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LHCb: a forward spectrometer @ LHC 
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pp collisions

10 mrad

250/300 mrad

Detector before 2019

Main physics goal
Ø To study 𝑏 & 𝑐 sectors on CPV, 

rare decays, new physics...

𝛥𝑝/𝑝 = 0.5% @ < 20	GeV/𝑐, 1% @ < 200	GeV/𝑐 
IP resolution ~ 15	 + 	29/𝑝!	[GeV/𝑐]	𝜇𝑚 
Decay time resolution 45	fs (𝐵" → 𝐽/𝜓𝜙)
Kaon ID ~ 95% for 5% 𝜋 → 𝐾 mis-ID probability
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LHCb physics performance in Run 1 & 2
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A decade of important discoveries and precision measurements (9 fb-1 pp data by end of 2018)

×10!

9 fb-1 

More details in Yin’s talk by Thu. 



LHCb Upgrades
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Upgrade I Upgrade II
Upgrade I (U1), started in LS2 and installation completed in this March
ℒmax~2x1033 cm-2s-1

ℒint~50 fb-1

Upgrade II (U2), starts after LS4
ℒmax~1.5x1034 cm-2s-1

ℒint~300 fb-1

Some smaller detector 
consolidation and enhancements 
in LS3 (2026) ⇦ U1b

x5ℒRun1&2 x7
.5
ℒ R

un
3&
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Major upgrade of ATLAS/CMS
LHCb also plan enhancements (U1b)
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LHCb upgrades

qVelo & UT @ Upgrade I (U I) (2019 - 2023)

qVelo & UT @ Upgrade II (U II) (2032 - )



Upgrade I: a brand new detector
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No hardware trigger
Ø 1st GPU trigger in a HEP experiment

New tracking system 
Ø VErtexLOcator (VELO), Upstream Tracker (UT)

and Scintillating Fiber Tracker (SciFi)

Already saturated 
@ Run 1&2 

More details on Sigrid Scherl’s talk 

Particle ID: New optics + photon detectors
Calos: Reduce PMT gain + new electronics

Higher luminosity (5xℒRun1&2) results in
Ø Higher rate, pile up, occupancy, fluence

Leptonic
Hadronic



Velo @ LHCb U I
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New hybrid pixel detector
Ø c/b hadrons: flight ~mm before decay  

distinctive feature to select them
Ø Silicon pixels (55x55 μm) 

single hit resolution 12-15 μm

RF foil (185 μm thickness)
Ø Separate VELO from primary vacuum
Ø An vacuum incident on 2023 Jan 10

q RF foils deformed
q No damage on sensors
q Cant fully close (3 mm → 24.5 mm x2)
q Replace during YETS 2023

Ø Closer to beam (5 mm → 3 mm) ⇒ better 𝜎'( (2x better @ 𝑝!~0.5	GeV)

Reduced material interaction 
(x3 better)

Velo before 2019
Velo in U I

LHCB-TDR-013

LHCB-TDR-013



Upstream Tracker (UT)
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UT: Si Strip detector
Ø High coverage, segmentation, resolution
Ø Speed up tracks reconstruction & reduce PGhostTrk

Different sensors for different regions
Ø A type: p-in-n; 98x98 mm; strip pitch 190 μm
Ø B type: n-in-p; 98x98 mm; strip pitch 95 μm
Ø C/D type: n-in-p; 98x49 mm; strip pitch 95 μm
Ø Maximum occupancy ~ 1%

LHCb tracking system

B sensor

D sensor

A sensor
10x10 cm10x10 cm

10x5 cm

Strips 
direction

Installation ends by 2023 March
Commissioning ongoing

LHCB-TDR-015

LHCb-DP-2022-002



Ø 𝐷" and 𝐾#" candidates reconstructed 
directly @ 1st level trigger

Ø Trigger efficiency can be improved 
w.r.t. Run2

Physics performance @ LHCb U I
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LHCb upgrade I detectors functions well
Ø W/ full triggers/”sub-detectors” signals return in 2022

Charmed mesons

Beauty mesons 𝐽/𝜓 → 𝜇$𝜇% 𝐽/𝜓 in pAr collisions

Mass resolution compatible with MC expectations within 1 MeV
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LHCb upgrades

qVelo & UT @ Upgrade I (U I) (2019 - 2023)

qVelo & UT @ Upgrade II (U II) (2032 - )



High pile-up in Upgrade II
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In Upgrade II
ℒmax~1.5x1034 cm-2s-1

ℒint~300 fb-1

~ 40 visible interactions/Xing
Ø High pile-up induces PV spatial separation of the 

same order as VELO resolution 
→ PV unresolvable

Ø Ensure εtrigger at high pileup condition 
LHCb Acceptance

20 ps timing window

VELO: 4D detector with timing

σt(Track)=20 ps restores the performance to U1 level

No timing 50 ps per hit



Velo R&D
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Planar

3D pixel

Sensor R&D, candidates: 3D pixel,
Planar, LGAD, CMOS …
Ø timing ~50 ps
Ø Radiation hardness (max ~6x1016neq/cm2) 

Balance btw Φeq and σHit
Ø σIP = σextrap+ σscatter
Ø Two different layouts optimized

Scenario A

Scenario B

Extrapolation Term Scattering Term

η=3.5 η=3.5

q R&D on 28 nm technology: PicoPix, IGNITE
q Replaceable modules, thinner or no RF foil, robust 3D printed Ti cooling substrate...

?



Upgrade II UT (U2UT)
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Current UT optimized for ℒRun 3&4
Upgrade II luminosity 1.5x1034 cm-2s-1 (x7.5 ℒRun 3&4)
Ø The occupancy (max ~10%) will compromise the performance
Ø Radiation does (3x1015neq/cm2) too high for current sensor

U2UT:
Ø CMOS MAPS technique applied

Very promising and cost effective for large area pixel detectors.

Monolithic Active Pixel Sensor (MAPS)

Beam pipe
U2UT
4 layers



U2UT R&D status
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U2UT software
Ø Preliminary studies on

q Track efficiency for 𝐵0 → 𝐷1𝐾0, 𝐷1 → 𝐾"𝜋2𝜋0, 𝐾" → 𝜋2𝜋0 
Optimizing U2UT coverage

q Detector simulation mostly done and R.L. calculated

Track efficiency vs X coverage

R.L. as functions of Φ and 𝜂

LHCb China group lead HVCMOS-based development
Ø Extensive tests using ATLASPix: lab test with cosmic ray and 

radioactive sources, testeam at DESY & CSNS @ 2022
Ø Search for domestic foundry ongoing

Hitmap with Fe55 source

Also can see Shuqi + Zhiyu’s posters



Expected physics results @ LHCb Upgrade II
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Key observables in flavor physics Upgrade II will fully realize the flavor physics 
potential of the HL-LHC

Further pursue a broad physics programme
• Spectroscopy
• High precision EW and Higgs
• Dark sector
• Exotic search
• Heavy ions and fixed target

Success of the physics programme relies on
Ø HL-LHC providing LHCb ~ 50 fb-1/year during 

Run 5&6
Ø A detector with similar or better performance 

as the present one for Run 3
LHCC-2021-012 



Summary
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LHCb Velo & UT
Ø Upgrade I: installation completed
Ø Upgrade II: starts in LS4, R&D now
LHCb Upgrade II to fully exploit HL-LHC for flavor physics and beyond
Ø FTDR approved and now in R&D phase

Next: TDR @2026, construction, installation and eventually operation for physics 
Ø LHCb China groups contribute more significantly in UT & CALO, and you are welcome to join
More physical results can be expected from LHCb

Thank you for your attentions

Ø Expression of Interest, LHCC-2017-003
Ø Physics case, LHCC-2018-027
Ø Accelerator study, CERN-ACC-2018-038
Ø Framework TDR, CERN-LHCC-2021-012


