
The LHCb Upgrade I

Violaine Bellée  
on behalf of the LHCb collaboration 

LHCP Conference 2019 ~ MEXICO, Puebla ~ 23/05/2019



�2

RICH AND DIVERSE 
PHYSICS PROGRAM

CP violation in beauty 
and charm 

[Melissa Cruz Torres, Martha Hilton]

Semileptonic 
decays 

[Antonio Romero Vidal]

Rare decays 
[Violaine Bellée]

Heavy flavour 
production and 
spectroscopy 

[Paolo Gandini]Dark photon 
searches 

[Adrian Casais Vidal]

Proton-pion, 
fixed target collisions and 

UPC physics 
[Jana Crkovska]

Some examples from LHCb talks in the parallel sessions

… and more 
[Plenary: Giovanni Passaleva]

LHCb: A VERY AMBITIOUS PHYSICS PROGRAM

https://indico.cern.ch/event/687651/contributions/3429058/
https://indico.cern.ch/event/687651/contributions/3429057/
https://indico.cern.ch/event/687651/contributions/3429051/
https://indico.cern.ch/event/687651/contributions/3429051/
https://indico.cern.ch/event/687651/contributions/3429053/
https://indico.cern.ch/event/687651/contributions/3429071/
https://indico.cern.ch/event/687651/contributions/3429071/
https://indico.cern.ch/event/687651/contributions/3429071/
https://indico.cern.ch/event/687651/contributions/3426897/
https://indico.cern.ch/event/687651/contributions/3426897/
https://indico.cern.ch/event/687651/contributions/3428121/
https://indico.cern.ch/event/687651/contributions/3428121/
https://indico.cern.ch/event/687651/contributions/3428121/
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Single-arm forward spectrometer 
with tracking, calorimetry and 
particle identification

THE LHCb DETECTOR
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Tracking system: 
- Vertex Locator: Reconstruction and separation of primary and secondary vertices  
- Tracking stations upstream and downstream of the magnet

THE LHCb DETECTOR
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Calorimetry 
Provides L0 (hardware-based) trigger information, energy measurements for electron 
and neutral objects, and PID information

THE LHCb DETECTOR
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Particle identification system 
- Ring Imaging Cherenkov detectors for hadron identification (pion, kaon, proton, 
deuteron) 
- Muon spectrometer

THE LHCb DETECTOR



THE TRIGGER IN RUN 2 �7→ Trigger in three stages already 
improved significantly throughout 
Run 1 and Run 2 

→ Data buffered to disk for online 
calibration and alignment 

→ Development of “TURBO” 
scheme: 
- Saves only part of the event to 
reduce event size on disk 
- Already used in physics analyses 
(Phys. Rev. D 97, 031101, Phys. Rev. Lett. 118, 
192001, Phys. Rev. Lett. 120, 061801)



L = 4 × 1032 cm-2 
s-1 
~1.1 interaction 
per bunch crossing  
~9 fb-1 (Run 1 + 2)

MAKING THE BEST OF RUN 3 + 4 �8

Now

~ 9fb-1 collected by LHCb in Run 1 and Run 2 

Detector designed to run at a luminosity of  
2 × 1032 cm-2 s-1, finally operated at  
4 × 1032 cm-2 s-1, performed extremely well 

Some key measurements  
still statistically limited



L = 4 × 1032 cm-2 
s-1 
~1.1 interaction 
per bunch crossing  
~9 fb-1 (Run 1 + 2)

MAKING THE BEST OF RUN 3 + 4 �9

Upgrade 
phase 1

L = 2 × 1033 cm-2 s-1 
~5 interaction per bunch crossing  
~50 fb-1 (Run 3 + 4)

Recent developments both in 
software and hardware have allowed 
to set a new goal for LHCb: 
Increasing the instantaneous 
luminosity to 2 × 1033 cm-2 s-1 

50fb-1 expected in Run 3 and Run 4!



MAIN LIMITATION IN RUN 2 �10

→ L0 hardware trigger limits 
the rate to 1 MHz 

→ Need to remove this stage 

→ Implies data processing at 
~ bunch crossing rate



L = 4 × 1032 cm-2 
s-1 
~1.1 interaction 
per bunch crossing  
~9 fb-1 (Run 1 + 2)

THE MAIN CHALLENGES �11

- Higher occupancy (5 times more interactions per bunch crossing in Run 2) 

- Higher fluence (so higher radiation damage) 

- 30MHz event reconstruction

Upgrade 
phase 1

L = 2 × 1033 cm-2 s-1 
~5 interaction per bunch crossing  
~50 fb-1 (Run 3 + 4)



THE UPGRADE DETECTOR �12

LHCb-TDR-12Software-only trigger

New pixel 
VELO

New tracking 
stations

UT

SciFi 
Tracker

New RICH PMTs + 
upgraded electronics

Upgraded calo front-
end electronics, 
remove SPD/PS

Upgraded 
muon 

front-end 
electronics, 
remove M1

http://LHCb-TDR-12


A NEW DETECTOR AT THE LHC �13LHCb-TDR-12

Detector channels Readout electronics Data acquisition

To be upgraded

To be kept

Upgraded LHCb detector

Less than 10% of the detector will be kept 

100% of the readout electronics will be replaced 

NEW data acquisition system and data center

http://LHCb-TDR-12


UPGRADE FULL SOFTWARE TRIGGER �14

Remove L0 hardware trigger 

Processing rate: 30MHz 

Online calibration and alignment as in 
Run2 

Real-time reconstruction and physics 
analysis 
→ Very challenging! see 
Rangel Murilo’s talk 

TURBO used more extensively

30 MHz inelastic event rate 
(full rate event building)

Software High Level Trigger

2-5 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Upgrade Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment



VELO �15

- Silicon pixel detector, 55 × 55 𝜇m2 

- In secondary vacuum, retractable 

- Closest pixels 5.1mm from the beam line

Challenges: 
- Achieve high vertex and track reconstruction efficiency  
- 5 times more interactions per bunch crossing  
- increased (and non-uniform) radiation

CERN-LHCC-2013-021 

Current VELO

Upgraded VELO

https://cds.cern.ch/record/1624070/?ln=fr


VELO �16

Aluminium foil to protect VELO without 
interfering with the beam  
- Option 1 with 250 𝜇m thickness  
- Option 2 with 150 𝜇m with chemical etching

Cooling at < -20°C 
(evaporative CO2 
through silicon 
microchannel 
substrate)

Pixel VELO ASIC front-end readout chip 
- 3 chips bump-bonded to each sensor 

Velo RF foil

Modules successfully 
testedCERN-LHCC-2013-021 

https://cds.cern.ch/record/1624070/?ln=fr


TRACKING SYSTEM: UPSTREAM TRACKER �17

4 stations with layers of silicon microstrip 
detectors, the 2 inner layers tilted by 
+5° and -5° 
 
- Finer granularity, innermost sensors 
closer to beam pipe  
- 4 sensor design, one with circular 
shape around the beam pipe  
- Mounted onto light-weight staves 
- New read-out (SALT ASIC)

LHCb-TDR-15

https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf


TRACKING SYSTEM: UPSTREAM TRACKER �18

Stave construction



TRACKING SYSTEM: SCINTILLATING FIBRE TRACKER �19

11 000 km of ø 250 𝜇m 
scintillating fibres read by 
silicon photo-multipliers 
(SiPM) 

3 stations of 4 layers made of 
fibre mats (the 2 inner layers 
tilted by +5° and -5°) 

SiPM cooled down to -40°C 
to reduce dark count rate due 
to radiation damage  
 

LHCb-TDR-15

https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf


TRACKING SYSTEM: SCINTILLATING FIBRE TRACKER �20

- Bumps (>350 𝜇m) removed with a 
‘hot drawing’ tool 

LHCb-TDR-15

Fibre mats assembled 
with custom winding 

machines

Modules assembled  
with SiPMs and mirrors 
glued to the fibre mats

- Fibres from manufacturer scanned at CERN for mechanical defects

https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf


PID DETECTOR SYSTEM: RICH �21

- Modified optics and mechanics to 
reduce RICH1 occupancy 

- 2 types of multi-anode 
photomultiplier tubes (MaPMTs) with 
finer granularity  

- New Front-End electronics at 40 MHz 

RICH module equipped with MaPMTs

Full photon detector module 
tested in test beam



PID DETECTOR SYSTEM: CALORIMETERS AND MUON SYSTEM �22

- Electronic and hadronic calorimeters remain the same 

- PMT gain reduced by a factor of 5 to reduce degradation (to 
compensate, the front-end gain is increased by same factor)

New read-out electronics and stations 
with higher granularity in the inner part

- New read-out electronics

Calorimeter

Muon system

Robotised test of  
calorimeter 
front-end 
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LHCb can operate in 
- collider mode 
- fixed target mode 
- both in parallel 

Fixed target obtained by 
injecting gas inside the beam 
pipe at VELO position (SMOG)

Ongoing: 
Upgrade of the gas injection system with a gas storage cell  
- Higher gas density 
- Inject more gas types 
- Better knowledge of gas pressure and volume: Higher precision in 
luminosity measurements 

Physics case developed in CERN-PBC-Notes-2018-007 

Storage cell upstream the VELO

THE LHCb FIXED TARGET PROGRAMME

https://cds.cern.ch/record/2651269/files/SMOG2%20Technical%20Proposal.pdf


EXPECTED PERFORMANCE �24

Comparing LHCb Upgrade  
and LHCb in the Upgrade  
conditions

Current
Upgrade

Upgrade
Current

[CERN-LHCC-2014-001]

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

[CERN-LHCC-2013-022]

[CERN-LHCC-2013-022]

Impact parameter resolution

Hadron identification

Muon identificationFake rate

Tracking efficiency

Objective: Maintain current performance in a much more challenging 
environment

https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf
https://cds.cern.ch/record/1624070/files/LHCB-TDR-013.pdf
https://cds.cern.ch/record/1624070/files/LHCB-TDR-013.pdf
https://cds.cern.ch/record/1624070/files/LHCB-TDR-013.pdf
https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf
https://cds.cern.ch/record/1624070/files/LHCB-TDR-013.pdf
https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf
https://cds.cern.ch/record/1624074/files/LHCB-TDR-014.pdf
https://cds.cern.ch/record/1647400/files/LHCB-TDR-015.pdf
https://cds.cern.ch/record/1624074/files/LHCB-TDR-014.pdf


CONCLUSIONS AND OUTLOOK �25

Major upgrade of the LHCb experiment ongoing to get to  
collect 50fb-1 of data in Run 3-4 

Many challenges for detectors, read-out electronics and trigger

It’s a very busy period for LHCb. 
Follow the works here! 

Looking into the far future: 
- Physics case for an upgrade II  
(see talk on Future LHCb upgrades)  
- Lots of opportunities!

http://lhcb-media.web.cern.ch/lhcb-media/
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Backup 



PHYSICS PROSPECTS �27

Table from framework TDR, current estimates are better  



COMMISSIONING ACTIVITIES �28

Local commissioning activities have started more intensively  

• 3 upgrade commissioning meetings  
• 2 sub-detectors workshops: UT and VELO  
• Experiment Control System, online, monitoring workshops  
• SciFi and RICH commissioning setup  
• Online ”vertical slice” fully in operations  

Short-term goal: readout part of a detector with new 
electronics  

• Working firmware/software with production releases  

• New cards and central timing distribution system


