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Conclusions
■ The High-Luminosity LHC upgrade will highly improve the potential of new discoveries but will also pose a big challenge for the particle detectors

■ A whole new tracker is already in preparation for CMS, with high radiation tolerance, and high granularity, leading to unprecedented data transmission

rates

■ The Inner Tracker will feature a radiation-hard RD53 chip

■ The pre-production unit, codenamed CROC, is already being tested and shows good results so far, more measurements are to be done soon
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The Phase-2 CMS Inner Tracker
■ Phase-2 Inner Tracker will consist of 2500 µm2 silicon pixels – 6

times smaller than the current ones

■ It will have 12 forward disks instead of 3 to improve the detection of

forward events, making the total pixel count of ~2 billion

■ It will feature the radiation-hard RD53 chip, developed by the RD53

collaboration, that will be able to handle the required data

transmission rates

■ The R&D for the Inner Tracker is well underway and pre-production

prototypes are already being tested

■ A completely new data acquisition and control software was

developed to perform system test and production quality assurance

Phase-2 CMS Detector Upgrade
■ The CMS detector will undergo a Phase-2 upgrade to tackle the challenges

■ Along with many other improvements, a completely new silicon tracker is planned

and already in preparation

■ The tracker is a very important part of the detector, as it is its innermost layer that

registers the tracks of all the charged particles and measures their momentum

■ The tracker will consist of two parts: Inner and Outer

 Inner tracker, consisting of very-high-granularity silicon pixel detectors, will extend up

to η < 4.0

 Outer Tracker, consisting of silicon strip and macro-pixel sensors will be used in L1

trigger for the first time

The Phase-2 CMS tracker layout. Green and yellow denote the Inner Tracker, blue and red – the Outer Tracker [2]

The High-Luminosity LHC
■ The Large Hadron Collider at CERN will undergo a High-Luminosity upgrade in 2025-2027

■ This will result in 10 times larger instantaneous luminosity, compared to the nominal LHC luminosity, and a

larger pile-up, reaching values of up to 200 [1]

■ More proton collisions will vastly improve the discovery potential

■ CMS and ATLAS detectors have Phase-2 upgrades planned at the same time to be able to cope with the

new conditions

The Challenges
The upgraded detectors will have to:

■ Withstand ~10 times higher radiation dose (up to 1.2 Grad in innermost layers)

■ Be able to separate ~10 times larger number of tracks

■ Be able to read out ~10 times more events (up to 750 kHz)

Expected total ionizing dose in Gy for the Phase-2 CMS tracker, corresponding to an integrated luminosity of

3000 fb-1 of pp collisions at 14 TeV. Result produced using CMS FLUKA geometry 3.7.2.0 [2].

Now In 2027
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Prototype tests and calibration
■ The RD53B pre-production chips, codenamed CROC for the CMS version and ITkPix-V1 for ATLAS,

are currently being tested

■ The characterization measurements performed with CROC so far show no major issues, and

significantly better performance over its predecessor demonstration chip, the RD53A

■ The threshold calibration procedure can bring the threshold spread between different pixels down to

only 50 electrons

■ It was also shown that the threshold spread is not correlated with the threshold value and per-pixel

threshold tuning

■ More tests will be done soon

Hit detection threshold distributions of a tested

pixel sensor on the RD53B chip before and after

threshold tuning

Threshold distributions after threshold tuning to

~2600 electrons, and after shifting the global

threshold to 1500 electrons without retuning

Comparison of the threshold spread (std. dev.) as

a function of one of the available calibration

settings (LDAC) between RD53A and RD53B
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