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Challenges of HL-LHC
� 140 - 200 collisions per bunch crossing

(pileup)

� Spatial overlap of tracks and energy de-

posits from additional collisions −→ degra-

dation in particle ID and reconstruction effi-

ciency

The Solution: MIP Timing Detector (MTD)
� To mitigate pileup and help maintain the current excellent performance of CMS detector during HL-

LHC.

� Provides timing information for Minimum Ionizing Particles (MIP) with a resolution of 30 - 40 ps at

the beginning of HL-LHC operation.

� Enables 4D reconstruction of vertices and thereby helps disentangle vertices which are close in space

but are separated in time.

� Crucial in improving the capabilities of HL-LHC physics programs.

MTD Barrel Timing Layer (BTL)

� Thin, cylindrical layer between CMS tracker and ECAL,

housed inside the tracker support tube (TST).

� Sensor technology: LYSO:Ce (Cerium-doped Lutetium Yt-

trium Orthosilicate) crystal scintillator bars coupled to sili-

con photomultipliers (SiPMs).

� Thermoelectric coolers to enable SiPM operation at -45oC

and annealing to 40oC during shutdowns to limit SiPM Dark

Count Rate (DCR) induced by radiation damage.

� SiPMs are read out by a dedicated ASIC, named the TOFHIR

(Time-of-flight, High Rate) chip.

BTL test beam studies

� Performed at Fermilab Test Beam Facility using 120 GeV protons.

� Tested 3 crystal bar dimensions: 3×2×57 mm3, 3×3×57 mm3, 3×4×57

mm3 ; and 2 types of unirradiated SiPMs, one from Hamamatsu with an ac-

tive area of 3×3 mm2 and other from Fondazione Bruno Kessler with an

active area of 5×5 mm2

� MTD target time resolution for unirradiated SiPMs achieved: σt = 30 ps

Other R&D in progress

� To better understand the end of HL-LHC operation condi-

tions of BTL sensor modules with irradiated SiPMs

� To develop tools and procedures for module assembly.

� To develop software components needed to integrate BTL

readout into the central DAQ system.

� To integrate and validate full data acquisition chain as in the

real detector.

� To test and validate BTL CO2 cooling setup
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BTL module mounted on a heat sink for test beam studies.
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