
Space-charge density 
fluctuations 

1. Number of ion pile-up events

2. Primary + secondary track multiplicity

3. Number of tracks per volume element

4. Energy loss per track


• Time scales of 

• Approximation of density fluctuations with integrated digital 

currents (IDCs) required for correction procedures

5ms − 10ms
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Integrated digital currents 
IDCs 
• Integration of ADC values over ~1ms

• Estimate for space-charge density fluctuations

• IDCs to be used for

‣ Input for corrections of distortions

‣ QA of detector


Storage in the CCDB 
• Data reduction (1 GB/s  46 MB/s)

• Factorisation of IDCs

‣ 

‣  

‣ 

‣ 


• Averaging + compression of 

→

I(r, φ, t) = I0(r, φ) ⋅ I1(t) ⋅ ΔI(r, φ, t)
I0(r, φ) = ⟨I(r, φ, t)⟩t
I1(t) = ⟨I(r, φ, t)/I0(r, φ)⟩r,φ
ΔI(r, φ, t) = I(r, φ, t)/(I0(r, φ) ⋅ I1(t))

ΔI(r, φ, t)

TPC readout system 
TPC Upgrade 

TPC upgrade 
• Stacks of four Gas                                                          

Electron Multiplier (GEM) foils

• Continuous read out


Ion backflow 
• Suppression to ~1%

• Ions from  events piling up in the volume


‣ Space-charge density 

• Distortion of electron drift path in r, , z

• Distortion correction: 


Nion
pileup = IR ⋅ tIon

ρSC
φ

drmax ≈ 10 cm → 200 μm
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ALICE Time Projection     
Chamber 

• Main tracking detector

• Identification of charged particles

• Volume ≈ 90 m3


• Uniform drift field of 400 V/cm

• Ne-CO2-N2 (90-10-5)


1

4

50 kHz Pb-Pb MC

0 ≤ φ ≤ 2π

2−

1−

0

1

2

3

4

5

6  (c
m

)
rd

0 20 40 60 80 100 120 140 160 180 200 220 240
 (cm)z

100

120

140

160

180

200

220

240 (c
m

)
r 50 kHz Pb-Pb MC


0 ≤ φ ≤ 2π

1

σsc
μsc

=
1

N i on
pi l eu p

1 +
σNm u l t , pr i m
μNm u l t , pr i m

2

+
σNm u l t ,r el sec
μNm u l t ,r el sec

2

+
1

(Fpr i m (r ) ⋅ μNm u l t , pr i m + Fsec (r ) ⋅ μNm u l t , sec)
1 +

σQt r a ck , pr i m (r )

μQt r a ck , pr i m (r )

2

+
σQt r a ck , sec (r )

μQt r a ck , sec (r )

2

2 3 4 Space-charge distortion 
correction 

Correction of average distortions 
• TPC tracking using relaxed tolerances

‣ Matching with ITS and TRD + TOF


• Reference track: ITS-TRD-TOF refit

• Measurement and storage of 

• Calibration interval 

• Parametrisation of extracted corrections

‣ 


Scaling of mean correction map 

• Derivative of average correction  


•   

• Calibration interval 


1D distortions fluctuation correction using ML 
• Ongoing studies with random forrest and neural network


‣ Input: Fourier coefficients of  and 


‣ Output: Correction of 1D-distortion fluctuation

• Calibration interval 


δY, δZ
𝒪(min)

δY, δZ → Δx, Δy, Δz

δΔ
δI1

= (
corr⟨I1(t)⟩+ − corr⟨I1(t)⟩−

⟨I1(t)⟩+ − ⟨I1(t)⟩− )
corr (I1(t)) = corravg + I1 (t) ⋅

δΔ
δI1

𝒪(10 ms)

I1(t)
δΔ
δI1

𝒪(10 ms)
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Figure 1. Schematic view of the ALICE TPC.

operated in pp, p–Pb, Pb–Pb and Xe–Xe collisions at a variety of collision energies during LHC
Run 1 and Run 2. For further details see [5, 6].

1.2 Upgrade concept

The main objective of the TPC upgrade is to provide sensitivity to a minimum-bias interaction
rate of 50 kHz in Pb–Pb collisions, as foreseen for LHC operation in Run 3 and beyond. This goal
requires elimination of the intrinsic trigger rate limitation of the original MWPC-based TPC [5, 7].
The limitation to about 3 kHz was imposed by the operation of an active ion gating grid, which is
used to collect ions from the amplification region and prevent them from drifting back into the drift
volume, where they would lead to substantial space-charge distortions of the drift field. Further
limitations in MWPC-based readout chambers arise from space-charge e�ects at the amplification
wires and ion tail accumulation, both resulting in substantial rate-dependent non-linearities of the
signal response. Despite the tightened operational demands, the ambitious ALICE physics program
for Run 3 and Run 4 does not allow a degradation with respect to the excellent momentum and
d⇢/dG resolution of the original TPC. The design considerations emerging from these challenging
requirements and their technical solutions were worked out in an extensive R&D program [3, 9]
and will be briefly outlined below.

Operation of the TPC at a collision rate of 50 kHz implies that on average five collision events
pile up within the TPC readout time window of about 100 µs, as given by the typical electron drift
time over the maximal drift length of 2.5 m. This excludes triggered operation and defines the need
for continuous readout, demanding novel gas amplification techniques which provide su�cient ion
blocking without an active gate. The requirement to keep the ion-induced space-charge distortions
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Space-charge distortion correction in RUN 2
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TPC track finding and matching to external detectors ITS, TRD and TOF 

Interpolation of refitted ITS, TRD and TOF track segments  
to the TPC as reference points for the true track position  

Measurement of !Y, !Z residuals between distorted  
TPC clusters and reference points 

Extraction of real 3D distortion vector  
{dr, dr", dz} by geometrical relations to  
measured 2D residuals 

Correction maps
• Smooth parameterization of  

extracted distortion vectors 
• Time intervals of 20 - 40 min 

‣ Average correction 
‣ Fluctuations within one time interval

δ Y

    ρSC ∝ Iprim ⋅ gain ⋅ IBF

     A DC ∝ Iprim ⋅ gain
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