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Motivation

Figure 1 Distorted (blue)

General Goals and corrected (red) track [2]
o Track reconstruction

RN, T T —

o Particle identification \\TRD :j ! /;

o Momentum p, pr
o Energy loss dE/dx

= Best possible resolution

As a consequence:

o Distortion calibration
better than intrinsic
resolution
¢’ 1 mm (single space point)
¢ 200 um (tracklet)
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Motivation

pr Resolution
Gluckstern formula (for high pr tracks):

pPr eBol?\ N.g+ 4
L: Projected length of the track on the bending plane
Nege = Nooint* # equidistant, uncorrelated measurement points

ALICE TPC: Npoint=159
No multiple scattering

pr (1)

res

BUT:
o Distorted space points are strongly correlated
= Need a high(er) space point resolution for a given pr resolution:
. Opoint . 0.1cm o
ALICE TPC: =2y — S8 2 150 um
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Motivation

Space Point Correlation

X ‘o 4l
&\\ © F_/. ® 2 ‘%
63%)&)@ f— Pon 35V
e::g" : :
\ @/ distorted *.}
. o ) tracks
Figure 2 Sketch of space point
correlation due to space charge [3]
9 Pion = <P> + 0y
°0,: O =+ 20% Figure 3 Mc.)difie.d mean
trajectory (solid) with fluctuations
(dashed)
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Motivation

Precision Requirements

@ Correction for distortions down

=

to intrinsic resolution

Precision criteria:

Odist < —=——=
Neorr

Example (line charge RUN2): A
Ocluster = 1 Mm

Noai
_ point ___ -

= Ogist < 225um >
Figure 4 Visualisation of

Neorr strongly depends on source jstortion distribution

of distortion (Cauchy)
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Static Distortions  Langevin Equation

Motion of Charged Particles

Langevin equation (effective theory):
di - LB -
mE—eE—i—e(uxB)—Ku (3)

Static solution % = 0:

LN o
u—mT 1+ w?r? wT
ALICE TPC:

K: friction parameter wT = 0.3 fore”
T=m/K wT ~ 0 forions
w = qB/m — lIdeal case: E || B, ELS

wT: detector specific (Ex B=0)
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Static Distortions RUN 1

RUN1

2005 - 2013

o Interaction rate: & 100 Hz (Pb-Pb)
o MWPC readout
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Static Distortions RUN 1

Field Cage

QUTER FIELD
CAGE

EB ELS
Strips with
decreasing
potential

Minimise E field
inhomogenities
due to boundary
effects

T /
| Y./| “ENDPLATE
| /
| 1

o Physical models

Figure 5 Sketch of the ALICE TPC of d'St(')rtlonS on
field cage by D. Vranic [4] next slides
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Static Distortions RUN 1

Static Distortions and their Calibration

o E field inhomogenities at the boundary

o Mechanical misalignment of the CE

©

Field cage misalignment

©

B field inhomogenities
o E x Btwist

Calibration

o
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Static Distortions RUN 1

E Field Inhomogenities at the Boundary
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Figure 6 Sketch of the working principle of the field cage by D.
Vranic. Remaining inhomogenity depth & ~ e 5. A =270mm (4]
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Mechanical Misalignment

(idoal)

P e N @ Mechanical misalignment =
E field distortions

0 O 1mm misalignment

— ¢ 1mm distortion:
\ FitBoundary |

drﬁi [em]

2005
180F
160F
140F
1205
misaligned FC r

1007

Figure 7 Sketch Of a CE -250-200-150-100-50 0 50 100 150 200 250-0'0

. . . . z [em]
misalignment scenario. CE shifted
by 1mm [5] Figure 8 Resulting dr¢ [6]
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Static Distortions RUN 1

Field Cage and Rod Misalignment

[ FCVoltError3D

= 250,

g g
;lﬂﬂ E
Rod 150 5
Strips
(ideal) Rotated clip
A A i}
=200 - w_i
150 o g-
I | 100 0.2
; 5::: -0.4
Shifted Rod & Strips Shifted Copper Rod ;i ¢ e
h -0.8
-150|
Figure 9 Sketch of different rod g i
. . . - -15-95" <200 -150 -100 50 0 500 10 150 200 250 -2
and strlp mlsallgnment scenarios x feml
(5] Figure 10 Resulting r¢

distortions [6]
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Static Distortions RUN 1

Shifted Rod and Strips

FCVoltError3D

2250
E

2200
-

150

100)

50

0

-50)

-100)

-150]
-200

230507200 -150.-100 50 4 50 100 150 200 250
x [em|

_m\ FCVoItError3D B
Figure 11 Shifted rod and strips o - f
scenario [6] Y od
o 20° gap between rods o L N
AN ~ 2 i
: dr()(f ° Ldrift ~ 8-3Ar0d 230552200 150 -100 50 0 50 100 150 z;ullmﬁn -2
© Ag € 100pm — Figure 12 Resulting r¢
0’1 mm distortions distortions [6]
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B Field Inhomogenities

0 Axis of the magnet - TPCEBShape -
slightly shifted from ;E M
centre ° "

= Causing B field E N

inhomogenities in active g
x fem|

volume \ TPCExBShape
B o7 5
o B,#0 "
B 100) s
o g "
Z 50 03
B, -
o~ 1%, wr =10.3 i
Z 2200 ot
at r*:120_150 cm 505" 500 Si50 1o —%0 0 S0 100 1S 200 250 0

xfem|

© 1% -0.3-250cm ~ Figure 13 r¢ distortions due to mag.

0 0.75cm field inhomogenities [6]
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E x B Twist

FitExBTwist

2550 200 150 -100 50 0 50 100 150 200 250
X [em|

FitExBTwist

.

dr;%n fcm]

-

B parallel to E (ideal) E“"';*Z"Q"gg:
and B vectors

__——’4—__—' a‘é’ :iﬂsn 2200 -150 -100 -0 0 50 100 150 z:u:“élm .
Figure 15 dr¢ due to E x B effects.
O 1mrad - wT - 250cm — ¢ 0.75cm [6]
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Figure 14 Sketch of
E x B for ALICE[5]



Calibration (RUNT)

AR (z=10 cm)

A Rd) (z—-locm)

drphi |em]

250200 15H100-50 ) S0 100 150 200 250
X [em]

AR (z=10 cm)

6

Y200 150-100-50 0 50 100 lsozlmzw

-25 8
50200 150-100-50 0 S0 108 150 260 250
X [em]

Figure 16 Composed correction

maps for RUN1 based on physical
models [6]

Qo
Qo
Qo
(%]

Assumptions:
Distortions commute
A - Zi l(,'E,'

Distortions stable in time

BUT:
Not directly observable

Set of unbiased
observables O

detector matching
invariant masses

cosmics

Zi ki O,
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RUN2

2015 - 2018

o Interaction rate: &' 10 kHz (Pb-Pb)
o MWPC readout

Pascal Becht TPC space point distortions
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Observations for RUN2

o First high
luminosity data of
RUN2

o Large distortions
up to £2.5cm

o Distortion well

| P —— Radus

13 3 R localised at sector
$ 5 é som boundaries

Readout rate 257 Hz
Anode voltage 1345 V.

€
13 ToV .-‘
kS 4
3
“ g

2

5 ] 2 &
7RG sactar

Figure 17 dr¢ distortion hot
spots at IROC boundaries [7]
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Dynamic Distortions ~ RUN 2

Expectations for Ar-CO2 (RUN2)

r(cm)

600 kHz, pp Kollisionen
bs E

% .

g 240
5 by

=250 -200 -150 -100 -50

0 50 100 150 200 250

=250 -200 -150 -100 -50 ]
z(cm)

3
50 100 150 200 250
z(em)

Figure 18 Expected drift field distortions for RUN2. dr (left), dr¢
(right). Distortions smaller Tmm in most parts of the volume [2]

Highest track density in the middle for small radii:
dr up to 5mm dr¢ up to 2mm
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Dynamic Distortions

Space Charge Generation

% l ——— ROCs

Figure 19 Sketch of space
charge generation.

Mion/:ue ~ 1000 [3]
Sources:

o Backflow from gas
amplification in ROCs

o Primary ionisation

Central Electrode

RUN2:

Higher space charge
accumulation

— higher distortions

[NecO2N2/ Harcoz R 2
Prim. ionisation:
RUN1 RUN2
13cm™! 26cm™!
Higher luminosity in
RUN2

flux

dE
7 T dx Tsource ~ Pion ™~ A
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Dynamic Distortions ~ RUN 2

Measurement of Distortions (RUN2)

Reference track

from ITS-TRD-TOF True
interpolation cluster
dl"(p position

\ “\,j measured
\‘\ s ““j,‘\.“‘ cluster 6Y
Figure 20 Sketch of distortion measurement in RUN2 via reference
detectors ITS, TRD (now operational), TOF [2]

Distortion vector:

(dr, dro, dz)
Y = dr¢ + dr - tan(o) ¢ : local inclination
0Z = dz + dr - tan()\) A : dip angle
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Observations for RUN2

o First high
luminosity data of
RUN2

o Large distortions
up to £2.5cm

o Distortion well

R %o :
13 E gt localised at sector
+ . §\ é ez boundaries

o = Source?

Figure 21 dr¢ distortion hot
spots at IROC boundaries [7]
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Dynamic Distortions ~ RUN 2

Dependence on the Drift Length

- 4 - : .
E [ [Rofmax distortion Run 255074, IR = 573 kHz
S S | . Sec=19 Sec=39 + Sec=59 Outer field cage L Co.gap
T 5L .| = Sec=89 v Sec=15.9 =« Sec=19.9 4 \ ‘ aond
| leadout
= Sec=208 - Sec=3s | +>{\ chambers
oy ; i \-,:"é,::’_} \)ﬁ/ \
e : i . il N
b ; : s . j\. L
E ; Central v
=3 i H * Erechode Inner field
F m . Endplate cage
4 ; ‘ *
N .
-5 i I [ 1 [ Lol
01 02 03 04 05 06 07 08 09
1 T azr
Large drift Small drift

Figure 22 Drift length dependance of the distortions [7]

Linear dependence discovered
= Columns of positive charge drifting from ROCs to CE
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Dynamic Distortions ~ RUN 2

Origin of Space Charge

High voltage
Electron drift lines electrode
§ E 1.5 Sector boundary 9.0
§ ;é £ Cover 0V - slope 0.403
Wil sa N 1;Tover 60V - siope 0.492
{r electrode 0.5 Cover 240 v - slope 1.298
Gating grid ;
) 0
Cathode wires =
Anode wires 0 5:*
e | — . plane “F
I 1=
~15p
e A 1
Veover =0V S 2 A 0 14‘, (cm)%mzwa%v
Figure 24 Cover voltage
dependence of the distortions [7]
I . |

Figure 23 £ field simulation at = First indication that distortion

sector boundary by M. Ivanov [2] ©riginates between sectors
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Inside or Outside Gap?

occRatio:padrow:relPos {abs(posEdge)<3.0&&abs(fsector-20.0) <18&sector<36} ]

Arg icm)

Figure 25 Occupancy studies to determine location of space
charge source [7]

0 Increase of occupancy close to distortion hotspots
= Measure derivative of distortion with sub-pad granularity
= Centre clearly inside the sector gap



Dynamic Distortions ~ RUN 2

Analitical Fit Model |

o E field of infinite line
charge with uniform o -{\T/'
density A

A A = charge per unit lenath

o E(A)) ==+
(&) 2melAr Figure 26 Scheme of Gauss’
Law for infinite line charge [7]

()
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Analitical Fit Model 11

— RO

(ryr) = Z(r— —|—(rgb R®;)2+ AO?
£ (r. 1) XN: (ré — RO\
r r7 r —

’ i=0 (r—R)?>+ (r¢ — R®;)? + AO,-Z

dr = LdErift(E, — wTtE,y)

Larift
dro = (E,y — wTE,)

AO: finite radius size parameter (0.1cm)
Layige: drift length
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Dynamic Distortions ~ RUN 2

Individual Fit Sector 9

[ e — [ ——) [—————— =
8 5 F F 5
F Deta - Line charge it Deate-Fit 8 :;
2 ) - 6 \%
o B! 4 <
1 E =}
T e 2 9
0 S [ N ﬁ“%,d.a-“’"g s 9
-1 T -2
5 1 1 —4
- E E -6
-3r 1 1 -8
ey TR PP R P IITI = I L 1 1 I L L T T NI ] —
g e et 3 [P ——— [ g s o “.‘!E
= h h e . 8 =2
- Sector=9
° 2k + - Q=2021:027 6
< R=11383:0.07 (em) %
1= e T T R4=0.02:0.05 (em) 4 3
[ we=035-000 > g
Of =z =
1= -2
ol —4
B ; ] -6
R TN U IORTSNUTOTTUTTINT SRUTITINTIRTIIN o
80 80 10011012013014015080 90 100 110 120 130 140 15030 80 10011012013()'140150

local X (cm) local X (cm) lacal X (cm)

Figure 27 Line charge fit results for AR (top) and AR® (bottom);
sector 9. Data (left), Fit (middle), Data - Fit (right) [7]
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Dynamic Distortions ~ RUN 2

Individual Fit Sector 6

[ T —— [ ——— [— ) =
S 3- - L g
e Data . Line chargo it DataFit 8 =
. : ’ 6 %
4 Qg
o
28
0
—2
4
| 5
8
o — [ ————— 7 [e— ]}
K T | B
g2 £ 1 aereors 6 2
< . R=108.43:0.05 (6m) B
1T T R=0.1420.05 (cm) 4 qg
o £ &"fj e Aoy 2 o
= =]
1 L 0 —
1 2
_o- E |,
_3C ha F 6
-4 i | | | | | | a3 8
L o L bl s
80 90 10011012013014015080 90 100 110 120 130 140 15030 90 100110120130140150

local X {cm) local X (cm) local X (cm)

Figure 28 Line charge fit results for AR (top) and AR® (bottom);
sector 6. Data (left), Fit (middle), Data - Fit (right) [7]
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Dynamic Distortions ~ RUN 2

Fits of Distortion Location

E [ seciorz E sector 4
| Rp=0-11-{cmy =008 {em)
g °% =mr gt
= 0.5
E 4
i3 L
2%
§ .2 sector 6
& "3 =008 (cy
% 0.5
3 03 R St
= s
sector 9
=017 (o) -

o sector 19

1;240:26 fom

sector 30

Ag=+0:04 tem)

T

sector 35

Gl = /\§ =-0.03 ’cm)
g

hot spot rg {cm)  hotspotry (cm}  hotspotrd (cm)  hol spol 1y (cm)

Figure 29 Results of position fitting of space charge in r¢ for
different sectors over 1 month Pb-Pb data. 0 cm = gap [7]
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Dynamic Distortions ~ RUN 3 (expectations)

RUN3

starting 2021

o Interaction rate: & 50 kHz (Pb-Pb)
o GEM readout
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Dynamic Distortions ~ RUN 3 (expectations)

GEM TPC Upgrade

1.25mm
Gating Grid o o © o © © o o

2.5mm

Cathode Wire Grid o o o o
25mm #

Anode Wire Grid — ~

Pad Plane —

GEM stacks. e =~ 0 — ¢ = 20 [2]

o Large ion backflow
(IBF) expected

_ lOnS
€=20 prim. e~ 0
O Psc = ion(1 + 6) Figure 31 Simulation of ion

backflow in a GEM [2]
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Expected Distortions in RUN3

dr (om) for Ne-CO,N, (80-10-5), 50 kHz, ¢ =20 d(rg) (cm) for Ne-CO, N, (90-10-5), 50 kHz, « = 20

.

-250 -200 -150 -100 -50 0 50 100 150 200 250 -250 -200 -150 -100 -50 [] 50 100 150 200 250
z(cm)y z(cm)

Figure 32 Expected distortions in r- and r¢-direction [8]

Pb-Pb, 50 kHz, € = 20 (pp factor 5 less) :
o drupto~20cm
o dr¢ up to~ 8cm

= Final calibration to ¢'1073 (200 - 500 um)
N ey iy 6201854/



Dynamic Distortions ~ RUN 3 (expectations)

Space Charge Map (RUN3)

Ne-CO,-N, (90-10-5): 50 kHz, ¢ = 20

o Parametrised
charged particle
density distributions

o Plus symmetry
assumptions

= psc(r7 Z) - a—lizd—kce

15<d<?2

©

Figure 33 Fitted average space
charge density for RUN3. Step due to
background from muon absorber at
C-side [9]
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Dynamic Distortions ~ RUN 3 (expectations)

Distortion Calculation

Space Charge distribution Space Point distortions
p(r,0,2) (Ar, Ad, AZ)

LAPLACE Field Distortions LANGEVIN
equation (AEy, AE({): AEz) equation

Figure 34 Basic principles of calculating the space point
distortions [10]
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Dynamic Distortions ~ RUN 3 (expectations)

Space Charge Density Maps

EY

g
.. (Ol

o

58 &8 8

250 -200 150 100

T ...t TRIN)
*50-200-150 100 50 0 50 100 150 200 250
x (cm)

(em)

¥ (cm)

Wl

jx:é}%&isﬁ&ﬂ@s |

B

50 100 150 200 250
2 (cm)

.......... Lol o
50 0 50 100 150 200 250
* (om)

(em}

E T
55806150 100

Figure 35 Space charge density maps for different pileup scenarios.
8000 (top), 160 000 (bottom). [9]

= tarift == 160 ms — pileup of 8000 events
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RUN 3 (expectations)

Distortion Maps

¥ lem)
g &

d(re) (em)
d(re) (cm)

150

200 F

_2555:0 T ETETATT Minee oo I

Figure 36  Projection of r¢ distortion maps close to CE (z ~ 10cm)
from 3D space charge map normalised toe = 5. B=0T (left) and
B = 0.5T (right) causing E x B effects [9]
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Dynamic Distortions ~ RUN 3 (expectations)

Contributions to Space Charge Fluctuation

Pb‘Pb, 50 kHZ, € = 20: Q Space Charge
@ drupto=20cm fluctuations ~ 3%
?05 dre upto~ 8cm o Dominated by event
O E T ‘ 3 . o e
Rooar 8 cratoamete e, and multiplicity
3 Nt (e |3 fluctuati
0.035; \ AN [m] 1multjcnargepertrack é uc ua‘ lons
E i\\ '3\\ ¢ Segion (1/180) e
0.03F . 3 . .
0,025 . I a 3 ¢ KnOWIng Pav*
0020 % Twlie e N Max. =6 mm residual
0.015F- S P . .
o0t e dist. in r
00051 B .
T S Max. £2.5 mm residual
5000 10000 15000 20000

lon pileup events dlSt. ln r¢
F'gur.e 37 Different = Sets constraints on
contributions to space charge

fluctuation [8] update interval of p,,
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Dynamic Distortions

Fluctuation Impact

RUN 3 (expectations)

T s T

s O45E Distortion due to time delay for correction map.

57 04f- 125kHz ion pileup = 2000 3
035 E:
03f 3
0.25F -
02f o

BC3
n1sf- e
= —m
0l o -
i e S
00sf- a3

< Distortion due to time delay

£ for comection map ns0em
25 kHz fon pileup = 4000 = 4e=%0em
3 =4,-48m ]
v *a=l6em
3 o
L o5
=
3 = —= :>
E-S —u
.
E e, E
R S, R

T
B Az=1120m

L Distortion due to time delay for correction map 1
5 04L 37,5 kHz ion pile-up = 6000 E:

L 50 kHz, ion pile-up = 8000

I Distortion due to time delay for correction map

Figure 38 Estimate for update interval
by shifting the SC map in z-direction [8]

Pascal Becht

—

TPC space point distortions

Already shift by
16cm=10ms is
significant
Required update
time: = 5ms
Instead: ALer
correction +
residuals

(pad current

measurement)
N aﬁref i
AN g ——0p!
f ,- 5P§C Psc
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Conclusion

Conclusion/Outlook

o Static distortions well understood

o Observations made during RUN2 well described by
analytical model of line charges

o For RUNS3 still some work to do, but on a good way
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Backup

Dependence on Interaction Rate (RUN2)

50 2015 Pb-Pb s £ 4f 2015Pb-Pb
sE - s
sd IROC C02 3 35— IROCCI2
[ 3E
3 25
u o
r el 15F
- L I £ )
1 f’f positive B-field F positive B-field
r = negative B-field 055 negative B-field
C L L L ] i I L | L Il E = L L 1 il T L i 1 L
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 186
Relative IR Relative IR

Figure 39 Saturation of distortion towards high interaction rate [2]

= Primary e~ are deflected such, that they wont reach
regions where they cannot create further space
charge
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Backup

Flux Dependance of Distortions

£ 1.8E Sector 4
: ector -
£16
o 1.4 .
T 1.2
1 .
0.8
0.6
0.4 o
0.2 " o
00 200 400 600 800 1000 1200

II:lpp equivalent (kHZ)

Figure 40 Exponential dependance of distortions from flux. 2017,
pp, Ne-CO2-N2 (blue), 2013, pPb, Ne-CO2 [3]
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Backup

Occupancy Approach

Nei(Vprife = 400V/em) _ Larift
Ne(Vprige = 0V/em) ! Lywpe
] m m 60 =

~ 0(200)

occRatio

18
fsector

Figure 41 Cluster occupancy ratio with closed gating grid (GG) of
different sectors 7]

o GG is 100% transparent — Occ. ratio &' 200
= No increased occupancy at gaps observed
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Backup

CE Approach

I % - CEQralin: e!os
241601_LASER.CEGmean:gy:gx {(sector/18)%2==0 } & :
250 e s & °F ;*m"mROC 5 ROC 6
; a5t BE- rowzs a,-05u0ns)
5E
40 4E
3E
351 oE
300 ‘_ - . :
a2 9L CECraliorefod
20 E :— :ncln bo.ru:n-yson
=2
o GE Senst
151 4: oW 8 8, 0424062 (om)
E rova a-odnan oe) i
100 3 et
50 : 5
E 1 i
2355 200 -150 100 -50 0 50 100 150 200 250 ° 0B e

Distance to sector boundary (cm)

Figure 42 Laser scan of Central Electrode (CE) [7]

o Isotropic laser ligt to liberate e~ from CE
o lons depositted on CE decrease its work function
= Centre of gravity at sector boundaries
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Backup

Individual Fit Sector 9

A rd(cm)

Figure 43

[7]

Pascal Becht

4 ;A r¢ at sec. boundary 9. © bin 0
E —=— Ar¢=-25.0 (cm) —=— Ar¢=-15.0 (cm) —— Ar¢=-5.0 (cm)
3 = Arg=5.0(cm) — — Ar¢=15.0 (cm) —=— Ar¢=25.0 (cm)
1= ) .
e
7)‘_\__.__.\" ‘fl’m
1 w
of
. Ro=-0.33 (cm) R=114.29 (cm) Q=18.09 (3.u.)
90 100 110 120 130 140
local X (cm)

Results for sector 9. Lines are simulation results, no fit

TPC space point distortions January 19, 2018
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Backup

Position Fits for R-position

£ :E Bz polarity 4,=0.08 (cm) Bz polarity
|
= s
L

-1

25
H 2 Ap,=0.28 (cm) Bz polarity

g s s

0.5

Y=
e &

i
W

sector 9

Bz polarity

£
£ 15
g .4 5
. g
B T
23 =
g 2 sector 19 Ag,=-0.26 (cm) Bz polarity - sector20  A,,=0.29 (cm) Bz polarity
RN =
3 08 L
-05] =
2 3
15 =
B !
3 "g sector 29 Agy==1.02 (cm) Bz polarity - sector 30 Ap=-0.04 (cm) Bz polarity
g 1
3 08 3 -
g 0 ]
2 of
5
2 =

sector 31 A, =0.48 (cm)

sector 35 A, =-0.03 (cm) Bz polarity

Bz polarity
SEES ik o

. 5

Figure 44 R-position fits. Segment 29 shows different behaviour

[7]
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Backup

Luminosity Dependence of Space Chage Density

Sector 2

charge density (V)
charge density (V)

Sector 6

Sector9 ) N
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LH (2] 3 23 T o o 08

Luminosity (Hz/mb) Luminesity (Hzfmb)

Figure 45 Linear dependence of space charge from luminosity for

different B field orentation and sectors [2]
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Expected Z Distortions in RUN3

dz {cm) for Ne-CO,-N; (80-10-5), 50 kHz, ¢ = 20
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Figure 46 Expected distortions for RUN3 in z-direction [9]
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Radial Dependence of Distortions
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Figure 47 Radial Dependence of dr (left) and dr¢ (right) near the
central electrode (z ~ 0 cm) for € = 20 (solid) and ¢ = 10 (dashed) [9]
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e Dependence of Distortions
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Figure 48 ¢ dependence of dr (left) and dr¢ (right) near the CE
(z &~ 10cm) and in the middle of a ROC (y = 0).
Dashed line indicates linear dependance (eye guide) [9]
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Distortion Fluctuation Model

1 O 2 1 o, 2
& = — 1 _|_ <M) + '] + < Qtrack ) (10)
MSC \/ NII)(I)II;UP ILLNmun FMNmult ’LL Qtrack

1

Niqn
\/ "'pileup
Mt 25 1.4% RMS of multiplicity distribution

H Nrult

~ 1.1% fluctuation of number of pileup events

O . . . . . . .
uztﬂ ~ 1.7% relative variation of ionisation of single track
track

F: geometrical factor decribing relevant regions for space chage
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