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THE TRACKING SYSTEM AT LHCB

o LHCb is a single arm forward

 Spectrometer dedicated to

 study CP violation and rare

decays of hadrons with b and c

 quarks

o Good momentum resolution of

 mandatory for

  - mass resolution

  - life-time measurements

o High granularity needed for

 Efficient reconstruction of high 

 multiplicity events

Inner Tracker

(silicon strip detector)

Outer Tracker

(straw tubes)
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LAYOUT OF THE OUTER TRACKER

o Modular design

o Arranged in 3 stations of 5m x 6m

o Each station comprises 4 double 

layers (X/U/V/X) of straw tubes

o In total:

 168 long (5m) +

 96 short (2.5m) modules

 53,760 single straw tubes

o Operated during Run I & II
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MODULE DESIGN

o Each module is  a gas-tight stnd-alone detector of 4.85m (2.42m) x 0.34m

o 128 straws are arranged in two staggered layers

o Straws are glued to sandwich panels (CF + Rohacell) with

 400µm thick CF side walls
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STRAW TUBE DESIGN

o Straw tubes are 2.4m long with 4.9mm 

inner diameter

o Anode: 25µm thick gold plated tungsten

o Cathode:

 - inner foil made 40µm of carbon

 doped Kapton-XC

 -  outer foil: 25µm Kapton-XC + 

 12.5µm Al

o Counting gas: Ar/CO2/O2 (70/28.5/1.5)

o HV: +1550V

o Gas gain: 5.5 x 10⁴
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FRONT-END ELECTRONICS
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FRONT-END ELECTRONICS
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ASDBLR:

- Amplifier Shaper Discriminator 

with BaseLineRestauration

- developed for ATLAS TRT

- 16 x 8 chips per module



FRONT-END ELECTRONICS
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OTIS:

- Developed for LHCb OT

- TDC (400ps DLL) & digital 

pipeline for trigger latency

- 4 OTIS x 32 channels per module



FRONT-END ELECTRONICS
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GOL (Gigabit Optical Link):

- Developed for LHCb OT

- Serializes OTIS data and outputs

them to an optical link

- 1 GOL x 32 channels per module



OCCUPANCY IN PROTON AND LEAD COLLISIONS

o Average occupancy for pp-

collisions in Run II (2015&2016) 

is 12.7%.

o Only 30 noise hits per event 

compared to ~6800 hits from 

particles

o Maximum particle flux:

 168 kHz/cm²

o OT has been operated during 

Pb-Pb runs, but analysis limited 

to event centrality of 60%

11



LONG TERM STABILITY
Dedicated data recorded during 

LHC  operation are used for long term 

performance studies:

o  Relative gain is computed from

 change of half efficiency points

  of threshold scans.

o Results are consistent with 

no gain loss.
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LONG TERM STABILITY
Dedicated data recorded during 

LHC  operation are used for long term 

performance studies:

o  Relative gain is computed from

 change of half efficiency points

  of threshold scans.

o Results are consistent with 

no gain loss.

For the full story:

See talk by N.Tuning this afternoon:
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HIT EFFICIENCY
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HIT EFFICIENCY
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o hit efficiency in 

plateau:  > 99%

o double layer design 

ensures efficiencies 

close to 100%



RECONSTRUCTION OF HIT POSITION

o Drift radius r obtained by a 

measurement of the drift time t

o tr-relation is measured using 

high quality tracks:

o with
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TIME ALIGNMENT

Measured time tTDC  is 

affected by several 

contributions:

o LHC phase:

o FE-clock delays:

o Track-by-track 

contributions:
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Calibration of t0 in Run I and Run II

Run I:

o t0 calibration after every LHCb Technical Stop

o t0 offset for each module determined from drift time 

residual distribution

o Largest effect from global t0 shift, affecting all FE 

modules.

Run II:

o t0 calibration split in online and offline algorithm:

o Online: global shift is obtained by gaussian fit to 

drift time residual.

o Offline: module-by-module determination of 

individual t0.
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GLOBAL REAL TIME T0 CALIBRATION (RUN 2)
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DIFFERENCE BETWEEN CONSECUTIVE T0 
CALIBRATIONS (RUN 2)

o Global shift of t0 is measured every 15minutes.

o Shifts of 0.1ns (0.5ns) are allowed in Run 2 (Run 1).

o Success of Real Time Alignment calibration strategy
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DRIFT TIME RESIDUALS & SPATIAL 
RESOLUTION

o Improved calibration reflects in 

drift time residuals & spatial 

resolution

o Additional offline corrections for

- single FE module calibration

- monolayer alignment

o Average drift time resolution: 

 2.40 ns

o Spatial resolution:  171 µm

 (design value: < 200µm) 21



PARTICLE ID USING TIMING FROM OT
o Define track time as sum of drift residuals, 

weighted by errors.

o Expected uncertainty for track time error 

can be estimated:

o With ~20hits per track:

 Average track time error of 0.57ns
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USAGE OF TIME INFORMATION FROM OT
FOR HELIUM IDENTIFICATION

o For Helium (Z=2) four times larger signal

o Results in negative t0 momenta >~10GeV compared

   to Z=1 reference tracks

o Used for Helium identification



CONCLUSION

o The LHCb Outer Tracker has been operated very

successful during LHC Run I & II to record data in

- pp collisions at luminosities twice higher than

anticipated

- high multiplicity environment of heavy ion

collisions.

o After Run II the Outer Tracker has been replaced

by a scintillating fibre tracker, the so-called SciFi
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NOT THE END
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A SECOND LIFE AT GSI DARMSTADT

At the harbour 

of Germersheim

At GSI 

Darmstadt
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o After decommissioning of OT it has been sent to GSI in 

Darmstadt

o 5 day special transport via track and ship

o Several applications in experiments and outreach activities



BACKUP SLIDES
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PARTICLE IDENTIFICATION

The Outer Tracker can contribute to particle identification at low momenta
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RASNIK
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GAS MONITORING
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