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Calibration measurements: laser data

Laser wavelength: 266 nm (4.66eV); ionizes organic impurities via
two-photon processes.

About 400-1200 laser events per sector were averaged to improve
signal-to-noise ratio.
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Calibration measurements: Calibration
pulser data

 Pulse injected into GEM4B induces signals on the pad plane.

* |deally, all pads in the same stack should measure the same
charge.

» Pad-by-pad differences arise from local capacitance variations:
— GEM foil sagging changes the pad—GEM distance.

— Spacer crosses / edges contain dielectric material.

» Used as a pad-by-pad capacitance proxy for CM correction.

gnorm qulser Ratio of pulser charge to median pulser
pulser,pad — Qg;gg?n charge in the stack for IROC.
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Variable Variable importance (%)
normalized pulser charge (Q;ﬁf;‘;r.p ) 61.1
Common-mode effect
average positive signal in stack 1.0
fraction of signal pads in stack 0.8
remaining dependencies 1.0

Random Forest (RF) machine learning
algorithm to learn the dependencies of

CF,pad
W CF data . W CF data
104/ = CFRF 10° s CFRF
mw CF delta | BN CF delta

10°

Entries

102
10!
10°

=1.5 -1.0 -0.5 0.0

mm CF data
10*| wun CF RF
W CF delta

10°

2
£t 102
i}

10t

10°

-1.5 -1.0 -0.5 0.0
Common-mode fraction

2026/6/15

10%

10%

10

| mem CF data
104 wwn CF RF
| B CF delta

10°,

10?2,

10t

-1.0 -0.5 0.0
Common-mode fraction

AR F SA25004020

Stack area (mm?) Peak position of CF

IROC
OROCI
OROC2
OROC3

171154
174853
231284
294836

-0.42 £0.03
-0.43 £0.02
-0.50 £0.02
-0.58 £0.02

Common-mode fraction

+ stack 0
+ stack 1l
+ stack 2
t stack3

1.0 15

2.0 2.5 3.0 3.5

Normalized pulser charge

NOTIm

kCF,pad — kstac]-; . qu_[ger,pad



CM online correction

e Each TPC stack is read out by multiple CRUs (over 3000 pads) :— OROC: 2 CRUs — IROC: 4 CRUs
 Since CRUs cannot exchange information online, the stack-level CM calculation cannot be applied directly.

Qpaa(t)
Kcrpad = Ipa
e < Qpos(t) >stack _ Anorm Qpaa(t)
% pad (t) qulse,pad Qnorm
norm pulse,pad

kCF,pad = kstack qulser,pad

where () denotes averaging over empty pads in a given CRU.

Candidate empty pad: Qpad(t) < Qinr1
Qpad (t) Qrmlm (t)
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Additional empty-pad check: < Qthr2
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* The ion tall lasts about 16 s after the signal peak.
e Peak amplitude: ~0.7% of the electron signal maximum.
* Integrated tail charge: ~9% of the total electron signal charge.
» Although small in amplitude, the accumulated tail charge is non-negligible.
The ion tail is caused by positive ions produced during GEM4B amplification.
While electrons are collected rapidly on the pads, ions drift slowly and induce a delayed signal,
producing a long positive tail after the main pulse.
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lon tall online correction

the ion tail can be corrected online to first order and the remaining second-order deficiencies can be handled

during track reconstruction.

Qout(t) = Qin(1) — Z A; e~ i (1= max )

two problems: the number of resources required and the time needed to perform the calculations.

Qout(t) = Qin(t) _ kl(l - kZ)Qcorr (t)
Qcorr(t +1) = k [Qcorr(t) + Qin(t)]

ki = kofir
k, = e~ AT
tail
ot
fir = signal
tot

* lon-tail correction also reduces the TPC data volume.
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High occupancy in this study corresponds to about 30%, which is close to the expected highest Run 3
Pb—Pb multiplicity conditions.
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Occupancy (%)

Minimum bias PbPb events, occupancy < 30% Minimum bias GB/s
space saving (%)

input signal 81.4 650

input + ion tail 74.6 888

input + common-mode + correction 82.1 628

input + ion tail + common-mode + correction 83.1 594

current assumption 82.9 600
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summary and outlook

 Laser and pulser calibration data were used to study common-mode and ion-tail effects.

« Common-mode correction iIs based on local capacitance variations, described by normalized
pulser charge.

 lon-tail correction uses calibrated tail fraction and slope parameters in an exponential filter.
* Toy MC validation shows that both algorithms efficiently recover the baseline bias and RMS

fluctuations.
e Correcting the ion tail is also crucial for data compression, reducing the rate back toward the

expected ~600 GB/s scale.

* The two correction algorithms have been commissioned as part of the TPC readout system from

2023 onward.
e Future studies with full MC and collision data are needed to evaluate residual biases and track-

topology effects.



Back up(slide 3
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Very large signals saturating the dynamic range of the SAMPA chip were discarded from the
analysis, since their actual amplitude is not known. Moreover, very large charges fed into the input
of the SAMPA chip may lead to loss of sensitivity of this channel for a short time. This can be seen
as a saturation of the SAMPA response at a constant value of about 100 ADC, as shown in the right
panel of Fig. 5 with red and brown solid lines. Note that this effect is an artifact of the electronics

and therefore does not affect the neighboring pads.
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Figure 5: Left: four laser tracks projected on to the local x—y plane. The dashed oval highlights saturated
signals. Right: saturated laser signals of the cluster highlighted in the left panel.
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o Left: on tail measured at 50% induction field.
 Right: ion tails at 100%, 85%, and 75% induction
fleld.

* The slow component is nearly linear in time
and decreases as the induction field is reduced.
* Only central pads of OROC3 are shown.

The ion tail can be corrected online using
an exponential filter algorithm. However,
the additional linear component must be

taken into account to avoid any bias.
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Back up slide(9)
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common mode region 3 (ADC counts)
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