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Introduction
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ALICE upgrade during LS2

ABSORBER)
— [TRACKING

5th HIC for FAIR Physics Day

Operate ALICE at high luminosity
(L=6%1027 cm-2s-1 for Pb-Pb)

Significant detector upgrades:
Inner Tracking System (ITS)
improved vertexing and standalone tracking
increased readout speed and rate capability
Muon Forward Tracker
Electronics, Trigger, Readout systems
TPC with continuous readout.
high rate capability
preserve PID and tracking performance
Rich physics program in RUN3 (>=2019)
Detailed characterization of QGP
Main physics topics:
Heavy flavors
Low-mass and low-pt di-leptons
Quarkonia (J/y, W',Y)
Jet quenching and fragmentation

Anti- and hypernuclei
Jens Wiechula




The ALICE Time Projection Chamber \\

In numbers

_ _ Central HV electrode
Most challenging TPC ever built /100kV - 400 V/cm

A v, =2.73 cmiys
# Total drift time 92 ps
2x18 Inner ' 5m | .
Readout B
Chambers
2x18 Outer Y
Readout \
Chambers i
1 4 o5
| Gas:
' ~90 m?
Ne-CO,[-N,] (90-10[-5])
557568 readout pads & temp. homogeneity and stability < 100mK

1000 samples in time direction

Designed for charged-particle tracking and dE/dx measurement

in Pb-Pb collisions with dNch/dn=8000, o(dE/dx)/(dE/dx)<10%
5th HIC for FAIR Physics Day Jens Wiechula




The ALICE TPC

Limitations of the present system
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MWPC with a gating grid (GG) limits operation to ~3.5kHz
100ps (electron drift) + 200us (GG closing — full ion blocking)

Otherwise sizeable distortions due to space charge
Change of read-out system required
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The ALICE TPC

Upgrade program

General requirements

50 kHz Pb-Pb collisions (100x higher than present)
Record all minimum bias events

Upgrade of the .
Time Projection Chamber Solution

No gating and continuous readout with GEMs
Implication

Technical Design Report

http://cds.cern.ch/record/1622286

TDR

Event pile-up in TPC: ~5 overlapping events

®

Requirements for GEM readout
S—— Operate at gain 2000 in Ne-CO,-N, — Signal to noise

for the

L IBF (ion back flow) < 1% - Impact on distortions
o:/E < 12% for 55Fe — Impact on dE/dx resolution
Stable operation under LHC conditions

+ novel calibration and online reconstruction schemes

+ new electronics (negative polarity, self-triggered)
Endorsed by LHCC (data compression by factor 20 and space charge distortions)
5th HIC for FAIR Physics Day Jens Wiechula

http://cds.cern.ch/record/1984329

TDR Addendum



http://cds.cern.ch/record/1984329

GEM technology

Introduction

Thin polyimide foil ~50 pm
Cu-clad on both sides ~5 pm
Photolithography: ~104 holes/cm?

Typical GEM geometry:
* Inner/Outer hole diameter: 50/70 um

* Pitch: 140 um
* Other geometries with different pitch sizes:

o * 90pm (SP), 200pm (MP), 280pum (LP)

WD = 5.1 mm Mag= 248X Tilt Corm. = Off = 36.0° Time :16:52:53

= Epoe Up to 100 kV/cm with
AV ey = 500 V
. EHoIe >> EAbove

e = 250 Vicm

most of the ions are collected
B e on the top side of GEM

elow

EE!I

" EBelow > EAbove

Simulation

electron extraction is improved
5th HIC for FAIR Physics Day Jens Wiechula




GEM technology

Impact of the lon Back Flow

d(rg) (cm)

Il Il Il 1 1 1 I = _B 1 Il I Il 1 1 I 1 Il 1 I 1 1 Il I 1 1 1 I 1 Il 1 I 1 1 Il I 1 1 1 I ]
100 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
r (cm) r (cm)

50kHz Pb-Pb, gain = 2000, I1B=1% (£=20)

ty0,= 160ms — ion pileup from 8000 events

Distortions up to dr = 20cm dr¢@ = 8cm (small r and z2)
Final calibration to ~10- required

5th HIC for FAIR Physics Day Jens Wiechula




R&D with small prototypes
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IBF measurements

Introduction - nomenclature

>Fe, X-Ray generator

—— l cathode
Ti | [
Cathode T T IB = Icathode/ Ianode
4-80 mm
e=IB*G_. -1
GEM1 B B -------- - e e e oo . _ * *
GEM2 b - E . 2N ol ntot — nion IB Gefr
T2 2 mm
GEM3 g - - - -~ - - - oo L ju =
GEM4 Ers 2om 1
Readout foil/ Eina 2 mm  Eam

Anode 1 pad

anode
lon blocking not as efficient as with gating grid (10-5)

Total ions in drift volume (n,,) strongly depending on IBF

Use lower GEMSs (3, 4) to adjust the gain (usually AV geps/AVeems =
const.)

Huge parameter space — Niis; AVeemy AVeemzy E117Eing

5th HIC for FAIR Physics Day Jens Wiechula




IBF measurements

Systematic scans - IBF minimisation

IBF (E_.) for Ne-CO_-N, (90-10-5) S-S-S IBF over T2 and T3 for Ne-CO,-N., (90-10-5)
[T {J.G? L | T T T T | T T T T | T T T T | T T T T | T T T T | 1] E‘ —
gﬂ e E_; o E.=01kVim 'y E, = 03Kkviem _E ;,“3 1188 229 266 292 325 352
T W E.=015KkViem o E,=04kVlem 3 % oF496 233 263 289 3.19 | 356
0.06F— N A E;, = 0.2kviem E.,= 05kviem 3 N
- A E,=08kviem J D.8F1.97 228 262 293 326 348
0.055 A — E
= - 0.7F189 233 264 295 321 346
0.05— A = -
= - 0199 231 262 280 315 3.40
0.045 =" A = =
= v = 05F201 232 260 286 310 332 3.64 s
0.04 4 3 -
" = v - 04F188 233 257 281 303 319 332 343 356 365
0.035 - A v — = =15
- ® u A v v pD3FE31.98 227 252 269 286 299 3.09 321 330 3.37
0.03 - | A A — C
= Py [ - : 3 02293 222 237 255 267 278 287 292 299 3.05 1
0.025 — ] ® P =
- - 01200 216 229 234 249 258 262 265 271 281
{J,[}ETl P T T R T AN SRR T N P L | T T T O T T T T T [ 0 ANV Y A O 0.5
3 3.5 4 4.5 5 5.5 01 02 03 04 05 06 07 08 0.9 1

Eq, (kV/cm) Er, (kV/icm)

Large parameter space scanned for triple GEM
IBF not lower than ~2.5%
Move to quadruple GEM stack

IBF not lower than ~2% (S-S-S-S configuration)

— Test other GEM foll configurations
5th HIC for FAIR Physics Day Jens Wiechula 12




IBF measurements

Optimisation of IBF and local energy resolution

S-LP-LP-S
— 2.2 T T T T T T 20 a . 20 T T T T T T T T
S ogl™0 lia = &t Uu_ MU =08  U_ /U._ =095
1 8 ‘8\_ b : GEM3 GEM4 GEM3 GEM4
Iﬁ% 1 . G i = 18 R UGEM2:235 v UGEM2:235 VT
=18 1> 116 i =255V
16 o : . 114 =285 V
1.4] . - 5
i \/ ‘w. il -
1.2 F V <) o
[ V< ¢=¢2:,22 110 il
1.0} v
0.8} i il
[ 46
0.6
oal —e—IBF, U_,,,=235 V |, )
! ——IBF, U, =255 V
0.2 -2
[ —v— IBF, U,,~285 V | | -
0.0 | S U T T R TR TR N | Y T Y W [T T T TR 1 PO LT T T 0 PR BT T T
220 240 260 280 300 320 2.5 3.0
Veem (V) IBF (%)

55Fe resolution and IBF are competing
— always both parameters need to be monitored
Mainly driven by AVcevis AVeews

Plot variables against each other — show working point region &
5th HIC for FAIR Physics Day Jens Wiechula 13




IBF measurements

Summary of best results

. Ne-CO,-N, (90-10-5)
s S-LP-LP-S

= Many more GEM i S R P B R R A tyityi
configurations scanned By g+ SSLPS

o v 2 ¢ S-S-LP-SP

= Base line solution 14

= Working point: IB ~0.65%, "
0~12% 8

« AV, = 275, 235, 284, 345 (V)
« Eqyg =4, 2,0.1, 4 (kV/cm)
= — Requirements fulfilled

00')

1 1.2 1.4 1.6 1.8
IBF (%

~ Ny

= — Well characterised
= S-S-LP-SP under investigation

P

5th HIC for FAIR Physics Day Jens Wiechula




IBF measurements

Differential picture

i
Ecoll Me.in M Me—ion Eextr  Meout G Mion.back fraction of fraction of /fj'_
total IBF (sim.)  total IBF (meas.) —) .
: o | ; &Y e
GEMI (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%  Cathode " ’K-)’—
f
GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3 (26%) 37% 34% )‘{\fh
(A controller
GEM3 (LP)  0.25 2 53 104 012 127 1.6 1.3 (1.3%) 14% 11% GEM 1 o T ’%}_
GEM2 o m--------m-emmme oo A - - 22
GEM4 (S) 1 12.7 240 3053 0.6 1830 144 0.84 (0.03%) 9% 24% 2::: b i e ;}Aj_
Readout foil/ ..—-—: :‘— 1pad )15‘5_ -
Total 3183 1830 1830 9Qw28%  Anode [ 1pad ‘ T
i - . e 4

5th HIC for FAIR Physics Day Jens Wiechula

Measure currents on all electrode

Get differential picture of charge transport
Main contribution to IBF from first two layers
Main amplification from last layer

Collection efficiency on first GEM drives the energy
resolution




IBF simulations

Dependence on GEM hole distance

£ w1
o8 m
&= | - le\//c
w _ == :
Ca. B¢ ® ﬁ@ Ciy=41KV/CITI
10 ::EEEEEE'EEEE‘ B 1@*.55555 Ty e .EEEEEEE%':"M q
......... A SHI. e U g
® LB RS T S ®es 0
1 . = DL\
10 ® " ’:’.:::::.E 4 £ \EECM
’ ........ 6 +::::::_®
)
10? @ ©
@
|8 .
F{ ——— offset in y at x=0 Et=4kV/cm 1024 ——— offset in y at x=0 Et=4kV/cm )
10 L —— offset in y at x=0 Et=2kV/cm —— offset in y at x=0 Et=2kV/cm :
E| —O— offsetiny at x=0 Et=1kV/cm | —— offset in y at x=0 Et=1kV/cm
C| —@— offset in x at y=0 Et=4kV/cm || —@— ofsetinxatyoer=arviom | = — /] |c\/ CM
| —##— offset in x at y=0 Et=2kV/cm —4— offset in x at y=0 Et=2kV/cm tl
—4§— offset in x at y=0 Et=1kV/cm —4§— offset in x at y=0 Et=1kV/cm
1IIII|IIII|III| | | 10-3II |

1 Y N A v IIIIII|IIII|II\I|IIII|IIIIIIIIIIIIIIII
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
distance between holes [um] distance between holes [um]

Ne/CO, simulation studies

In case of high Et1, alignment is an issue.
Gain and IBF vs. distance between holes in GEM1 and GEM2
x10 difference in IBF w.r.t hole alignment

5th HIC for FAIR Physics Day Jens Wiechula



IBF simulations

Dependence on GEM hole distance - optical transparency

Alignment cannot be GEM Fails aligned

controlled on um level

'‘Optical’ transparency very
different over the GEM
surface

Resulting from hexagonal
GEM pattern

Would result in very
Inhomogeneous IBF -
unfavourable

Rotate adjacent foils by 90°

More homogeneous pattern

_______

GEM Foils rotated by 90°

L J L »

5th HIC for FAIR Physics Day Jens Wiechula



IBF simulations

Comparison to simulations

hole distance = 0.65625"70 (um
I-L 0112 1 | L L | LI | | L I LI I(!Il 1 ) LI- DIDEG :
@ i @ meas. o sim. E,,=08kWem | [u4] 0.045 - —e»— Meas 5-5-LP-5
B - meas. [ sim. E_=06kVWem | ' F —o— 5im1 5-5-LP-5
0.1 meas. sim. E_ =0.4kVem —] 0.040 E —o—5im2 5-5-LP-5
i ‘%‘«H W meas. Sz sim. E_=0.2kVcm | - —o— 5im3 5-5-LP-5
A *-,% 0.035 L
0.08} S — .
¥~HH ~ 0.030 L
o E T E 0.025
L S 8 --_ - | —=— Meas S-LP-LP-S
- i 0.020F | - sim1s-LP-LP-S
- i —— F | —o—Sim2 S-LP-LP-S
0.041 %““H%ﬁﬁ‘ 7] 0015 F | —=—Sim3S-LP-LP-S
“‘*% ----- + ----- % _____ .}, 0.010 [
R R g 0.005 | Ez;h&zg;?_éa
: Triple GEM 0.000 [ T
oL AN TN T T T [N T TN N SN NN N TN T N NN NN M N 1 E 3 -4
3 3.5 4 4.5 5 5.5
Ers(kV/cm) E,, (kV/icm)

Simulations available since a few years

Hole distance critical parameter

— use to tune the matching
Good agreement between measurement and simulation

Jens Wiechula 18
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IBF simulations

lonisation dependence

w 1 ] 1 GEMS50, d=19mm, Ar-COﬁETﬂ-:m} w 1 | 1 GEM50, d=19mm, Ar-CﬂlfTﬂ-Eﬂ]
I 1 GEMS50, d=3 ArcO {703y W T T

@ [ : | CEMIOD. detem o Eo t‘m-;n] TR SO .. @  1GEMSO0, d=3mm, Ar-CO(70-30)
CUTIITED @ 1 GEMSo, de3mm, Ne-Co (30-10) [l v 1GEMI00, d=19mm, Ar-CO,(70-30)
.................. O 1 GEM100, d=3mm, Ne-C& (90-10) IS O 1 GEM50, d=3mm, Ne-CO,(90-10)

| e 1GEMS0: simulation, d=3mm, ArCO b I O  1GEM100, d=3mm, Ne-CO,(90-10)

[ 1GEMED:simulation.d=15mm.Ar-CE)! F = ‘IG‘EMSIZI:s.imulsltiun_.1:I=Z'imm,.ﬂ&r-GO2

...............

10-1TIIIZZIIIIZZII::E:ZZIIIIZZIIIZZZIZZ;ZZIZ.ZZI!’IIII::;I.'ZZZIIIIZZIIIIZ 107 _..IIIZZZIIIIZ:::ZE.LZIIZZZZZIZZZZZI::::IIIZZIIII..'II..:::IIIIZZIIIIIZZIZZZ

10-2 1 | IIIIIIi 1 L1 IIIIIi | 1 IIIIIIi 1 11 1101l 102 1 | IIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 10101118
10° 10 10° 10" 10 10* 10" ;r:rE
Space-charge density (fC/cm®) P, % d (fC/em’)

Dependence of IBF on space-charge density (SCD) observed in measurements

Trends reproduced well in simulations

SCD estimates in measurements coarse estimates
SCD in simulations assumed homogeneous

At high SCD the effective drift field at GEML1 top is decreased
More filed lines end on GEML1 top — lower IBF
5th HIC for FAIR Physics Day Jens Wiechula




GEM stability tests

Discharge probability

210E Ar-CO, (70-30]
% = [ | Bachmann et al. - 1GEM, **"Am §-8-8 5-8-8-8 S-LP-LP-S
2 r 4 Bachmann et al. - 2GEM, *'Am ‘standard’ HV IB =2.0% 1B =0.34% 1B =0.34% IB =0.34% B =0.63%
o ¥ Bachmann etal. - 3GEM, *“’Am G = 2000 G = 2000 G = 1600 G = 3000 G = 5000 G = 2000
210" = —e— TUM- 3GEM, °Rn
§ = + 20Rn
2 [ ¥ Eq = 6.4 MeV ~10°10 <2x10°° < 7.6x10°7
°© 3 'i?" rate = 0.2 Hz
= ’ Mlam
C v E, =55MeV < 1.5x10° 10
- Lo Hpu ! Am+HCm .
C y Eg = 5.2+5.5+5. 8 MeV <27x10°%  =23x10°7  (3.1+0.8)x10°® <3.1x10°?
105 i rate = 600 Hz
= 90g,
B Eg < 2.3MeV <3x10 1
10'8 1 | 1 1 1 L1111 | 1 1 L1l rale = (}(} kH‘{
10* 10° 10°
gain

Discharge probabillity for triple GEM In
agreement with literature

Quadruple GEM mostly upper limits
(measurement time)

Suitable for LHC running conditions

5th HIC for FAIR Physics Day Jens Wiechula




Results from a large prototype
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Results from a large prototype

Assembly of full size IROC

= 4 single-mask GEMs in the
configuration S-LP-LP-S

= GEMs glued on 2 mm frames

= Prototype mounted in a test
box with a field cage

5th HIC for FAIR Physics Day Jens Wiechula



Results from a large prototype

Test beam campaign

= Test beam studies at
PS and SPS with full-
sized IROC prototype

= Discharge probability
= dE/dx performance

5th HIC for FAIR Physics Day Jens Wiechula



Results from a large prototype

PS test beam - dE/dx performance

ql_} 6— T T T T [ T T T T T T T T T T T T T T ] i LIS U N L L N L L L B B i
E 1200~ — e:mean=101.55, 0=9.22, a/mean=9.08% —
m — I B: . 0/ — i — I Means= ’n= ‘ g/means ]
- O 65 0 1 GeV/c mm:_ : 66.10, o=6.89, @ 10.42% :
\ IB=0.51% 5 f 4-GEMIROC -
B - N - ]
il » . IB=0.34% | i :
: 1 :
3— — . ]
400~ —
i @ AGEM, TDR settings, gain 2000 7 . ]
2—  ® 4GEM, new baseline settings, gain 2000 ] 21313:— —
- B 2GEM+MM (HIROC), gain 2000 . - | | | ]
1= = 2GEM+MM (Yale), gain 4000 | % —""%0 100 150 '2ucé'E;d; 250
L == Simulation _ o
| | | | | | | | | | | | | | | | | | | 2 dE dx —_— dE dx
O 10 15 20 25 SAp = ( _ /dx)a —{ / )|

dE/dx performance as expected from simulation
Same performance as present MWPC IROC

Physics performance not compromised up to 0=14%

— Allow for operation of IROC / OROC at different working points
5th HIC for FAIR Physics Day Jens Wiechula




Results from a large prototype %

SPS test beam - discharge probability

4GEM IROC

Number of accumulated particles N,,, = (4.7+£0.2)x1012
Comparable to a typical Pb-Pb running year
Three discharges observed

Estimate for run 3 based on PS results

About 650 discharges for whole TPC per typical yearly heavy-ion run
at 50 kHz (5 per GEM stack)

Safe operation guaranteed

5th HIC for FAIR Physics Day Jens Wiechula




Reconstruction and

calibration stratec
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Reconstruction strategy

Reconstruction Stage 1

. —» Cluster Finding —— Seeding / Tracking ——» Data Compression
electronics T T
T - Dead channel map - Au:eraqe 5pace-charqe distortion map
_ - Drift velocity
- Pedestals : L
_ i _ - Pad-by-pad gain equalization
- Chamber-by-chamber .
: At O(15)min
gain equalization (HV)

Permanent Storage &

Reconstruction Stage 2

Tracking / External Track Matching —_— PhySICS Ready
A Data

- High-resolution space-charge distortion map
- ITS-TRD external track reference
O(ms)

Data taking Online Systems Data analysis

5th HIC for FAIR Physics Day Jens Wiechula 27



Calibration strategy

Measurement of residual distortions

Correct residual distortions using
track interpolation from external
detectors (ITS-TRD - TOF)

Space charge fluctuations
require an update of the
correction maps in 5 ms 2008 eenrea nonvsitoms w20y

180

Intervals

140

Final calibration on the level of =

300 um p

20

L | I I | | Ll Ll | | I I - 11 1 11 | L e | | I I | I | I T | | Ll
-0.4 0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
A (drg) (cm)

5th HIC for FAIR Physics Day Jens Wiechula



Calibrati trat
Calibration performance
§~,10ﬂ2 T T 11 |||||||||||||||||||||||||||||I|||| %n-035_|||||||||||||||||||||||||||||||||||||||I|||||||||_
L 3 | i
it-: i After 1 stage of reconstruction 8 3 0.0k TPC + ITS, after 2" stage of reconstruction E
© 4 - [ & F i
.E] B <) D,?
_Eﬁé i + '!. J.-%*‘“ é EIDES N u no EipElL‘.-B-chH.r:_.]H ]
. 0.998 _”_i_+_¥# %“h‘l‘ | w“ m  spaca-charga, e=20
p%—'} | #}: # 3 * **H*'.}“ 7 g B space-charga, e=25
? k3 :;#** -I’I-I*Tf-ﬁ-*- : *@ 0.02— spaca-charga, e=30 ]
0.996— + +I1Ir s ++— Q = space-charga, e=40
[ * ;# +  ® 0.015F -
i ®  nospace-charge t n o ) -
- t's% xc i
0.994 - = space-charge, e=20 2 o -
i m space-charge, e=25 + 1 E g 0.01 :_ . ",q
L space-charge, e=30 {1 €5 B *ﬂ.i-'*"" e
0.992 S o B R oI i
' B = zpace-charge, e=40 I -8 = 0.005H - ;’fﬂiﬂ-"‘* —
: ] £ £ [ et '
i | I | | | | I i L?.S- h|5=-|-|||||||I||||||||||||||I||||||||||||||I|||||||||
G_ggﬂ 1111 111 L1 11 1111 L1 11 1111 1111 | | GD
0.5 1 1.5 2 25 3 3.5 4 01 02 03 04 05 06 07 08 C!.19 1
1.-";::1T (GeV/c)' 1/p_ (GeVic) " (MC)

Testing limits of calibration procedure

— Going up to twice the nominal ion density (€=40)
Tracking efficiency not compromised
Slide decrease in p; resolution at low momenta

— does not compromise physics program

5th HIC for FAIR Physics Day Jens Wiechula




Summary

22r | IR RN RN R
Extensive R&D program carried out = | NeCON, (90-105) ]
during the last years R R E A R R4y
B ¢ S-S-LP-S .
Thorough characterisation of several 16:_ LneTE T L ssapse
GEM configurations in terms of IBF, ) N B L §.'.' AN NS NS S N N
o(55Fe), discharge probability T
Stable solution established as 4-GEM RO ]
S-LP-LP-S PSR S MU - SO SO S S ]
Calibration strategy to correct i3 R
distortion on the level of 10cm down e ]
to ~300pm demonstrated oz 0aosos T e A Te e

1BF (%)
Physics performance very close to
present system

Confidence limit of operation
extended substantially

TPC TDR was endorsed by the LHCC

5th HIC for FAIR Physics Day Jens Wiechula
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S-LP-LP-S default voltage setings

B o(>Fe)  AUgems/AUsema  AUgemi  AUsemz  AUcems  AUcewu ET) ET Ets3 Eind
(%) (%) (V) (V) (V) (V) (kViem) (kV/iem) (kV/em)  (kV/cm)
0.63 11.3 0.8 275 240 254 317 2 3 1 4
0.34 17.0 0.8 225 235 304 382 4 2 0.1 4
0.51 13.8 0.8 255 235 292 364 4 2 0.1 4
0.65 12.1 0.5 275 235 284 345 4 2 0.1 4
0.98 10.4 0.8 305 235 271 339 4 2 0.1 4
2.05 9.1 0.8 315 285 240 300 4 2 0.1 4
0.76 12.0 0.95 275 235 308 323 4 2 0.1 4

5th HIC for FAIR Physics Day Jens Wiechula 32
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Space charge fluctuations

Magnitude of fluctuations

%

O 005: ! I l. I .I o I. | I: .
R Contributions to the fluctuatlons_f Space-charge ﬂUCtuatlonS
- e Number of events: Ne, -
0.04 ®  N., and multiplicity (mult) |3 at the level of 3%
- \ N, +mult, g-region (1/180) | 3
0.035F RN O N, +mult+charge per track, | - .
F 5 g-egion (1/180) E With knowledge of the
0.0255— : ay - _i avera_lge s_pace—charge
00f NG e E density this leads to
- . ~=-H.._—- )
0015 Ty ) e g = Max + 6mm residual
0.01F T L distortion in r
0005 o | | E Max + 2.5mm residual
0"——"75000 10000 15000 20000 distortion in rg

lon pileup events

Space-charge fluctuations are dominated by event and
multiplicity fluctuations

Sets constraints on the update interval for the final calibration:
O(5ms)
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Continuous readout %

Implications and treatment of space-point corrections

Space-point reconstructions requires
Drift-velocity, v,=(0,0,v,) (ideal case — no distortions)
Drift-time,  t;=t4,—{,

Fo=(x.,¥.,z..—Vvsty) — NO distortions

In continuous readout mode, t, not known a prior|

Distortions treated as effective corrections

?CIS:(XFO !yro ’ Zro)+g(xro ’yro ’ Zro) — reqUireS tol
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Tracking approaches %

Straight forward reconstruction

TPC drift time

TPC drift time
to i o4 +100ps

Scan all ¢, in current TPC drift time — external detector

Apply SCD corrections to all clusters

clusters from central interaction will be corrected properly, others are
background)

SCD corr. applied multiple times — Computation issue
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Tracking approaches %

TPC standalone tracking

seed i
A drift

{roc

extrapolation

z=0 ‘,.-':'?.'\,-n .o z, time

| e
'Interaction point

Seeding in region with small distortions (ad-hoc SCD cotr.)
Extrapolation to x=y=0 - t estimate: better SCD corr.

Track following — Modify search road with SCD estimate

Clusters corrected once (fast)
TPC only information (robust)
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Intrinsic performance

Space point resolution

A | L GEM 41?.5 EE-:r.:132 cm L GEM 511 D 135.:".:193 cm L GEM 511 5 193-:r-:24? cm
=012 " * MWPC 4x7.5 * MWPC 6x10 * MWPC 6x15
01f ., "
B - 2 -
5 . . ] L
0.08 .
L . -
L - -
- L L]
0.06 *o . .
»
i . & ™
0.04 . .
[ »
0.02|
ﬂ- 1 |||||||||||||--|||||||||||||||||||||||||--|||||||||||||||||||||||||-
] 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
z(em) z(em) z(em)
. o32UD90E,

Optmised ~ad ~esponse ~unction for MWPCs

PRF of GEMs very narrow — diffusion helps to
spread signal over several pads

Slightly worse overall resolution with GEMs
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Intrinsic performance

Momentum resolution

L MWPC

oniz [ o TPC only tracks

o | —=— TPC constrained tracks
r;.'_. |j_|:|-|_—- —0— TPC+ITS combined tracks

#.ngi.l...lu.l...l.

C'J:]CIE-_—

0.006 _I:] s —Dq_n_rn—nrn—n—-ﬂ—‘ﬂ‘_m_—n—rn—‘u‘_ﬁ_—m—hn_

D_Dﬂd_— ##‘D:

P :E::!_;!fgéﬂ—’—!—‘!: __
. R i
D_|||||||||||||||||||||||||||| FEREE REERERRERINEER]
0 005 01 015 0.2 025

111
03 035 04 045 05

1/p_(GeV/c)

0.008

0.006

0.004

0.002

0

C GEM

| —o— TPC only tracks
—a— TPC constrained tracks
—— TRCHITS combined tracks

0 005 01 015 02 025 03 035 04 045 05

1p_(GeVic)

Full detector simulation (central Pb-Pb event)
Slightly worse resolution of TPC only tracks (space

point resolution)

Resolution restored matching tracks to the ITS
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Performance with pileup

dE/dx resolution

PP e e B B e | — | — ] w D.0BS T .

s [ . D - ]

o - e X ] . - e T .

w008 e K — B 008 * K —

L o p L} 3 L o p 3

0.0751- g : - 0.075— 3 {’ ;l[] =

- ] - ! i -

007 4 3 ¢ \ -~ 007 4 g g 3

= i. - = -

n § . n ' # .

0.065— . ] 0.065— L] ]

I 4 I ]

0.06— — C'.DE;_ ]

i . N ’

D.CIEE: —: D.DEE:— _:

- - ‘_ -

nE ] u ]

0.05 dEfdx resolution for central events; — 0.05 dE/dx resolufion for central events; —

- MWPC Arrows indicate values for pp . - GEM Arrows indicate values for pp N

D.':|45_ (A AN N N T N NN T TN T A N A N NN NN M M G.D-I'J-E_ c oy v b by by by oy oy by T
20 30 40 50 60 70 20 30 40 50 60 70

Interaction rate (kHz) Interaction rate (kHz)

Moderate worsening with increasing pileup (cluster
merging)
No difference between MWPC and GEM system
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