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LHCb detector
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Int. J. Mod. Phys. A3 
(2015) 1530022

Acceptance: 2 < η < 5
 Momentum resolution: 0.4 – 0.6% at 5 – 100 GeV
 Muon ID efficiency: 97 % with 1-3 % π→μ mis-ID probability
 Electron ID efficiency: 90% with 4% h→e mis-ID probability 
 Kaon ID efficiency: 95% with 5 % π→K mis-ID probability 



  

LHCb data taking
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Int. J. Mod. Phys. A 3 
(2015) 153022

Run I
7 & 8 TeV

Run II
13 TeV



  

10 fb-1 delivered!
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Out of range



  

Test Lepton Flavour Universality
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CKM angle g
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LHCb CONF 2018-002



  

Study of exotic XYZ states
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See dedicated talk by Slava Matiunin on Tuesday



  

Study of open charm hadrons
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See dedicated talk by Alexey Dzyuba on Friday



  

Upgrade scenario

HL-LHC
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Upgrade I
We are here

Upgrade II



  

Upgrade status
Upgrade I: 2019/2020
→ Technical Design Reports
→ construction underway

Upgrade II: 2030
→ EoI, Physics Case
→ feasibility studies underway

[CERN-LHCC 2014-001] [CERN-LHCC 2014-016]
[CERN-LHCC 2013-021] [CERN-LHCC 2013-022]

[CERN-LHCC-2018-027] [CERN-LHCC-2017-003]
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LHCb upgrade I
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LHCb upgrade

13



  

Trigger Upgrade

Modify trigger to fully exploit higher collision rate

→ read out full detector at 40 MHz

→ operate software trigger at 40 MHz input rate 14

10 GB/s

0.6 GB/s



  

Trigger Upgrade
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VELO
Current VELO:
21 layers of silicon micro-strips
→ 170 k readout channels
Inside LHC vacuum chamber
→ active area at 8.2 mm from beam
→ separated from beam only by a
300 μm thin aluminium foil

VELO Upgrade:
26 layers of silicon pixel detectors
→ 41 million readout channels
Even closer to beam
→ active area 8.2 → 5.1 mm
Even less material
→ thinner sensors (300 → 200 μm)
→ thinner aluminum foil (300 → 250 μm)



  

VELO performance

17

Current VELO in 
upgrade conditions

Upgraded VELO in 
upgrade conditions



  

Upstream tracking
Current: TT

4 layers of silicon micro-strips

→ 183 μm pitch

→ 40, 30, 20, 10 cm in length

→ 143 k readout channels

Upgrade: UT
4 layers of silicon micro-strips,
but finer granularity
→ 190 and 95 μm pitch
→ 10 and 5 cm in length
→ 537 k readout channels
and better radiation hardness
New readout chip, compatible
with 40 MHz readout scheme 18



  

Upstream tracking performance
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Downstream tracking
Current: IT & OT

3 stations with 4 layers each

→ silicon micro-strips in innermost 
region

→ straw drift tubes in outer region

→ 130 k + 54 k readout channels

Upgrade: SciFi
3 stations of scintillating fibres
→ 2.5 m long, 250 μm diameter
→ read out with silicon 
photomultipliers
→ 590 k readout channels



  

Downstream tracking performance



  

Physics performance
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End of Run 3
arXiv 1808.08865



  

Example: g
Unitarity Triangle: from unitarity 
condition of CKM matrix
→ all angles and sides related to 
observables
→ over-constrained fits test 
Standard Model

→ theory uncertainty negligible

→ measurement uncertainty

still significant and limited

by available statistics 23

Current 
status

2025:
23 fb-1

300 fb-1

arXiv 1808.08865



  

Spectroscopy
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LHCb upgrade II
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Major detector upgrade in LS4 (2030)

• Expression of Interest [CERN-LHCC-2017-003]

• Aim to run at 10 x Upgrade I luminosity and collect 300 fb-1

• Challenging conditions for flavour physics (number of visible interactions ~50)

• Physics case document: CERN-LHCC-2018-027

• LHCb may be the only large-scale flavour physics experiment to run in HL-LHC era



  

LHCb upgrade II
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Downstream tracking
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Time Of internally Reflected Cherenkov light
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Conclusion

 LHCb has finished Run 2 data taking. 10 fb-1 has been collected.

 LHCb tests Standard Model by performing precision measurements 
of observables with good sensitivity to BSM physics.

 Upgrade I is ongoing: factor 5 in luminosity, full software trigger, 
detectors with finer granularity, electronics with 40 MHz readout.

 Upgrade II in LS5 (around 2030): another factor 10 in luminosity, 
detectors with 4D resolution (space and timing), radiation hardness.

 Looking forward to new exciting results!
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Backup



  

LHCb upgrade
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