing sky conditions, the
online rate control is designed to modify the thresholds on the fly.
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Figure 9 illustrates an example of the rate control. Figure 10
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are shown as a function of the time.

a standard deviation of 1.5% during the 3-hours observations.

shows the expected rates using the zenith.
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