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The Problem: The Solution:

Different Conditions, Different Technologies

Enhanced Performance, New Capabilities

The unprecedented HL-LHC 
luminosity will allow  precision 
measurements and the study 
of rare processes, but it comes 
at a price: each bunch crossing 
will contain 140–200 collisions 
that must be disentangled.

The collisions in each bunch 
crossing will be spread out over 
~180.ps. By measuring each 
particle’s time of arrival with 
30–60.ps precision, the CMS MIP 
Timing Detector (MTD) enables 
4D vertexing that will maintain 
current CMS performance in the 
challenging HL-LHC environment.

Endcap Timing Layer
The Endcap Timing Layer (ETL) detects 
charged particles with Low-Gain Avalanche 
Diodes (LGADs), which are silicon sensors with 
10–30x internal gain that provide low-jitter, 
quickly rising pulse edges for precise time 
measurements.

Each ETL endcap is composed of two disks of 
LGAD sensors. A single-particle time resolution 
of <.35.ps is achieved by combining <.50.ps 
resolution measurements from each disk.

The Barrel Timing Layer (BTL) uses bars of 
scintillating LYSO crystal coupled to silicon 
photomultipliers (SiPMs) to measure particle 
arrival time with a precision of 30-40.ps at the 
start of operation.

Thermoelectric coolers (TECs) will enable -45.°
C operation to minimize SiPM dark current 
and +40.°C annealing to reduce the effects of 
radiation damage.

Prototype SiPM and LYSO crystal arrays meet BTL technical 
specifications. Procedures and tools for detector module assembly have 
been designed and tested at multiple BTL assembly centers.

BTL Prototyping and System TestsETL Prototyping and System Tests

Different radiation environments, detector 
areas, and upgrade schedules motivate 

different detector technologies in the CMS 
barrel and endcap regions.

Barrel Timing Layer

HL-LHC collisions overlap in space slice the HL-LHC  beamspot in time

Large scale sensor prototypes have 
been produced by two suppliers. 
Laboratory measurements show both 
productions are capable of ≤.40.ps time 
resolution, even when irradiated to 1.5x 
the HL-LHC dose.

Beam tests at Fermilab with 120.GeV protons show that large multi-pad 
arrays of LGAD sensors are highly uniform, efficient, and able to achieve 
40.ps time resolution.

Beam tests at Fermilab demonstrate uniform ≤.30.ps 
time resolution of LYSO crystals coupled to SiPMs. In 
CERN beam tests, sensor modules with irradiated 
and non-irradiated SiPMs are read out with prototype 
front-end boards for realistic BTL performance tests.

Ongoing laboratory tests combine 
prototype detector modules, 
front-end boards, concentrator cards, 
and power converter cards to 
validate the full acquisition chain and 
assess the impact of system noise.

`

MTD will dramatically 
reduce pileup effects 
by halving the number 
of tracks that are 
incorrectly associated 
to the primary vertex.
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Pileup Rejection New Discovery PotentialPhysics Reach

Reduced pileup results in increased b-tag 
efficiency, improved lepton and photon 
identification, isolation, and reconstruction, 
better missing transverse momentum 
resolution, and fewer pileup jets.

Improved efficiency and reconstruction will 
increase sensitivity to many final states. For 
example, the improvement in di-Higgs 
production significance provided by MTD is 
equivalent to a 26% increase in the overall 
HL-LHC integrated luminosity .

Precision time measurements provide a new 
handle to identify new long-lived particles 
while dramatically reducing Standard Model 
backgrounds; 4D reconstruction of displaced 
vertices enables mass reconstruction of 
neutral long-lived particles.

Low-momentum protons, 
kaons, charged pions can 
be identified with velocity 
measurements over a wide 
range of angles, providing 
new reach for heavy-ion 
physics.

Sensor Prototypes

Sensor Performance in Beam Tests

Front-end boards

LYSO, SiPMs, and Module Assembly

Sensor, Module, and Front-End Beam Tests

Glued sensor 
module

LYSO array and 
SiPMs in gluing jig

Pre-series LYSO 
crystal arrays

Pre-series SiPM arrays

Full-Chain System Tests

Prototype front-end electronics with 4x4 
pixel grids and low-power TDCs can achieve 
42–46.ps single-hit time resolution in beam 
tests when bump-bonded to LGAD sensors. 

1 Concentrator Card + 4 FE Boards 
+ 2 Power Converter Cards
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