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During the High Luminosity phase of LHC, up to 200 proton-proton collisions per bunch crossing
will bring severe challenges for event reconstruction. To mitigate pileup effects, an extended upgrade
program of the CMS experiment is expected. A new timing layer, the MIP Timing Detector (MTD),
will be integrated between the tracker and the calorimeters. With a time resolution of 30-60 ps,
the MTD will enable 4D vertexing and it will bring significant improvements in track-to-vertex
association and object identification. The MTD is composed of two subsystems based on different
technologies: the Barrel Timing Layer (BTL) consists of LYSO:Ce scintillating crystals readout by
SiPMs and the Endcap Timing Layer (ETL) is made of Low Gain Avalanche Detectors. The BTL
is currently under production, while ETL sensor prototyping and validation are ongoing. Recent
system tests have confirmed the performance of the full acquisition chain. This talk will provide
an overview of the MTD design, along with the physics motivation and the current status of BTL

construction and ETL development.
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I. INTRODUCTION

The LHC has demonstrated its dual role as both a
discovery machine and a precision instrument. Large
datasets, together with advanced reconstruction tech-
niques, have enabled measurements of high accuracy.
To achieve the precision necessary for studying very
rare processes, testing further the Standard Model and
exploring potential new physics, a higher-luminosity
phase is required. The High-Luminosity LHC (HL-
LHC), expected to begin operation in 2030, will provide
an increase in luminosity, delivering proton-proton
collisions at 14TeV with integrated luminosities of
3000 fb~! for experiments such as CMS and ATLAS [1].
However, operating under these extreme conditions
poses major challenges, requiring detectors capable
of withstanding high radiation and particle rates. To
maintain performance under extreme pileup, rising
from the current O(50) up to O(200), CMS will
integrate a new timing detector capable of measuring
the arrival time of charged particles with a precision
of about 30ps at the start of HL-LHC operation,
degrading to around 60ps by the end of operation.
The MIP Timing Detector (MTD) [2] covers both
the barrel (BTL) and endcap (ETL) regions up to a
pseudorapidity of |n| = 3, using technologies optimized
for their respective environments.
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Comprehensive R&D and production protocols have
been established to ensure the target performance.
Mass production of the BTL is currently underway, with
installation expected by the end of 2026, while ETL pro-
duction and installation are planned for completion by
mid-2029. The two sub-systems employ different tech-
nologies to meet their requirements in radiation toler-
ance, cost, schedule, and mechanical constraints. In
particular, the ETL inner radius experiences approxi-
mately 30 times the fluence of the BTL, while the BTL
surface is about 2.5 times larger. Mechanically, the BTL
must operate maintenance-free within the tracker cold
volume, whereas the ETL is housed in an independently
cooled and periodically accessible volume. These differ-
ing constraints determined the technology choice: the
BTL uses LYSO:Ce crystal bars read out at both ends
by Silicon Photomultipliers (SiPMs), whereas the ETL
employs Low Gain Avalanche Diodes (LGADs). The
two technologies are shown in Figure 1.

Precise timing information will enhance vertex and
track reconstruction, as well as pileup rejection, by
exploiting the fact that collision vertices have a time
spread of O(200ps). Achieving a time resolution of
tens of picoseconds allows overlapping vertices in space
to be separated in time [3], enabling the transition
from 3D to 4D vertex reconstruction and therefore
reducing pileup contamination. This improvement
leads to better object reconstruction, including MET,
b-tagging, and lepton isolation efficiencies, ultimately
increasing the physics sensitivity of many analyses,
particularly those with multi-object final states such
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Figure 1. The sensor technologies selected for the barrel and endcap regions of the MTD are shown on the left and right,
respectively. The BTL sensor module, displayed on the left, consists of an array of 16 LYSO:Ce scintillating bars, each
read out at both ends by SiPMs with an active area matching the crystal bar end face. On the right, a wafer of LGADs is
shown, representing the sensor technology that will instrument the ETL.

as di-Higgs searches, where a gain equivalent to 2-3
additional years of data taking is expected. The MTD
will also provide new capabilities in CMS, including
time-of-flight measurements, which can improve par-
ticle identification and enhance sensitivity in various
BSM searches, such as those for long-lived particles [4].

II. THE BARREL TIMING LAYER

The BTL will instrument the CMS detector up to
In| = 1.48, covering a total surface of 38m? with a
thickness of about 4cm. It will be installed between
the tracker and the electromagnetic calorimeter and
will consist of LYSO:Ce crystal bars read out at
both ends by SiPMs, for a total of 331,776 readout
channels. Each sensor module (SM) comprises an
array of 16 LYSO:Ce bars coupled to SiPM arrays.
The sensor technologies have been chosen thanks to
several particularly favorable characteristics. LYSO:Ce
crystals offer high radiation tolerance, a large light
yield of about 40,000 ph/MeV, a fast scintillation rise
time (7 < 100ps), and a short decay time (7 ~ 40ns).
The bar-like geometry minimizes the required SiPM
area relative to the crystal volume, with typical bar
dimensions of 3.12 x 3.75 x 54.7mm?®. The SiPMs
are compact, radiation-tolerant, and insensitive to
magnetic fields, with an active area matching the
crystal bar end face.

The time information is extracted independently
from both ends of each crystal bar, providing two nearly
uncorrelated time measurements for a particle travers-
ing the bar. The overall time resolution of the BTL can

be expressed as:

BTL noise photo—statistics DCR
Ut ~ Ot @ Ut @ Ut 9 (1)

where o' represents the contribution from electronic

noise, gPhotoTstatistics 5 iges from fluctuations in pho-
ton arrival times at the SiPMs, and oPCF accounts
for degradation due to radiation induced dark count
rate (DCR), with the expected fluence reaching up to
1 MeV neutron equivalent fluence, neq/cm?, of 2 x
1014 Neq/ cm?. The expected performance at the begin-
ning and end of HL-LHC operation is shown in Figure 2,
with the main contributions represented by the colored
bands.

A major challenge during the R&D phase has been
the mitigation of radiation damage, which induces a
DCR level up to 20 GHz per SiPM over the detector
lifetime. Several complementary strategies have been
adopted to address this issue: reducing the SiPM
overvoltage during operation from 3.5V to about 1V,
implementing dedicated noise filtering in the TOFHIR
readout ASIC [5], and integrating Thermoelectric
Coolers (TECs) [6] on the backside of the SiPM arrays.
The TECs enable a tenfold reduction in the SiPM dark
count rate by maintaining an operating temperature
of —45°C, with periodic in situ annealing at 60°C to
recover SiPM performance. In parallel, the light output
and the signal slope of the crystal-SiPM system have
been optimized through extensive studies of module
thickness and SiPM cell size, leading to the choice of
3.75 mm-thick sensors and 25 um SiPM cells. These
parameters maximize the light output performance
while maintaining reduced dark noise.

The expected BTL performance across the full pseu-
dorapidity range and throughout the HL-LHC lifetime
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