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Introduction
The upgraded ALICE ITS
The ALICE detector is undergoing an upgrade for Run 3 at the LHC A
new Inner Tracking System (ITS) is part of this upgrade. The upgraded
ALICE ITS features the ALPIDE, a Monolithic Active Pixel Sensor. Due to
IC fabrication variations and radiation damage, the threshold values for the
ALPIDE chips in the ITS need to be measured and adjusted periodically to
ensure the quality of data.

Figure 1: The Upgraded ALICE and ITS

The upgraded ITS has been installed inside the cavern earlier this year,
Figure 2 shows the the ITS during installation.
The ALICE Online-Offline computing system (O2) is the software framework
where programs for data-taking, analysis, etc. are implemented.

Figure 2: The upgraded ITS during installation

Charge Sensitivity Scanning of ALPIDE
The signal processing in ALPIDE
The cross section and signal processing diagram of ALPIDE are shown in
Figure 31. When there is a hit on the pixel, the electrons collected at the
diode will induce a current signal at the input transistor (PIX_IN). The
analog circuit in the pixel amplifies this signal and if the amplified signal
(OUT_A) is greater than a set threshold, then the signal OUT_D will be
passed to the digital multi event buffer, and latched as binary information.
The threshold value
The threshold value is set for all the pixels per chip. However, due to
radiation damage and fabrication variations, the threshold value for each
pixel varies.

Figure 3: Pixel analogue front-end and calibration procedure

Figure 4: Calibration procedure

S-Curve measurement
While the charge threshold is defined by ITHR, VCASN, and IDB as shown
in Figure 4, the analogue values cannot be read directly. Thus the S-curve
measurement is applied to read the threshold values. By utilizing the built-in
analogue pulsing feature, discrete test charges can be injected to the pixels.
The threshold of the pixels can be measured by injecting a increasing series
of discrete test charges. In theory, the only variable in an S-Curve scan is
the Qinj show in Figure 3. Figure 5 illustrates a typical a typical S-Curve2.

Figure 5: S-curve measurement: hit ratio r(Qinj) as a function of Qinj for a pALPIDE-1
pixel at nominal bias settings and VBB = 0 V

Results and Outlook
Figure 6 illustrates the normal analysis workflow pipeline3 and the calibration
workflow pipeline in ALICE Online-Offline computing system (O2).

Figure 6: Data processing hierarchy of normal analysis and calibration analysis in O2

Dedicated test runs have been performed at CERN to produce sample data
for testing the calibration components. The development and results de-
scribed in the poster are based on the v21.15 release of the ALICE O2

repository, and the version 6 of the Raw Data Header format. The charge
sensitivity calibration prototype described in this poster are also evolving
with the update of the ITS firmwares and the O2 computing system.
The ITS calibration workflow extracts the run settings (number of charges
injected) and the hit information (which pixels are fired under certain run
setting) from the raw data. An example of the result from scanning is
illustrated in Figure 7.
The next step for the development will be focused on the S-curve fitting
of the parsed data, taking more calibration data to test the workflow. The
averaged threshold and noise values will be stored into the conditions and
calibration database.

Figure 7: An example S-Curve taken from test data
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