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Motivation

Sensors

With 35 ps time resolutoin 
vertex merging is reduced, 

from 15 % in space to 1 % in 
space-time, as in present LHC 

operation

Timing increases the CMS physics 
reach at HL-LHC by reducing the 

negative effects of the pile-up

Simulation of a VBF H →τ τ in 
200 pp pile-up collisions 

Harsh and challenging conditions at HL-LHC
→pushed to the limit of performances

Spread of ~180 ps in time collisions
→slices of 35 ps

Starting from Run 4 (2029)[1] CMS will 
be equiped with MIP Timing Detector[2]

The Endcap part will be equiped with 
Low-Gain Avalanche Diodes[3]

Low-Gain Avalanche Diode 
(LGAD)

Moderate gain factor 10-30
Efield is well controlled by Vbias

Active thicknes of ~50 μm,
timing resolution is of ~30 ps[4]

Efield

Time resolution as a function of applied bias for FBK sensors 
for different irradiation levels

Time resolution as a function of applied bias for HPK sensors
for different irradiation levels

Uniform timing resolution of HPK sensors

Ongoing tests to:
❖ define the production parameters
❖ enhance the radiation tolerance
❖ check the production quality
❖ control the uniformity over big areas

For ETL:
16x16 pad sensors,

1.3x1.3 mm2 pad area

Electronics Timeline

ETROC0: Submission Dec. 2018,
- single analog channel
ETROC1: Submission Aug. 2019,
- 4x4 pixel array with full front-end
- TDC brand new design
ETROC2: Submission 2022,
- 16x16 full size
- H-tree clock distribution
ETROC3: Submission 2024
- pre-production chip

Endcap Timing ReadOut Chip (ETROC)[5]

❖ Extract precision timing for small signals
❖ Low power budget
❖ Contribution to time resolution < 40 ps

WIth LGAD Hv=230 V for all three channels

ETROC0: σt ~ 30 ps

ETROC1: σt ~ 42-46 ps
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