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CMS at LHC

For the first time since 2018,
CMS is taking high-energy
collision data again
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HCAL barrel i
* completion of Phase-1 ==

upgrades /
« SiPM-based 5Gbps RO —
= o e

Magnet & Yoke opening = 2
* cooled free-wheel thyristor, power/

cryo-cooling

* new opening system (telescopic jacks)
*new YE1 cable gantry (phase-

aitl |

Muon system
« installation of GE1/1
chambers
* upgrade of CSC FEE to
sustain HL-LHC trigger
at

rates
« shielding against neutron
background
i

o are
for Phase-2 assembly
and logistics

CMS Experiment at the LHC, CERN N
' Data recorded: 2022-Jul-05 14:48:56.743936 GMT
=

Run / Event / LS: 355100 / 51596902 / 53

During the Long Shutdown, many
detector systems were improved/
refurbished

Continuing LIP responsibilities in ECAL
and PPS



CMS for HL-LHC

DAQ & High-Level Trigger Barrel Calorimeters
https://cds.cern.ch/record/2759072 https://cds.cern.ch/record/2283

* Full optical readout * ECAL single crystal granularity read 40 MHz

* Heterogenous architecture with precise 30 ps timing for e/y at 30 GeV

* 60 TB/s event network « Spike rejection
__* 7.5 kHz HLT output * ECAL and HCAL new Back-End boards

eyl Level-1 Trigger
k=17 | httos://cds.cern.ch/record/2714892
* Tracks in L1 Trigger at 40 MHz
* Particle Flow selection
* 750 kHz L1 output
¢ 40 MHz data scouting

Looking beyond Run 3:

Muon systems S —
https://cds.cern.ch/record/2283189
* DT & CSC new FE/BE readout =
* RPC BE electronics
¢ New GEM/RPC1.6<n<24
* Extended coverageton =3

CMS has a large upgrade  “cus  tin-Granuiarity calorimeter —
g == Endcap
ttps://cds.cern.ch/record/2293646

program in progress, with ~ *51 mssllssenasm:
significant LIP .
involvement in multiple
systems
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Tracker https://cds.cern.ch/record/2272264
 Si-Strip and Pixels increased granularity
* Extended coverageton =4
* Design for tracking in L1 Trigger

MIP Timing Detector
https://cds.cern.ch/recor
Precision timing with:

* Full coverage ton =3 ——X
Beam Radiation Instrumentation and Luminosity * 30-50 ps time resolution fﬂr(

http://cds.cern.ch/record/2759074 * Barrel layer: Crystals + SiPMs k
+ Beam abort & timing * Endcap layer: Low Gain Avalancife Diodes

* Beam-induced background
* Bunch-by-bunch luminosity: 1% offline, 2% online
* Neutron and mixed-field radiation monitors

Most detectors will be significantly improved, and completely new
detectors will be installed, to maintain physics performance in the
harsher pileup/radiation conditions 3




MIP Timing
Detector
(MTD)

CMS

~40 m?

~ 332

~ 210" nM/cmZ
LYSO crystals + SIPMs

o  Thin layer between tracker and calorimeters
o  MIP sensitivity with time resolution of 30-50 ps

o Hermetic coverage for |n|< 3.0

ENDCAPS

Surface ~15m?

Number of channels  ~ 8000k
Radiation level ~210"n_Jem?

Sensors: Low gain avalanche diodes




‘ MTD
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Provides improvements in long-
lived/stable particle searches, di-
Higgs, b-tagging, PID for heavy
ions/flavor physics...

Ambitious project to provide precise timing
over a large range of rapidity

~30ps resolution at beginning of life, ~50ps over
lifetime of HL-LHC

Increase of physics sensitivity by exploiting “4-D”
vertexing in space+time
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MTD technologies

Barrel (BTL): Inl < 1.5
LYSO crystals and SiPMs

LIP responsibility for electronics,
including Front-End boards, and new g gt -
TOFHIR ASIC developed at TagusLIP Barrel Front-End board

Total of 340k channels, with 14k TOFHIRs and 5300 FE boards to be
designed, produced, and tested!

Disks

HGC

Endcap (ETL): 1.6 <Inl <3

Silicon Low-Gain Avalanche detectors (LGAD)



TOFHIR

Measurements with sensor modules confirm

Resolution with MIP pulses,

......................................

TDC resolution L . . .
o beginning of life excellent expected time resolution
of o T ~delay=T50ps
: Mean 1879 [ -+ delay =720 ps
0w 0891 5 ~o delay = 660 ps
p ~+ delay =580 ps . . . .
7 ~30ps beginning of life, ~55ps end of life
‘°§ = e . Input current
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H H = ) [\ Cancellation
New dark count rate cancellation method implemented N it
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PMS oo ] I Output current



‘ TOFHIR status and timeline

Several iterations of TOFHIR passed through extensive
tests (system/electronics integration, testbeams,
irradiation with ions...)

TOFHIR1: First adaptation of TOFPET chip for
initial system tests in 2019

TOFHIR2: Full 32-channel chip and functionality,
tested in 2020

TOFHIR2X: Improved DCR cancellation, tested
in 2021

TOFHIR2B: Improved single event upset
protection, under test now 8



Electromagnetic
Calorimeter
(ECAL)




ECAL

Many years of LIP responsibility for ECAL
electronics

Now continuing for LHC Run 3

For HL-LHC: full replacement of electronics, to
meet pileup/rate requirements

Collaboration with Portuguese industry to develop new
low-power ADC IP block

12-bit resolution, with 160MS/s sampling rate

First production integrated and evaluated in LITE-
DTU chip in 2021, with good results
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Precision
Proton
Spectrometer
(PPS)

Sector 56 - May 2022



PPS in Run 3 and beyond

Forward proton tracking and timing detectors, in Roman Pots ~200m from the
CMS interaction point

PPS is now taking data in Run 3, with improved detectors compared to Run 2
Vertical movement system, to mitigate radiation damage on pixel/tracking detectors

Improved “Double diamond” timing detectors, with time resolution goal of <= 50ps

After Run 3: pursuing upgrade o v

TAXS 204 VOUB WG 2400

proposal to reinstall PPS-like vl

system for HL-LHC (Expression =~ ===

of Interest in arXiv:2103.02752)




PPS@HL-LHC

New activity started at LIP-Lisbon/TagusLIP:

R&D on LGAD silicon-timing detectors for
PPS@HL-LHC

Adapted from MTD-ETL design

E

Collaboration started with CMS-ETL

institutes on market survey

Sy
; ‘

Variety of different sensors from several -

E

vendors evaluated for |-V curves, inter-
pad spacing, time resolution
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‘ PPS@HL-LHC

Unique issue for PPS: highly
non-uniform irradiation profile

Huge flux mainly concentrated
on first columns nearest the
LHC beam

Simulation studies to optimize
LGAD segmentation in terms of
radiation dose, occupancy, HV,
complication of bonding to
readout chips, etc.

y [mm]

Station 220 Station 234
407‘”HHHH“H“H‘H T S 1015( ’g‘m,” T L L L B TTTTT
F 10 =
> |
30 10® 30 A
E 1012 C
20+ 1o 20 A
E 1010 I
10[ e 10 “
0 a
107
10° -10 A
10°
10* -20
r 10° r .
30— 10° —30:— 3
g 10 F
40 e L ] ) “400 e b b b e b b 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
X [mm] X [mm]

Results will be used to guide 1st prototype
production of a PPS-like LGAD sensor
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Summary

After nearly 4 years, the LHC and CMS are running again

LIP-CMS group continues it’s long-standing involvement
in ECAL and PPS electronics/operations in Run 3

The CMS HL-LHC upgrade program is in full swing

LIP has a major role in timing detectors and/or
electronics in several systems

On track to provide new TOFHIR ASIC and
Front-End cards for MTD, and ADC blocks for
ECAL, with excellent performance

New R&D program on silicon LGAD sensors and
electronics for PPS timing underway

15






MTD: Particle reconstruction

CERN-CMS-TDR-020

* Improve particle reconstruction/ID
Increase b-tagging efficiency
Increase photon and lepton Id, efficiency and isolation
Improve missing transverse momentum resolution
Reduce fake jet reconstruction

* 10%-20% gain in S/B in many Higgs decay channels

HH production sensitivity (sigmas) at 3 ab" -~ 1.2CMS Phase-2 Simuaion . ,CMS Phase-2 _POPD (55 TeV)
Q Simulation
Channel No MTD 3§°';>s ;,"",’s § 14w Torthso<oos] e | Hydjet
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M. Gallinaro - "The CMS group" - LIP Jornadas - July 2022 25
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