lon-Tail and Common-Mode

Effect Corrections for the ALICE TPC

GOETHE

UNIVERSITAT

FRANKFURT AM MAIN

Mesut Arslandok
Institut fir Kernphysik, Frankfurt

RD51 Collaboration Meeting
CERN, Geneva
10.12.2014

m H M Helmholtz Research School
S - Quark Matter Studies

Institut fur Kemphysik Frankfurt

ALICE



OUTLINE

Introduction

* A Large lon Collider Experiment, ALICE
* Time Projection Chamber, TPC
* TPC Laser System

Common-Mode and lon-Tail Correction

* Motivation = lon-Tail and Common-Mode
* Signal Shape studies with Real Data
e Offline Correction Procedure

 Results
* Summary
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ALICE Detector Setup

Tracking
Dipole

TPC: Main tracking and particle identification (PID) detector

HMPID
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ALICE

Time Projection Chamber, TPC

— Designed to measure up to 20000 primary and secondary particles in a single

central Pb-Pb collision iR TTOTE

field cage

6mm

readout chamber

* Ne-CO,: 90% -10%

* Read-out chambers: 72

e 159 rows (maximum number of clusters per track)
* Pads (readout channels): 557 568

* Time bins (samples in z direction): 1000

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:42
Fill : 1482

Run : 137124

Event : 0x00000000271ECE93
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H. (-100KV)

H.V. Plane (-100kV)

Drift field

Field cage

z=\t

Drifting electrons

pmp—————
-
\ Particle track

~<———— Drift volume

S =— Gating plane (-100V)
-~—(Cathode plane (0V)

Anode plane (+1.5kV)

25

» lonization

» Electron Drift

Gas Amplification
MWPC (Multi-Wire Proportional Chambers)

- Electrons with ~1000 larger drift velocity
—> Original charge is multiplied by

10m a factor of several thousands

Signal Generation

» —> Mirror charge of ions induces the signal
—> FEE amplifies and shapes the induced
signal of each pad
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TPC LASER SYSTEM
ﬂLICE

— For the Signal Shape analysis TPC laser data was used.

~+—— Central Electrode

Y, «t— 20-40 pJ/p ulse,

Wide laser beams: 266 nm,

@ 1aser beam ‘& splitter # adjustable mirror
100 mJ/pulse, 5 ns pulse, o 25 mm

Al prism & camera @S rod
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ALICE TPC Signal Shape

TPC cluster over a 5x5 pad-timebin matrix

12*exp(4)*(t/0.16) 4*exp(-4*t/0.16)
(transfer function of PASA)

Laser Signal before pedestal subtraction 2 2000 events

ALICE
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Common-Mode and lon-Tail
Correction

D51 Collaboration Meeting, 10.12.14 Mesut Arslandok, Frankfurt (IKF)



MOTIVATION

ALICE

— The PID is calculated from the specific energy loss measurement (dE/dx), which is derived
from the pulse height distribution of charged particle tracks

Common-Mode = Along pad direction

lon-Tail = Along time direction

==p Zero
suppression

0.6
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# Charge and cluster loss = Worsening of dE/dx

o
k=]

ADC counts
[
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ALICE

o Real
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_ ALICE

Common-Mode
Effect
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Common-Mode Effect: Charge Conservation
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Common-Mode Implementation on MC .

ALICE

— Based on charge conservation 2 Important for GEMs as well

10
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ALICE

lon-Tail Effect
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lon Tail: lon Drift in the Amplification Region %

ALICE

[~

XV O O R
Track |

- lons

y-Axis [cm]
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lon Tail: Dependencies

lon tail signal shape depends on:

- Anode Voltage
— Signal position on a given pad wrt to the center of gravity of cluster
- Geometry.

Voltage Dependence Position Dependence

-5 0 % 0
8 r f
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_ ALICE

OFFLINE CORRECTION
PROCEDURE
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How to Correct ?

—> Common-mode : Rely on charge conservation on a given anode
wire segment

- lon-Tail: Use normalised Time Response Functions (TRF)

TBscan area = 5 pads

Nambar

G50

Padscan area = 5 pads

6

TG00 _eSC 700
Time bin [<1001g] ima bin [x100rs)

st
1%t cluster 2nd cluster

& 350 400 250 S0C 550 600 €3C 700

‘ ct'imebin = Qtotpad X f x TRF

f : Experimental factor, which compensates the missing charge.
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RESULTS: Common-Mode
HLICE

Mean dE/dx vs Multiplicity
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— Scaling factor is needed for the missing clusters
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RESULTS: Common-Mode
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RESULTS: lon-Tail

ALICE
Mean dE/dx vs Multiplicity
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RESULTS: lon-Tail

ALICE

Seperation Power vs Multiplicity
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ALICE

lonTail + Common-mode

lon-Tail Correction Correction

Separation Power Mean dE/dx vs multiplicity
$ 64f e 3 2T L
F T 3 af =
I — c - a
;j 6.2§ N g 3 — —
o e -f
6; / 34 — -
5.9 - .
B 32 -
581 C ]
£/ a0 =
5‘65/ 28_""'""""""“"“'_
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2010 PbPb data 2013 pPb data
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SUMMARY

 Comprehensive study of common-mode and ion-tail effects was
performed using the Laser data of ALICE TPC.

* Since common-mode effect is based on the charge conservation, it has
to be considered for both GEMs and MWPCs.

 Both effects are linearly proportional to the local track density.

 Both effects were implemented in the MC and corrected in the
reconstruction successfully.

* Itis proven that an offline correction of both effects improves the dE/dx
performance thus the PID quality of ALICE.
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ALICE

BACKUP

RD51 Collaboration Meeting, 10.12.14 Mesut Arslandok, Frankfurt (IKF) 26



=
7

ALICE
To obtain more realistic MC description for RUN1, ion tail should be added to
the detector response.

= E.g number of observed signals, dEdx characteristic and the dependence on
the track multiplicity is not described at all.

In the TDR it was assumed that signal correction (lon Tail) will be done on the
hardware level in ALTRO. However, due to instabilities in software, given
functionality was not enabled.

— For Run2 given problem should be already fixed.

PbPb events:

- ~ 20 % of the clusters are lost

- ~ 20 % shift of the mean dEdx

- Fluctuations of the dEdx bias leads to worsening of dEdx resolution
(Effects are linearly proportional to local track density)

pPb events:

- ~ 5% effect for highest multiplicity events.

‘ MC should be dEdx calibrated in the similar way as the raw data
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TPC LASER SYSTEM

008 @)

|
jj «——— Narrow laser beams: :
/) 4—————— 20-40 pJ/puise, 5 1 mm | _

B
""" —
\ , Four shadows of the
i l.l-m‘fl’ol' bundles
,

Wide laser beams: 266 nm, | @ jaser beam ‘i splitter # adjustable mirror
100 mJ/puise, 5 ns pulse, o 25 mm 34 prism & camera @ rod

- 336 Laser Rays (168 on each side)
- 2 Sides, 6 Laser Rods, 4 Bundles, 7 micromirrors

- z-Positions;
odd rods: *130, 850,1690, 2470 mm
even rods: +100, 790, 1630, 2410 mm
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ALICE

Pad Response Function

— . htemp
N Rl Entries 225203
- o " Mean  0.003283
0.005— . Meany 0.002056
- . T RMS 2.149
- RMSy 0.002463
0.004 — ) "
0.003— .
0.002 — . .
0.001— J ~
O_IIIIIIIIL.-I—"f"_Iv_I-.llllI|l||l|||l||llll|l-_l“1"'l-._lllll|IlI
-4 -3 -2 -1 0 1 2 3 4

Pad
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REMINDERS (1l1) ®

ALICE

Preparation of the TRFs = Removal of frequencies + smoothing

3

o

102

F %2 I ndf 72.46 /415
= p0 9.981e+04 + 1.542e+01
1015~ Amplitude 792.3+101.9
= Phase shift -11.26 £ 0.59
101 = Frequency 0.1287 £ 0.0014
= ExpSlope 101.5+19.5
- ° 100.5—
1) Low freq = damping oscillator :
100 W

- [0]+[1]*exp(-(x-380)/[4])*sin([2]+[3]*x)

©
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PRI N 11 Y
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P R
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v b b b e L
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w0
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hsin out RE

2) High freq = Fast Fourier s som§
Transformation . ; ~H

1000 |

of

1 -
-1000 . 1000 :_
-2000 : o
F 2000 [~

o0l o s Lowa g b e leanalonag laanalasan 1 1 1 1 | 1
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

3) Smoothing with TLinearFitter
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ALICE

Garfield Wire geometries

Irack, clusters and dnft hines
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B T T ] orr 10 1 R R
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,'c Gating Grid
= el ' !
; { 25mm
4 —~ - -
| } \ Cathode Wre Grid
2 !
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ok { l 4 L Ancde W e Grid
w = A\l o le ja e 3
'n Y | 3 Pad Plane
{ : | 4

Ly s ¥ ,,”‘:; -_(":llhgdr
’m' "I . "‘. - \ \' “Anode, d
- 221 Pa
: 6x10 mm2 =2 inner OROC Ax7.5 mm?

- - - = = =
i L b =
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- 2 A B A A A S A A B A A | - '; 2 LN B B B RS S S B BN | m
3 anode voltage E = anode voltage 3
E. 1.5 — %' 15 1750V -
E c — 1700V 3
= =3 =
5 ! ] @ 1 /// 1650 V 3
. 1550V 3
0.5 = 0.5 =
] 1500V -
o - o =
-0.5 ~ -0.5 —

15 0 20 30 a0 50 -1 ) 20 30 a0 50
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Cosmic data (2006-2008)
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ﬂLICE
- Try to estimate the shape of distribution from the hit points of the electrons on the wire

§ I [ ~1.35 radyan ] m
* 1N | ol
; ' i | ' \ numumm|||||\|||\|l|1i|M||', I,
i N j oy
: 2k q ' 8'109.%75‘0,003 -0.002 o 0
ST T e S X[um) Sum of 3 Gaussians
1. Amplitude is fixed (ampSide*(4/3) = ampCentral)
2. MeanSide = Center of side peak
3. Sigma = Sigma of central peak such that (middle peak sigma) = (side peak sigma)*2
.| MeanSide = 1.35 \ : - W
o "~ 1 / | | MeanSide =1.35 /
| Sigma = 0..8 a1 .| Sigma=0.6 pada 1
~ot > (26% hits on the Pad) TR ~s- = (24% hits on the Pad) ~pad 3
ST e s EE Tlﬁr‘r‘le':[r‘flc'r;osl ST T ers e s T;'gme';[jlcfosl
= Pad 3 is the central pad - Only 3000 ions were used.

RD51 Collaboration Meeting, 10.12.14 Mesut Arslandok, Frankfurt (IKF) 32



WHAT IS NEW ? 9

1) Use generalized normal distribution —(|lz—pl/a)?
—> new parameter 8 QQF( 1/3)

1000 —hyt - Normalized .

0.6 —p=15

—B=15

\ : gazuz fit

800 : —B=2

/
IREN S S
- YN N
i N e
M2 N == A ——

2) Vary the number of ions in the cluster
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MOTIVATION ®

ALICE

REAL DATA:

- Time Response Functions (TRFs) for different distances to COG of cluster.
- Central (top curve), outermost (bottom curve)

-0.001

-0.002

-0.003

-0.004

[

-0.005

50 100 150 200 250 300 350 400 450
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lon Tail: Garfield Simulations

ALICE
- 3D setup which similar to the IROC geometry of TPC
= Calculations were done with NEBEM
- Net ions are drifting in Ne gas
S
e
VAW /s B e
%%;§ - Ny
. I -a.f-—-h_____\mh.
E 1.8k T
016 |{ ]
o 14 ] |
o .2 - — h
< — LI Jl\ I
>06k L i ] \[Lu:-___q . —> Padl
o4 I ETH—— : —> Pad?2
o.é \ <l ]| 'b- ]
o2k L =
04t 4 | “‘“ﬂJ}fI:- | ] —> Pad3
Conf | g 1811 "> Pad4
b | | —> Pad5
Bl ]
—1.;— / ) 1
—1.81 B q
2 ‘qu . N
I T e e
G I e G
° S laeq
A [omy (
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lon Tail: lon Distributions

Distribute ions around the wire as a Distribute ions with the shape of

triple gaussian profile

E

L a3t
=
<.: 121
>

||HH|!|| i

/ i

M\Iﬂlllmm iz
by,

i\ WMIJMH

ALICE
Pad Response f. along the anode wires
10 o £
Anode
Wires
Padl Pad2 Pad3 Pad4 Pad5
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lon Tail: Garfield Simulation Results

-3
*10
L o.38) 1 3
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S 0341 4 e
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008
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: -- pad 4
RRSE -7t - pad 5
0.02} /
e o = = B = = = = = & & h L i
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12*exp(4)*(t/0.16)"4*exp(-4*t/0.16)
(transfer function of PASA)
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O,

Data X Garfield Sim.

: =
0_— ; o
C £
0.001}— Og; oF
-0.002:— ol
Ao.ooai— —al
-0.004:— \W/i el i
- -7 -: pad 5 +
_0005:—1 | [ N | | T N | | N | | L1 | T N | | I N | | [ | ] L1 1 N N N N N N N N N M M N M N
50 100 150 200 250 300 350 400 450 = S R R S R
Timebin [100 ns] Tﬂe [micros]
lon arrival is lon arrival is
~27 us ~22 us
 Baseline — Distributions of ions around wire.

* lon arrival time - Ne* in Ne is not the right assumption.
lon mobility measurements for gas mixtures is needed.
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lon Tail: Simulation vs Real Data

ALICE

— Baseline is tuned playing with the distribution of ions around the wire
- lon mobility scaled with a constant factor to match ion arrival
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RD51 Collaboration Meeting, 10.12.14 Mesut Arslandok, Frankfurt (IKF) 39



