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Summary of relevant calibrations

● Drift velocity
● Gain and dE/dx
● Calibration using external detectors

– ExB correction
– Alignment

● Overall detector alignment
● Space-charge (→ see Ernsts presentation)



Drift velocity
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Available methods

● Temperature and pressure scaling
● Laser system (anchor)
● Track matching across central electrode
● Reconstructed vertex position from A and 

C-Side
● Track matching between ITS and TPC
● Space-point distortion calibration 

(interpolation method) in voxels

kt(t) = kc(t) + xG* kdx + yG * kdy

kx, ky = f(dT, dP)
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Available methods – Laser system

● Laser fired every 30min – 1h
(to maximize life time)

● Follow signal from central electrode (CE)
– Simple to identify due to number of fired digits in few time 

bins
– Also used for fast online feedback and monitoring
– Main method for initial estimate
– Requires trigger offset for absolute calibration, fine for 

relative calibration
● Reconstructed laser tracks

– Mirror positions known
– Can be used for precise estimates
– However, signals often weak, not always aligned well

→ not many tracks reconstructable
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Available methods – Track matching to ITS

● Kalman filter with drift velocity as parameter
● Was the main method for drift velocity estimate
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Available methods – Track matching across CE

● Use time offset of tracks crossing the 
CE

● Time offset between reconstructed 
vertex A-, C-Side

● Method not used in present processing
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Final estimate

● All methods used in parallel weighting their contribution by
– The distance to the latest measurements point (e.g. laser available 

only every 30min-1h)
– A generic weighting by importance (e.g. 64 for [ITS] matching, 1 for 

CE measurement)
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Calibration using external detectors

● Includes several calibration components
– Alignment
– T0
– Drift velocity
– ExB (originally based on laser measurements)
– Distortions

● Disentangle static part by running with low IR
– Dedicated reference run
– Might require higher granularity

● Can be obtained with high time granularity
● Extracted distortion maps 

r

rφ



Gain calibration



13 Jan 2020 sPHENIX workfest, BNL, jw 11

List of gain calibrations

● 83Kr calibration
– Chamber-wise gain equalisation
– Pad-wise gain calibration

● Correction using T, P and HV
● Average gain correction over time
● Average pad-region calibration
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83Kr calibration

● Extract gain curve per read-out chamber (ROC)
● Determine voltage for (average) gain equalization over ROCs
● Extract spectrum on pad-level for gain equalization
● For final map

– need to take into account outlier pads
– Special treatment of ROC edge (clusters not fully reconstructable)
– Simple scaling of per-pad gain for varying conditions (HV, gain)

MC
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Correction using T, P and HV

● Temperature measured inside the TPC using 
2x18 sensors close to the end plate
– System precision is ~100mK
– Possible to measure temperature gradient
– Number of sensors will be reduced to 2x4 after 

the upgrade
● Pressure measured centrally in the 

experimental cavern
● HV curve of every sector known from 83Kr
● HV available from slow control system

σT ≈ 0.1 K
ΔTmax≈ 0.3 K 
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Average gain correction over time

● MIP position monitored over time
● Residual variations mainly due to 

changes in the gas composition
– Gas composition monitored using a 

gas-chromatograph (GC)
– Correction not implemented

→ gain using tracks more stable
– Gas composition from GC used in MC

→ correct radiation length of gas
– Also used for cross-check in QA
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Pad-region calibration

● For each run the average gain 
variation for each individual 
pad region is monitored

● IROC, OROC medium and 
long size pads

● For Run3 OROC is separated 
into 3 regions

Validate production methods with large size 
detector

Active GEM area = 0.6817 m²
GEM production & framing
Detector assembly
QA protocols

Milestone for the project

OROC PROTOTYPE

1912.10.2015

87 cm

Andreas Mathis -MPGD 2015 - Trieste

OROC stack
3

OROC stack
2

OROC stack
1

IROC
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Considerations and plans for run3 I
● Pad-wise calibration

– Investigate if X-ray guns can be used for 
calibration purposes
(e.g. Kα and Kβ Ag lines)

● No creation and transport of 83Kr source
● Always available / much more flexible

From Amptek Mini-X 2

https://www.amptek.com/products/x-ray-sources/mini-x2-ray-tube
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Considerations and plans for run3 II
● Pad-wise calibration

– For monitoring purposes we investigate to 
follow pad-gain variations using the self-
calibrated probe Qcluster / <dE/dx>

● High statistics in short time intervals
→ monitor changes over time

● Always available during data taking
– Tested with simulated data using a reference 

gain map
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Considerations and plans for run3 II
● High pT tracks have lower dE/dx in regions of low gain structures

– resulting gain map is biased
– deviations to reference gain map at edges and in the center of a sector

● Use only as residual calibration on top of Krypton

reference gain map extracted gain map
Deviations of reference
and extracted gain map
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Considerations and plans for run3 III
● Gain variations over time

– Update interval on 1s-1min level (was 15min in run2)
– Be prepared for short-term fluctuations
– Measure for each GEM stack individually?

● Distortions change dE/dx by changing dx
→ Needs to be taken into account in the calculation



Plans for run3 alignment

→ Thanks to Ruben!
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Overall detector alignment

● Use Millepede to align all ~150k DOFs (large number 
due to new ITS)

● TPC only used as bridge between ITS and outer 
detectors
– Will be aligned using the SCD calibration methode

● Initial alignment using cosmics + pp (B+, B-, B0)
● Plans for continuous monitoring with decreased DOF 

(rest fixed) using tracks / clusters from online 
reconstruction
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Assembly & Commissioning
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Cleanroom
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OROC insertion
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Inside the TPC
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Electronics and services
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Commissioning procedure

● Apply to HV to all chambers
● Test chambers in pairs

– Noise measurements
– Pulse shaping
– Laser calibration
– Cosmic muons
– Load test with X-Rays
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● Goal: Noise ~1ADC 
 reached

● Good signal to 
noise at nominal 
operating conditions

● Requires some 
optimisation

● Specific pattern

Noise measurements
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● Charge sensitive amplifiers
● Noise increases with capacity ↔ trace length 

Noise measurements
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● Induce pulse to lowest 
GEM electrode

● Functional test of each 
pad

● Determine shaping 
behavior
– Shaping time
– Shaping width
– Charge integral

Pulse shaping
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● Pattern in shaping time 
corresponds to chip pattern
→ Production tolerances
→ Variations ~ 5ns

● Pattern in charge integral due to 
wrinkels in lowest GEM-foil
→ Variations ~20% ↔ 400μm

Pulser shaping: results
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● Used for
– Drift velocity
– Chamber 

alignment
– Static distortion 

measurements

LASER Calibration
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● First charged particle tracks
● Reconstruction working
● First energy-loss spectrum 

(uncorrected)
● Up to now: random triggers
● Goal: continuous reconstruction

– Verify concept
– Identify bottlenecks
– Learn as much as posible

Cosmic Myons
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● Higher load than at LHC
● Stable operation of all chambers
● Plan:

– Run laser tracks together with X-rays to see distortions and try correction procedure

Load tests with X-rays

62cm
30°

176cm
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● Spectrum can be used for calibration → Pad-wise gain calibration
● Requires reconstruktion of decay clusters (3D)
● Second peak at ~ half the X-ray energy → might be fluorescence of Cu

→ Ideal calibartion source: no drift → no diffusion
● First Spectrum → Still much to optimize

Gain calibartion using X-rays

Source
outside TPC

inside TPC

Simulation

(eV)

First results
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Summary

● Main calibrations used for TPC summaries
● Outlook for calibration plans in Run3
● First results from commissioning



Backup
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