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Average event @ HL-LHC

AExpectedPile-up: 200 events/25 ns ~4 times LHC

Alnstanteouspeak luminosity: 5-7.5x1684cm2s1: ~4 times LHC
ADose & fluence ~10 times LHC



High Luminosity requirements

A Radiation tolerance: full efficiency up to 3000 fly?
A Reduced material budget: calorimeters and overall event reconstruction performance enhancement

A Extended tracking acceptance: meets CMS physics program needs

A Increased granularity: efficient tracking with high PU level
A Contribution to L1 trigger: anticipate selection to mitigate inefficiencies from high pileup
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AEnd of Run 3: strip trackeoverloaded by
radiation damage (leakage current & full
depletion voltage limitations)

AOccupancy: would needhigher granularity to
cope with HL-LHC 4x higher rate

AReadout: impossible tocontribute to L1

trigger
1

Full tracker replacement!
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Ph2 CMS TrackdPerformance

Almprovement in resolution with the whole tracker
AHigh tracking efficiency @ 200 PU and low Fake Rate
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Ph2 CMS Trackdvlaterial budget

ALighter materials, CO2 cooling, optimized service routing

Current Tracker Upgrade Tracker
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Phase 2 Tracker
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Inner Tracker
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Inner Trackey Tracker Barrel Pixel (TBPX)
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Inner Trackey Tracker Forward Pixel (TFPX)

r [mm]

25/08/2025

00020406 0.8 1.0 1.2 1.4 1.6 18 2.0 2.2 24
, E
| ¢ f f 7 f £ z 5 %1507
250 — 100
— 501
200 — r
— of
150 — -50[
- | 1 1 1 -
— -100
100 — L
— ‘ ~150]-
E’U_ _,_,—o—'—'_'_ —I_I1\I\_\1\I\\_\I\\\I\IIIII\III\I
nﬂ - SUl 00 0 \
=\~

_‘_).G

32

|

17



Inner Trackey Tracker Endcap Pixel (TEPX)
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M eChanlcaI Su pport Details on mechanics:

Pi er r etaldoo WediGesday!

A Carbon fibre structures with embedded cooling pipes
A Flat disk geometry (replaces turbine design)
ACOo evapor at i v viab8mmistigesssteel pip@5(168 loops)

Service Cylinder

Double Dee

Optical Fibers
Cooling Tubes
Power Cables
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https://indico.phy.ornl.gov/event/677/contributions/2792/

IT sensors

A Planar: A 3D sensors
Acuv prmt perp v i active thickness A Better performances for radiation damage
A Bitten implant, no punch-through bias dot A Lower depletion voltage
A Hit efficiency>99% after 2x166n,,/cm? A Hit efficiency> 98% after 1.8 10 n,,/cm?
metal bump passivation
Column diameter oxide
Nsl.lm "--..___'_; byl bl '"""""""""'?““"*
p* column ive thickn
. p- high Qcm sensor wafer Y
Handle wafer v
thickness
~ 500 um Metal to be depnsltad after ﬁliﬂl’llﬂi Residual handle

Handle wafer to be thinned wafer thickness
50 - 100 um
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CMS Readout Chip (GROC

A ASICbasedon CMOS 65nmtechnology (CERN
RD53 project)A CMSflavor of RD53 ROC
C-ROC

A Radiation tolerant up to 1 Grad

A Low power consumption <1 W/cm2
A Trigger rate of 750 kHz

A Output bandwidth 1-4 x 1.28 Gbps

A Analog FE lineararchitecture (ToT linearwrt
charge)

A 4 bit digital readout with selectable6-to-4-bit
dual slope ToT mapping for charge compression
(elongated clusters, heavyionizing particleg
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432x336
size: 21.6 mm x 18.6 mm
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IT + BRIL test beams

A2024 joint test beam between
CMS Luminosity Group (BRIL)
and Inner TrackerA read out
CROC viwvith legacy DAQ
board
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Beam Test
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Accumulated long clusters (tracks) in the Spixel module with its plane
rotated by 5° with respect to the beamline. Thecolor indicates the

uncalibrated 4-bit time over threshold values that the counters output.

Ref:https://doi.org/10.1016/;.nima.2025.170663
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https://www.sciencedirect.com/topics/physics-and-astronomy/beamline
https://doi.org/10.1016/j.nima.2025.170663

IT + BRIL test beams

A2024 joint test beam between
CMS Luminosity Group (BRIL)
and Inner TrackerA read out
CROC viwvith legacy DAQ
board

AOngoing (now!) joint IT + BRIL
TBA first time DAQ with
final board !
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I'T Modules
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Readout Architecture

A Communication electronics on
dedicated Portcard (optoelectronic
service board)

A A portcard hosts 37 IpGBTsand
VTR links , powered via cascaded
DC-DC converters

A Up to 6 electrical uplinks at 1.28 Gb/s
( mo d u Ip@BT), with data
formatting for rate reduction

A1 electrical downlink at 160 Mb/s
IpGBT° modul e)
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