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dE/dx Calibration Basics



Particle Identification
via dE/dx

Wireplane Wireplane

i o '

 TPC provides track position

and ionization measurements - ?
— Position used for tracking ? ? f ? - >
- lonization used for dE/dx ‘JJ” ﬁ /

estimate

* Particles deposit energy along
trajectory according to Bethe-
Bloch formula:

dE 7’ g

—x—Inlap -y

dx f~ [ P K)

* Dependence on velocity 8
allows separation of particle
species by mass
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dE/dx Calibration

o _ Wireplane Wireplane
* Track lonization collected at e QP° ¢
TPC wireplanes
* Ideally, reconstructed TPC 9k A 4 }
B 4

cluster charges represent W’ﬁ /
Initial track ionization

* Many effects contribute to
distortion of collected charge

- FEC Electronics Threshold
- Time variation of gain T T e T T T T e T T
- Electron attachment during drift = | T

[\

E/dx [MIP)

4
[=2]

— Atmospheric pressure variation

* dE/dx calibration steps aim to
correct for charge
distortion in order to better
estimate PID

N
111
(=1

1.2}

D_ o Syt A :I 111 | 1111 | L1111 | 11 .I I |'.I 111 1111 1111
1 -05 2 25 1 05 0 05 1 15 2 25
10|p| {log(GeV/c)) log10jp| (log(GeVic))

Uncalibrate Calibraté c a1




Pre-Calibration: Kre Correction
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TPC Gain Calibration Using Kr®:

* Large (up to 80%) variation in IS
TPC electronics channel gains [ S
- Pad-wire capacitive coupling varies T ‘

- Preamp response can be quite
different

e Can calibrate pad-by-pad gains if
we have a physical reference

E E Peak
» Introduce Krs3 to chamber gas xpected Energy Peaxs

and collect decays

« Reconstruct decay spectrum &

12.6 20

use characteristics to determine 0.4 12.2
gain D " D _
10 20 30 A0

Energy deposit ke V]|
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Individual Channels: Spectrum fits

Krypton Spectrum, FTPC2 Sector 1 Padrow 2 Pad 30

“g‘ -
2 250(—
O —

e Software handles
difficult-to-calibrate
channels due to:

200[—

— Poor statistics
— Poor spectrum shape

® Spectrum upper 00: — I5I!lf1|I - I1I:I|l'.'J['.)I — I‘|5Jl.'_J['JI l_IFLEEIll]DICk:arg:(A%Sé}D

100|—

50—

Gaussian Fit (Main Peak)

Krypton decay cluster charges, Tpe12 Sector 1 Padrow 2 Pad 30

edge detection

method used

— Other methods such
as peak detection
can be unreliable in
above scenarios

Turn-Off Fit (Spectrum Edge)




Charge

Results: FTPC1

FTPC1 Krypton Spectra vs. Channel (Uncalibrated)
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Counts

Results

FTPC1 Krypton Spectrum, All Channels (Calibrated) ALICE Calibrated
- Expected Energy Peaks Kr83 Spectrum
CE 16 220010
= 2000
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40000[— i
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- 12.6 29 o
20000— 9.4 =’
10000?— I 19.6 I
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e oI T R~ R— - a— Y 10 20 30 40
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Energy deposit [keV] Figure 3: The calibrated Kr spectrum of all OROCs.
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dE/dx Calibration Chain



dE/dx Calibration Chain Overview

SHINE ) TimeCorrection
Reconstruction Chain TPCDEDXCalculatorSG CalculatorBR
Ydependence . SectorConstant » ChipGainCalculatorBR

CalculatorBR

CalculatorBR
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dE/dx Calibration Chain Overview

SHINE TimeCorrection
Reconstruction Chain TPCDEDXCalculatorSG CalculatorBR
YDependence ) SectorConstant » ChipGainCalculatorBR

CalculatorBR

CalculatorBR
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Time Correction

Gain vs. Time, VTPC1 Sector 1

* Module: 510
TimeCorrectionCalculatorBR

* Calculates time-dependent gain
iIn each TPC sector

 Variations caused by HV drift, e _
beam intensity fluctuations, T
inadequate pressure CorreCtlon’ 12|O — 14‘1-0 — 1é0 — 1é0 — 2(“)0 — 22‘0 — 2!1-0 — 26‘0
Time/(10 Minutes)
etc Red: Uncorrected
 Qutput: Sector charge with Black: Corrected
timestamp (GPS Second) Gain vs. Time, VTPG1 All Sectors
» Calculator: Smooths calculated ~ § < —
gain vs. time & writes - . — PA——
timestamped corrections §
* Two-step smoothing . —— —
- Low-frequency trends e e ~ . -
- Higher-frequency variations 15 L
. 5(‘)0 | I | I 55‘0 I | | | 660 I | | I 6‘:|'>0 | | I | 7(:01

Time/(10 Minutes)
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dE/dx Calibration Chain Overview

; TimeCorrection
Reconstruction Chain TPCDEDXCalculatorSG CalculatorBR

SHINE

YDependence SectorConstant

CalculatorBR CalculatorBR — ChipGainCalculatorBR
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Y-Dependence Correction

* Module:
YdependenceCalculator
BR

e Calculates charge loss
due to drift-dependent
effects

e Loss caused by O, & H,O

contamination, imperfect
threshold correction

* Output: Sector charge
binned in Y

 Calculator: outputs
“charge asymmetry” & y-
dependent correction
factor

Wireplane

/4

Asymmetry vs. Y, TPC 3, Sector 19

Wireplane

01

Asymmetry vs. Y, TPC 3, Sector 19
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dE/dx Calibration Chain Overview

SHINE

Reconstruction Chain

TPCDEDXCalculatorSG

TimeCorrection
CalculatorBR

YDependence
CalculatorBR

SectorConstant

CalculatorBR

ChipGainCalculatorBR
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Sector Constants Correction

e Module:

SectorConstantsCalculatorBR

e Procedure: ‘

- Split tracks by sector
(“tracklets™)
dE/dx Fit, TPC 2, Sector 1, p = [10.000000,12.580000]

- Calculate [0,50]% e
truncated mean dE/dx  _E |

- Perform fits to tracklet
dE/dx distributions

- Select pion mean
dE/dx & use for
normalization
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Sector Constants Correction:
Robust Fits

e Multiple dE/dx =
spectrum fits performed ~
In fine momentum .

VTPC1 Sector 1, log, [pAGeVie]} = F0.175,-0.150]

2

slices

- Gives multiple
estimates of sector
Constant i VTPC1 Sector 1, bog, [pAGeVic]} = [0.150,-0.125]
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- Poor estimates can be
rejected using fit pion
purity

- Good estimates

combined into final }
Se CtOI’ CO n Stant VTPC1 Sector 1, kg, (p/GeWic)} = F0.125,-0.100]

* Acceptance- é
Independent calculation

— Uniform binning
scheme used for all
data sets

i

Counts

- 8 B 8 5 5 8 §f
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Pion Purity Selection

Important selection for sector

constant estimation

Lower purity — less-stable
pion mean position estimation

— If particle distributions overlap
significantly, pion mean position

more difficult to estimate

Selection: 80% pion purity

pn:nn/ Z ni

species

Results Iin robust sector
constant estimation

Sector Constant

VTPC1 Sector 6

B
(=]
|

L1
0.9 1 1.1 1.2

n Purity Near Peak

- -~ Purity Cut

Example Pion Purity &
Sector Constant Estimates

L1
0.9 1.1

14
I0g,,(p (GeVic)
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dE/dx Calibration Chain Overview

SHINE ) TimeCorrection
Reconstruction Chain TPCDEDXCalculatorSG CalculatorBR
YDependence ) SectorConstant ChipGainCalculatorBR

CalculatorBR

CalculatorBR
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Chip Gain Correction

Module:
ChipGainCalculatorBR

Calculates FEE-dependent
gain
Also calculates XZ-dependent

gain (broken wires, fiducial
volume effects, etc)

Chip gain calculation de-
coupled from Sector Constant
gains

— Chip gains in each sector

normalized by total sector
average chip gain

Chip Gain Calculator gives
sector constants for sectors
with low statistics(!)

Padrowld

VTPC1 Chip Gain, Chip ID vs. Padrow ID

SHINE 2012 Chip Gains

40

30

20

10

Padrowld

80

Chip ID

egaoéy 2510 Chip éaing
No cluster fiducial cuts)

L
(
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VTPC1 Chip Gain, Chip ID vs. Padrow ID VTPC1 Chip Gain, Chip ID vs. Padrow ID

Padrowld
Padrowld

10 20 30 40 60 70 80 90
Chip ID

VTPC2 Chip Gain, Chip ID vs. Padrow ID VTPC2 Chip Gain, Chip ID vs. Padrow ID

Padrowld
Padrowld

20 30 40 50




Calibration Chain Performance

24/31



Evaluation: dE/dx Fits

* In order to evaluate
performance, we perform
dE/dx fits to calibrated
data

* Perfectly-calibrated data:

2 3 4
log(Momentum) [log{GeVic)]

B AI Ig ns Wlth theoretlcal dE/dx + Tracks, p:[1.5,2.2]GeV/c 6:[20,40]mrad

Bethe-Bloch across

400— Fitted
‘ N, 128

Entries/0.012

phase space - g

—Protons Ny 2175

- Has smooth variation of fit e I
parameters - —Electrons B

e Performance fits tell us
now well calibration was
nerformed

. 1.8
dE/dx (mip)
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Model

dE
X

C

<E>mf — enerqy loss function

Resolution Calibration constants

({€)i)”

PDF — Asymmetric gaussian

g; = g[j}i (e); = (E);“:f exp(X _+) - exp(X;)

oy r

l € — i

§ )
x & s l—d e<u
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N

26/31



Calibration Evaluation
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Automation
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dE/dx Calibration Framework

e Calibration procedure is now automated

- Final tests being performed

- No direct intervention required by calibrator
between steps

- Package of QA plots produced
* Will allow testing of iterative calibration

— Running entire chain multiple times may further
iImprove calibration
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New Framework:
dE/dx Calibration 2020+

* Significant development required for 2020+ dE/
dx calibration

- New electronics will require update to threshold
corrections (Gabor tables)

* Will probably have other unknown effects

- Higher beam intensity will likely require new
correction on top of current ones

* Person-power needed here!
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Thanks!
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BACKUP



Correction Structure
(General SHINE Structure)
Modules run after reconstruction 1 1 1
and TPCDEDXCalculator - - -
Store TTrees with cluster-specific l !

Information in output file

Correction-specific Calculator runs
on combined file

Calculator produces:

- QA plots
- ROOT file with input for QA plots
- Text file to be moved by user to

Database

Calibration
Constants

QA Plots




Performance Evaluation

 To test performance, compare pion
peak in calibrated data to pion Bethe-

Bloch
* Look for deviations from pion Bethe- Al Particles
Bloch in regions of phase space N T eeng
B3k
* Binning scheme (2D): j: |
- Track charges & topologies separated .
- Total momentum (39 bins): osf- 4.
4 GeV/c — 96 GeV/c ooF Tt =
~ Constant widths in log(p) ook : I
- PT (9 bins): e
0.5-9.5GeV/c

- Constant widths in pT

* |ldentical binning scheme to Legacy
evaluation
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