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The LHCb detector (Run3)
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@ Single arm forward spectrometer 2 < n <5

@ excellent vertex resolution

@ tracking stations before and after 4Tm dipole magnet

@ particle identification with two ring-imaging Cherenkov detectors, calorimeters and
muon detectors

@ Full software trigger at 40 MHz — GPU-based HLT1 & CPU-based HLT2
@ £L=2x10Bcm 251
@ We aim to collect up to 50 fb~! by the end of Run4
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The Upgrade |l physics program @icesoness
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@ Accumulate data to a minimum of 300 fb—!, sensitivity generally limited to statistics

@ Ambitious physics program with many observables to be measured with a precision
unattainable at competing experiments

@ Operate at £L=2x10% cm—2s~!
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https://cds.cern.ch/record/2776420?ln=en

The Upgrade |l detector

@ Factor 7.5 increase in particle multiplicity and rate wrt to Upgrade |
@ 42 expected interactions per crossing.

Side View S

@ The current arrangement of subsystems will be maintained, but

@ The inner part of the SciFi will be made of silicon (Mighty tracker)

@ Installation of a new time of flight detector (TORCH)

@ No more hadron calorimeter.

@ Addition of timing information to cope with increased detector occupancy
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Tracking in LHCb

@ Trajectories reconstructed by matching track stubs up and down-stream of magnet
@ VELO, UT (1 station) and SciFl (3 stations)
@ Momentum resolution dominated by multiple scattering

@ Tracking efficiency and ghosts rate depend on detector occupancy

Upstream track
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The Upgrade | VELO eucesmrsi

2<n<5
0.27 > 60 > 0.013rad

@ Designed to work at p = 5.5 for the Upgrade |

@ 40 M of pixels:
@ 200 pm thickness, 55 um pitch
@ Reconstructs tracks and PVs in real time

@ Association of heavy flavour decays to correct primary vertex crucial for the physics
program (ex B2-BY oscillation)
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https://cds.cern.ch/record/1624070?ln=en
https://arxiv.org/pdf/2104.04421.pdf

4D tracking with the Upgrade |l VELO enicesmrs

@ The precision and the efficiency of the Upgrade | detector must be maintained at p = 42
@ Fluence expected to reach 6Xx 10% 1 MeV n(._‘c,/cm2 at 5.1 mm inner radius
@ Addition of timing to reduce pile-up — single hit time resolution of 50 ps required

@ The addition of timing allows to recover the Upgrade | performances
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Sensor technologies and ASIC for the Upgrade Il VELO

Roadout shctronc

‘ Niype buik b 1 ' .
72N ® TimePix4 ASIC
@ 65 nm technology

@ 58 ps TDC binning

@ Test beam with TimePix4 + planar
@ Rad-hard technologies up to 10%® sensors with pixel pitch of 55 x 55

1MeV neq/cm?: PR > JINST 17 07, P07006

@ Planar sensors

» JINST 16 07, P07035 1000
@ 3D sensors

» Nucl.Instrum.Meth.A 981 164491

@ LGAD sensors
» J.Phys.Conf.Ser 2374, 012175 Threshold
800e
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The Upgrade | SciFi and UT e
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Sm
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@ 3 stations of 4 detection planes J |
@ 4 detection planes
@ each plane made of 6 layers of 2.5m 1on p

fiber arrays
@ readout by multichannel SiPMs

@ two planes with vertical strips, two
rotated by +5°

@ Silicon strips with ~200 pum pitch

@ Spacial resolution < 100um and 100 mm length
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https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf

Mighty tracker for the Upgrade Il phase @mcssmgs

@ Significant fibre radiation damage in inner region

@ SciFi must be replaced near beam pipe to maintain the same (or better) tracking
performance

@ UT strip sensors not suitable for Upgrade Il, need to change to pixels
@ High-Voltage Monolithic Active Pixel Sensors (HV-MAPS) technology for SciFi and UT

@ Integrated readout electronics and
sensor in a CMOS process

» IEEE J.Solid State Circuits 56 8, 2488-2502

@ Requirements:
o Pixel size: 100x300 pum?
@ Time resolution: 3 ns
@ Sensor thickness: 150 pm

Occupancy [1 / fiber event]
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The Upgrade | RICH eucesorsm

@ Physics programme at LHCb relies on good PID
@ The 2 RICHes provide the PID of charged hadrons in final state: w, K e p
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@ 2 detector provide PID in the
momentum range 10-100 GeV/c

@ MaPMTs as photodetector with
pixel size of 3x3 mm?
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the RICH requires tracking
information for the reconstruction

To maintain current performances
the occupancy in the photo-detector
plane must be below 30%



https://cds.cern.ch/record/1624074?ln=en

The Upgrade || RICH eumcesmrs=

@ Need to add timing information to the Cherenkov photons

Sensor Optical link X3 wend |
2023 beam tests e \paBT/ VLt B‘g':'“"“‘
Sensor [ |\ |oc, Back-end
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Sensor o link DC.:
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@ Sensor coupled directly to an ASIC(

FastIC+picoTDC) without the use of
@ Need photodetectors with smaller FPGA

pixel size ~ 1mm?

@ Data are sent to PCle40++

@ Need time resolution better than 100 back-end via optical links

ps
@ R&D ongoing with
SiPMs/MaPMTs/LAPPD
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https://cds.cern.ch/record/2776420?ln=en
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Timing information in the
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https://www.repository.cam.ac.uk/items/1a4e9b3e-2576-49c6-a2b9-208b9c1990ca

TORCH ecmmsssimEmmg

@ Physics programme at LHCb relies on good PID
@ At low momentum (< 10 GeV/c) both kaons and protons are below the RICH threshold
@ Add large area detector before RICH2 to measure TOF (~ 10 m from interaction point)
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https://www.sciencedirect.com/science/article/pii/S0168900210020140

TORCH principle

. simulation

6. = 0.45rad

D data

Resolution [ps]

Arbitrary scale

@ MCP-PMT designed by Photek UK

yL.z n used as photodetector
Tem -
@ Exploits Cherenkov light in quartz @ Sensor is coupled to NINO and
bar HPTDC chips developed by ALICE
@ Need 15 ps/track — 70 ps single for TOF
photon time resolution @ Investigate the use of FastlC and
@ Requires knowledge of PV time for PicoTDC like the RICH

the reconstruction— provided by the @ Test beams show o is approaching
VELO 70 ps/photon

Matteo Bartolini (University of Cambridge)


https://iopscience.iop.org/article/10.1088/1748-0221/10/05/C05003/meta
https://arxiv.org/abs/2111.04627

The Upgrade | ECAL euicesmrsim
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@ ECAL is crucial for wide range of flavour-physics goals

@ Provides precise measurement for ei, ~v and PID
@ Must be able to sustain radiation dose up 6x10%° for 1IMeV neq/cm? during Upgrade |
@ WLS in the current shashlik are not rad-hard

@ Need to introduce fast timing resolution (few tens of ps) for pile up mitigation
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The SPACAL prototype for the Upgrade |l phase @icsmrs=
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@ Rad hard crystal fibers scintillate and transport light
@ coupled to optical fibers to create a cell size of 1.5 x 1.5 cm? readout by
PMTs/SiPMs

@ YAG and GAGG crystals studied
@ Asymmetrical separation to enhance shower seperation
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ECAL readout

@ waveform sampling at several giga-samples per second
@ The digital time and energy measurements will be processed by FPGAs

Detector Platform (ECAL crates)

Front-End ASIC Digital Back-End Optical Link
ECAL cell
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@ First test beam results reveal impressive timing capabilities and the required energy

resolution
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https://www.sciencedirect.com/science/article/pii/S0168900221001534

Conclusions

@ The upgrade Il will allow LHCb to acquire an unprecedented amount of statistics

@ The high luminosity condition leads to a challenging increase in track and photon
multiplicity in the detector.

@ In order to mitigate this effect, LHCb will transform into a 4D detector:

@ Improving the granularity and time resolution of the sensors.
@ Transitioning to robust, integrated, low-power technologies.
@ Introducing better modularity to address the non-uniform occupancies.

@ Lots of R&Ds are ongoing for detector designs and next-generation technologies.

@ The picosecond time information will add a new dimension to the experiment and increase
synergy between the sub-detectors to improve resolutions and to share technologies.
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