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ALICE detector at the LHC

ALICE

Time Projection Chamber

Inner Tracking System

Runl:
Pb-Pb at 2.76 TeV
(2010: 10 pbt, 2011: 150 pb?)

p-Pb at 5.02 TeV

pp at 0.9, 2.36, 2.76, 7, 8 TeV P

,'.
4 v c) by St. BRosseqaner

Transition Radiation Detector
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ALICE TPC
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TPC-TDR (2000): designed for charged-particle tracking and dE/dx measurement in

ALICE

Active volume ~92 m3
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Run2:
Ar-CO, (90-10)

- 2x 18 IROC
- 2x 18 OROC

il Il “‘! -
CENTRAL HV
ELECTRODE

INNER FIELD
CAGE

pad sizes:
- 4x7.5 mm? (IROC)

- 6x10, 6x15 mm?2 (OROC)

72 MWPC-based readout chambers:

557,568 readout cathode pads

Pb-Pb collisions with dN, /dn=8000, o(dE/dx)/(dE/dx)<10%

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014




ALICE TPC performance in Run 1 %
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* momentum resolution: o(p;)/p; < 3.5% at 50 GeV/c
» dE/dx resolution 7.6% in central Pb-Pb (dN_/dn=1600!)

* readout rate ~300 Hz in central Pb-Pb, limited by electronics band width
= will be increased by factor 2 in Run2
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ALICE upgrade after LS2

ALICE

improvement of ALICE measurements of...

* heavy flavor

e quarkonia

* low-mass dielectrons
* jets

* anti- and hypernuclei

...most of them imply low p; i.e. low S/B
- no standard low-level trigger schemes applicable

Upgradem
AL|CE Expe” ment - significant detector upgrades

Letter of Intent
- new Inner Tracking System
- Improved standalone tracking and vertex
resolution
- Increased readout speed and rate capability
- Muon Forward Tracker

- electronics, trigger and readout systems
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Most key observables require TPC readout at
full minimum bias rate, i.e. at 50 kHz in Pb-Pb
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example: low-mass di-electrons
ALICE

2.5%x107 Pb-Pb (0-10%) 2.5%10° Pb-Pb (0-10%)
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e full exploitation of Run3 physics potential requires significant TPC upgrade
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example: A_ %

ALICE
§ 100 — | No TPC PID Pb-Pbﬁ =5.5 TeV, 0-20% centrality
] — o,

S gof* Degraded TPC PID(20%) _ ]
EE Degraded TPC PID (50%) L;,.=10nb™*
» go—— ¥ Degraded TPC PID (100%)
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20
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* TPCPID via dE/dx is a key element of the ALICE upgrade concept
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limitation of the present system %

CATHODE PLANE
ANODE PLANE

GROUND

ELECTRODE

PAD PLANE

Neutralised ions [%]
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20

IROC, Ne/CO, 90:10
Vg=-70V, AV =290V

ol b b by |

i PRI PRI BRI ETRT
20 40 60 80 100 1

20 140 160 180 200 220
Time [us]

ALICE

present MWPC-based readout chambers employ
a gating grid:

after 100 pus of electron drift time, the gating grid
needs to be kept close for ~200 us to prevent
back-drifting ions into the drift region

- total time ~300 ps limits maximal readout rate
to ~3 kHz

ignoring the GG closure time (i.e. keeping it open all
the time) leads to excessive space point distortion
due to space charge accumulation in drift volume.

- novel technologies required to block ions: MPGDs
- allows for ungated (,,continuous”) readout

N.B.: on average 5 events pile up in the TPC
at 50 kHz and t; .., = 100 us
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ALICE

GEM:

* micro-patterned gas detector for electron
multiplication

* proven to work reliably in high-rate
applications

 ina TPC with continuous readout:
back-drifting ions into drift space

- IBF can be minimized by optimization of
GEM geometry and field configuration

- requires significant R&D effort

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014 9



design specifications

ALICE
Main TPC performance goals:

- enable continuous readout at 50 kHz collision rate in Pb-Pb
- efficient charged-particle tracking and dE/dx resolution <8.5%

— new readout chambers (gain 2000 in Ne-CO,-N, (90-10-5))
- ion backflow (IBF) £ 1%, i.e. € < 20
- energy resolution o(>>Fe) < 12%

- new readout electronics
- continuous readout
- negative signal polarity

—> novel calibration and online reconstruction schemes
- online data compression by factor 20

- space charge distortions

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014 10



ALICE TPC Upgrade TDR

Upgrade of the
Time Projection Chamber
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TPC Upgrade TDR submitted to
LHCC in March 2014
CERN-LHCC-2013-020

Thanks for significant
support by RD51!
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TDR baseline solution: 4-GEM stack

S

Cover electrode

GEM 1 (5) s S = k

GEM 2(LP) e S o {2 e

GEM 3(LP) i . i k2 m

GEM 4 (S) o S e {2 m
e E.. e '2 mm

Pad plane I

Strong back

Baseline solution (S-LP-LP-S)
employs standard (S)
and large-pitch (LP) GEMs

Ugem1<Ugem2<Usems<Ugema
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TDR baseline solution: 4-GEM system %
ALICE

e large-size single-mask
GEM foils

* one (three) per layer

ROC in IROC (OROC)

Cover electrode

—— .. ——
GEM 1 — — x
. 3 E— T

E— £ E——

Pad plane

Strong back
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IBF performance in MPGD systems

20
= SLP-LP-S
- S-S-LP-S
L ) - S-S-LP-SP
- = S-LP-LP-SP
16 - = 2GEM+MM
< 14 P e m
X, W Ne-CO,-N, (90-10-5)
o O ain 2000
S’ 12 ] T ! .l.' ) l'.lx.-.. | g ]
» ] - .
10 . .
8
6
=10 =20 €=30
0.0 05 1.0 1.5 2.0
IBF [%]

ALICE

see presentations by

Piotr Gasik
Nikolai Smirnov
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ALICE

Detector Performance

- Intrinsic performance GEM vs. MWPC
- Performance with pile-up

- Space-charge distortions

- Online tracking and calibration

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014 15



ALICE

Intrinsic Performance
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intrinsic performance: position resolution
ALICE
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Preserve present pad sizes and rectangular shape (optimized for occupancy)

- resolution with GEMs is slightly worse due to lack of Pad Response Function:
* more prone to fluctuations
at short drift: one-pad clusters (but mainly |n| > 1)
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intrinsic performance: cluster size

cluster size (cm?)

2.5

0.5F

e MWPC4x7.5
= MWPC6x10
4 MWPC6x15

GEM 4x7.5
GEM 6x10
GEM 6x15

>

80

7100 120 140 160 180 200 220 240
r(cm)

ALICE

Lack of PRF in GEMs reduces
average cluster size (i.e. occupancy)
by 20% wrt. MWPC
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intrinsic performance: momentum resolution

Simulated central Pb-Pb events at 5.5 TeV: full MC, no pile-up

7\ 1T ‘ TTTT ‘ TTTT TTTT TTTT TTTT TTTT TTTT TTTT 1T \7 - TTTT ‘ TTTT ‘ TTTT TTTT TTTT T TT T TT T TT T TT T 1T
0.014/— . ) - ]
~ MWPC 1 3 %™CGem i
i i [0 B ]
0.012|~ —o— TPC only tracks | O o012~ —— TPConly tracks _
| —=— TPC constrained tracks ] & | —=— TPC constrained tracks ]
0.01 | —O— TPC+ITS combined tracks _] D‘\‘ 0.01 | —O— TPC+ITS combined tracks 7
0.008 - g 0.008 w o s by _q’_-ﬂl:- 3]
i - -~ 'n'-n: =¢--ﬂ-_u_ -D--a- A B
0.006— _D_-D--D-D—D-D—D-'D'-D- oo g 7 0.006 N 7
B i B ——
0.004 = 0.004— - B
L —0-1TH L -8 N
i T B i L e iy i
- _— - e g
0.002 fm—u—u—"" -|:|-. - — 0.002— o —
L _n_.n. ] - _D_-D- -
ﬂ—-n- _ _n_'n' -
0 7\ 111 ‘ L1l ‘ L1l ‘ L1111 ‘ L1l ‘ Ll ‘ Ll ‘ L1l ‘ Ll ‘ [ 0 k\ 11| ‘ 111 ‘ 1111 ‘ 111 ‘ 1111 ‘ 111 ‘ 1111 ‘ 111 ‘ 1111 ‘ 111 \a
0 005 0.1 0.15 0.2 0.25 0.3 035 04 0.45 0.5 0O 005 0.1 015 0.2 025 0.3 035 04 045 05
-1 -
1/p_ (GeVic) 1/p_ (GeVic)'

 TPC standalone: GEMs slightly worse than MWPC
* Global tracks: same resolution for GEM and MWPC
= will be further improved by full TRD (Run2) and new ITS (Run3)
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intrinsic performance: d£/dx

400

300

IROC GEM foil at TUM lab 200

100

o

* Same resolution in GEM-based readout chambers as in MWPC
e Confirmed in PS test beam with 3-GEM IROC prototype
 4-GEM IROC prototype tests planned for 2014
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ALICE

Detector Performance with Pile-up
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pile-up studies: tracking efficiency %

ALICE
Simulated central Pb-Pb events at 5.5 TeV: full MC, with pile-up
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pile-up studies: momentum resolution %

ALICE
Simulated central Pb-Pb events at 5.5 TeV: full MC, with pile-up
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pile-up studies: dE/dx resolution

Simulated central Pb-Pb events at 5.5 TeV: full MC, with pile-up
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» Slight deterioration as function of occupancy due to cluster overlaps
e Similar dependence on multiplicity in MWPC and GEM
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ALICE

Space-charge Distortions
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mobility (cm?/Vs)

ion mobility

e €O it N

SR TR U A S T T O O
ez P AR pureAr ]

002 |nAr-CO CO2 in pure CO;|

0 01 02 03 04 05 06 07 08 09 1
CO, fraction

ALICE

mobility of CO,* in Ne-CO, (90-10)
happens to be very similar to that
of Ne* in pure Ne (?) (Blanc’s law)

- TDR space charge estimates based
on W, =4 cm?/Vs

- measurement is needed
RD51 common project being defined:

Coimbra, GSI, India, Bursa (Turkey)
+ Budapest, Bratislava
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space charge distortions %

ALICE
50 kHz Pb-Pb, Ne-CO,-N, (90-10-5), gain =2000, IBF = 1% (& = 20), t /"= 0.16 s
- ions from 8000 events pile up in the drift volume
dr(cm) drep(cm)

€
S 240
—

220

25 E
S 240

220

200 200

180 10 180

160 160

140 140

100

100

-250 -200 -150 -100 -50 0 50 100 150 200 250

-250 -200 -150 -100 -50 0 50 100 150 200 250
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* atsmall rand z distortions reach dr=20cm and drep =8 cm

* corrections to a few 102 (500 um) are required for final resolution
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space charge fluctuations: magnitude %

ALICE
o. 0.05¢ N T [ ]
M—SC - |§]\ Relative fluctuation of space charge H
Fluctuations are due to: 000457 o Events e
- the number of events per time interval ~ 004F m Tracks :
R\ \\ Tracks ¢ region (1/180) "
- the number of tracks per event 0035 AN, O Qoregion (1180 1
- the phase space distribution of tracks 0.03F =
e ® E
- the amount of charge per track 0.025 . o =
0.02] e, e =
E N e e T o3
0.015 S TTTeeelllls =
2 2 — S~ it l PO - i
Isc _ 1 1+ (ONMB> + 1 1+ (M) 0.01F haaa D U : —
Hsc [Nion KNy F:uNMB HQtrack - T o __J
V ©pu 0.005 =
O:I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 :
5000 10000 15000 20000
events

e Space-charge fluctuations are dominated by no-of-event and multiplicity fluctuations
(~2% for <N>=8000)

* the required precision is 103
- fluctuations need to be taken into account for distortion corrections
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space charge distributions %

projections are shown in small slices ALICE

8000 evs in zand ¢, respectively
o x10°
o Y | 70 ©
E o2 E 240 &
& 200k £ & £
> C O > | ©)
- o 220 60 <
- (o} | Q
= |
- —150 200 50
- |
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- 140
= : 20
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C I
_25 CLi11 I 1111 I 1111 I 1111 IIIIIIIIIIIIIIIIIII 0 E L1 O
2250 -200 -150 -100 -50 O 50 100 150 200 250 -25 0
X (cm) z (cm)
X V4

Study of space-charge distributions and variations in space and time based on real
Pb-Pb raw data

In Ne-CO,-N, (90-10-5) at 50 kHz, 8000 ,,ion events” pile up within 160 ms
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space charge fluctuations: residual distortions %

ALICE
’é\ T T 17T | T TT | L | T TT | L | T TT | T T | T 1T T]
o 0-4:_ Space charge correction fluctuation in rg - = Simulation:
& - ® 50 kHz, ion pileup = 8000 n ; :
S 035 | 575 kHz, ion pileup = 6000 . - assume space-charge map with fluctuations
0.3F = 25kHz ion pileup = 4000 3 for track distortion (map from real raw data),
"~ = 12,5 kHz, ion pileup = 2000 = . . .
E 1 but time-averaged map for correction:
0.25 " " —
- - u ]
0.2F = = 1 -significant residual distortions remain (few %)
E - [ - ]
0.15¢ ' " 7 - note asymmetric patt
- . ] ymmetric pattern
C [ ]
0.1 :— , - . . _:
- W n - —
0.05 & " E= 20 N
- " ] r
O_I 111 | 1 11 1 | I | | 1 11 1 | I | | 1 11 1 | 1111 | [
4 -3 2 -1 0 1 2 3 4

1/pT (1/GeV/c)

re
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space charge fluctuations: residual distortions %

—_ T T 17T | T TT | L | T TT | L | T TT | T T | T 1T T]
% 0-4:_ Space charge correction fluctuation in re - =
& - ® 50 kHz, ion pileup = 8000 B
©"0-35" . 37 5kHz, ion pileup = 6000 o -
- = 25kHz, ion pileup = 4000 ]
0.3 - = 12.5 kHz, ion pileup = 2000 m =
0.25F " - -
C . u N
0.2 " . s . =
E - m - ]
0.15— * n —
- = . " . .
- . | - -
0.1 :_ , - . —:
- | ] .
0.05 & " - E= 20 N
L u _
O:I 111 | L 111 | 111 | L 111 | 111 | L 111 | 111 | 111 I:
-4 -3 -2 -1 0 1 2 3

4
1/pT (1/GeV/c)

ALICE

Simulation:

assume space-charge map with fluctuations
for track distortion (map from real raw data),
but time-averaged map for correction:

- significant residual distortions remain (few %)

- note asymmetric pattern

—> sufficiently precise for
online pattern recognition

- residual correction required for
final resolution

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014 31



space charge fluctuations: temporal variations %
ALICE

€ 045 .

L - Distortion due to time delay
4

o}

0.4F 50 kHz, ion pile-up = 8000 Simulation:

use fluctuating space-charge map
for track distortion and a
time-delayed map for correction

o
w
19
I
*IIII'IIIIII

0,33— At=70ms
: At =50 ms

- —g—0—
0-25F  At=30ms 0 o E
02E At = 10 E
2 =10 ms —_—0— —m—
- —O— - —> the space-charge map can
- 00— " 3 . .
0.15 —O0— = . be considered static
- = = . :
01k e . E on a time scale of “5 ms
F == - =
0.05=g—%— P o =
L ++ -
el | | | | | | .
C 1111 1111 1111 1111 1111 1111 1111 1111

3 2 - 0 1 2 3 4
q/pT(1/GeV/c)
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X ALICE
Raw data Reference map from MC,
(zero Su ppressed) readout geometry, dead regions,
1 TByte/s known gain and IBF non-uniformities
1
20 Mbyte/event V s
Average map from high-statistics high-p; track
sample, updated several times per fill.
Online cluster finder Accounts for slow variations of luminosity and
ambient conditions. QA: Laser
3 Mbyte/eventl \
Scaled map based on the averaged map, but scaled
Online tracking €= by the ,current” of e.g. TPC signals during the
preceding 160ms.
<1 Mbyte/eventl'
e e eeeeewe—_. Permanent storage __________ e e e e —————
50 Gbyte/s
External reference ‘l' : High-resolution map contains topological, i.e. :
tracks —> Distortion calibration € === differential current informationinr, ¢ andz. |
i From TPC pad signals. i
(ITS-TRD) L .
(not yet implemented)
ESD
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second reconstruction stage:
distortion correction

14 ITS extrapolation
12F — 1/p.=1 1/p,=04

“E ——p =09 1/p.=03
TRD F 1/p,=038

08F 1/p =07

06F 1/pT= 0.6

1/p,=0.2
Z T 1/p,=05

o/ (cm)

1/p,=0.1
1/pT=0

‘ ITS-TRD interpolation —

e use external track reference from
ITS-TRD interpolation

ITS+TRD ITS
/o
o o
w B
()] w

o
B = N B
w
T T T T T T T T T

8 vl b b b b b b b b d i
o

E " 1 " " " 1 " " " 1 " " " 1 " " " 1 " " " 1 " " " 1 " " " 1 " " " 1 " "
0 80 100 120 140 160 180 200 220 240
r (cm)
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fast simulation

\
 —

drg‘(cm)

ALICE

* assume static space-charge configuration
within At_,, =5 ms = 250 minimum
bias events

* analyze residuals of TPC clusters with

respect to ITS-TRD reference

€=20

T * map residual distortions in 72,000
volume elements of size
16cm(r) x m/72(¢p) x 10cm(z)

e 2D -analysis to disentangle
dr-dr correlations:

dro’ = dro +dr-tano

w IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

-0.2

-0.1

[ R ] = e

o 0z o3  —2 extractdranddro

tan(a)
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residual distortions
ALICE

—~ T T T e L o e o o S
E i * Measured residuals 200:_ Measured - Real residuals (RMS: 292um) _:
O — Real residuals 130} {
S 160 E
~ ] F ]
© - ¥ ) i 140 f
. Lol : - E ]
0'1L 4 P P IR ‘ i L I i 120 E
o[ 10 L[ ‘ o u; » [ pill QR 1 b F n
T 5y 4 W ol oM 11 3 1001 E
02 X1l B \'I i : n ol o F ]
-2 . ‘ﬂ[ 11 e “‘ ; ||l‘ BOj -
1 1 o8 | C ]
r | I y \‘ 60 —
0.3 S F 1
- 0<z<10cm ] 4o 3
C 86<r<102cm ] 20 .
0.4 N Y N [N [ I I Y [N [ N SO N N bl e bl PP SRR AR W
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
A {dro) (em)
x10°
s R T T e S e ‘M‘ ‘d‘ "dl| L B o e s o B o
[ ]
— [ easured residuals 100 B
E L — Real residuals
O 50 0<z<10cm R i
S, 86<r<102cm ] 80 ]
© L e i [
60 —
~t 40 .
or 20 .
'0'5;\ Lo |; o"w A
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 - 0.8 1
A (dr) (cm)

¢ (sector)

—> spatial fluctuation pattern well described - residual fluctuations significantly improved
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online tracking: momentum resolution %

ALICE

'I_ _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LILELIL LILILIL |||||||||||||||||||||||||||||||||||||||||||| ||||__|||| LILELIL LILELIL LILILIL LILILIL LILELIL LILILIL LU LI IIII_
2 central events at 50 kHz
[ 002_ .......................................................
g O TPC standalone
s B TPC constrained
<) O TPC+ITS
0015 seeereees e
lll--l.l...l.lIll..l.......
1]
llll.-....
Y] | R e A C A C R CIER LR
[
o LT ]
agu
i pl l-.-
0005+ eeeeeeene g asECIEZ
-
.--_- - -
[ no distortions - residual distortions, after 1 stage {4 residual distortions, after 2”dstage:
0 AT PR T P T P P AT T A1 AN TTi A1 AR T RI SRR N1 ENENA SRR T1 ENENI FRET1 FREN1 RRET1 RN N1 FETTE INTTE FETTI FEET AT FRET1 FETT FE T IR TN ATAT
0 01 02 03 04 05 0.6 0.7 0.8 0.9 01 0.2 0.3 04 05 0.6 0.7 0.8 0.9 0.1 0.2 0.3 04 05 06 0.7 0.8 09 1

1/p_(GeVic)” 1/p_(GeV/cy' 1p_(GeVicy'

* momentum resolution after first reconstruction stage factor 1.5 - 2 worse than ideal

» practically fully recovered after second reconstruction stage
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online tracking:

momentum resolution

ALICE

< 0.035
L C C C
% - - B TPC standalone -
0] C o C - O TPC standalone
VQ*O'OS— TPC standalone €= 20 C B 1PC constrained € = 30 — € = 40
= - = | 2
o - "  TPC constrained - O TPC.ITS B TPC constrained
0.025 G 1pg.iTs - :— O TPC+ITS
C C JdE DDDDD
C L ok
0.02[— - o | i
C s Yt | o T8 o, o oo
C o = 0y e Ugmﬂgqjgunmmauﬂ% - o fatu a o
0.015[ o PP b P [0 O e *
. _DDmDDDDmDDDD L ke + +
g wif | AR L
5 L et P g ot 2t Born o0 - I s
L 'SBDEEB N
0.005— .mgﬁﬂﬂﬂﬂmﬂ central event at 50 kHz E..“.-.'E,Eﬂu!ﬂd!mmaﬂ central event at 50 kHz E...magﬁaaﬁfﬂaﬂ central event at 50 kHz
N space charge corrections, 2" stage || S space charge corrections, 2" stage || A space charge corrections, 2" stage
O||||||||||1|||||||1|||||11||| AN U N T T N T T [N YT A N T S A AN N O MO | A S N A AN O RN B A A AT A A A A R AN B AN A I
0 0.8 1.2 1.4 ; ) 0.2 0.8 1.2 14 ) 0.2 0.4 0.6 0.8 1 1.2 1.4
1/pT (GeV/cy 1/pT (GeV/c)! 1/pT (GeV/e)!
e calibration procedure validated up to € = 40
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'ime schedule

ID | Task Name 12013 [2014 12015 12016 12017 12018 12019 12020
a4 a1l afa3laslarfa2a3lasarfa2fo3/asa1lalasfas arfo2laz3aoslarla2fo3/osarfala3las| a1 nLICE
1 |81 S
2
3 |Read out chambers 4
4 R&D >
5 Design and prototyping
6 Signal cables choice ¢ 01/07
7 Detector configuration defined
8 Pad plane design defined
9 Chamber body design defined

10 Chamber bodies production
11 Pad planes production

12 GEM foil production

13 GEM foil QA

14 ROC assembly
15 ROC testing
31/12

16 End of ROC production "
17

18 |FEE L v
19 Design and prototyping ==

20 SAMPA verification

21 SAMPA final layout

22 SAMPA production and testing
23 Num. of channels per FEC defined
24 FEE partition layout defined

25 FEC preseries

26 FEC production and testing

27 CRU prototype

28 CRU production

29 Fully equipped IROC prototype

¢ 01/07

30 End of FEE production 31/12
31
32 | Service support wheel F )

33 FEC frame design
34 FEC frame production
35
36 |HV system s Y
37 HV system design
38 HV system production

39
40 | Contingency
| a1 |
42 |LS2
43
44 llation and —_— v
45 TPC on surface 5
46 Unmounting FEE and services

47 ROC replacement

48 Alignment and sealing
49 FEE installation

50 Pre-commissioning on surface
51 Reinstallation in cavern
52 Service connection
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summary

ALICE plans a significant upgrade of their TPC to enable
continuous readout at 50 kHz in Pb-Pb in Run 3

A technical solution for TPC readout chamber upgrade based on
GEMs is demonstrated in a TDR to the LHCC

R&D is ongoing to assess all technological options and optimize
the present solution

ALICE TPC upgrade project benefits significantly from close
collaboration with RD51

40



backup

ALICE
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IBF performance and energy resolution

ALICE
4-GEM (S-LP-LP-S) Ne-CO,-N, (90-10-5)
—~ 20 L B S T T
% 18 - ----------- 2%.13/5%“”4_:2385\, iff/sew“_:;ég:v i
GEM2 GEM2
el ........... ——U_, =235V ——U_, =255V

—=—U_ =285V ——U_ =285V
e Strong correlation between
IBF and energy resolution

* Operational point with
IBF < 1% and o(>>Fe) is
established

0.0 0.5 1.0 1.5 2.0 2.5 3.0
IBF (%)
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simulation: IBF in 4-GEM systems %

IBF

0.040

0.030

0.020

0.010

ALICE

0.050
0.045

0.035

0.025 F

0.015F

0.005

—e— Meas S-S-LP-S | ]
—o—Sim1 S-S-LP-S ]
—0—Sim2 S-S-LP-S |
—o0— Sim3 S-S-LP-S

—a— Meas S-LP-LP-S
—o— Sim1 S-LP-LP-S
—0o— Sim2 S-LP-LP-S
—o— Sim3 S-LP-LP-S

0.000 &
0

E., (kV/cm)

IBF quantitatively well described
by simulation based on Garfield++
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simulation: IBF in 4-GEM systems %

ALICE
L
% 40% . simulation
% 37% measurement
el 34%
o 31%
S
B 24%
(L)
e
14%
11% “ 9%
GEM1 GEM2 GEM3 GEM4

» effective blocking of ions from GEM3/4
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TDR baseline solution: 4-GEM stack

_ 86032 ALICE
/

1003
1147

1647

* large-size single-mask foils

393
507

* 1/layer in IROC, 3/layer in OROC
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iciency

TPC tracking eff

online tracking: performance
ALICE

1 [T TT T TT T TT T TT T TT T TT T TT T TT T TT 1T T1] (i) TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTTT TTTT | TTTT
- 1 2o '_ _]
0.995F 3 5 094 central event at 50 kHz ]
#% a o - —
C e 2 = e no space-charge distortions .
0.99 ] c 0.92— —
- . % - e space-charge distortions, after the 15t reconstruction stage -
0.985 — @ = e space-charge distortions, after the 2" reconstruction stage |
C ] S 0.9— —
0.98— 4 & _ $ i
- 1 8 ossf ¥ .
0.975 3 L YL ;f s\ ]
C ] - M ]
C ] x4 N
0.965— central event at 50 kHz — - i
C 7 0.84— —]
096 ° no space-charge distortions = - .
E e space-charge distortions, after the 15t reconstruction stage E = B
0.955 :_ e space-charge distortions, after the 2" reconstruction stage _: 0.82 - B
:I l 1 | 1 11 | 1 11 | 1 11 | 1 11 | 1 11 | 1 11 | 1 11 | 1 11 | l 1 I: B | | | | | | | | | N
0950 02 04 06 08 1 12 14 16 18 -12 08-5I 1 | I-4II | I-3II | I-2I 1 1 I-1I 1 1 IOI 1 1 I1I 1 1 I2I | II3I | II4I 11 I5
1/p_(GeVrc) o/, (GeVic)'

- high tracking and cluster association efficiency
in the first and second reconstruction stage
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TPC-ITS matching efficiency

online tracking: performance
ALICE

1_| T T T 1T T T T T 1T T T T T 1T T 1T T T T T 1T T T I_
0.98] =
- —o—o +_.-—o—++—o—o——.__.__._
L ++++“—‘—: A S e TIPS
0.96 j°-_._+ I o e, 7
f‘_ _._—0—_._ —— —o—o——.__.:
0.94— _’_—¢—+ ]
L 1 TPC-ITS matching efficiency
0.92_— —4— —
=¢_ —
0.9 7 ¢ slightly reduced in first reconstruction stage
0.88]- =
B 1 e i
0.86f-  central event at 50 kHz E almost fuIIy-recovered in second
- S = reconstruction Stage
0.8 4-_ e NO space-charge distortions ]
N e space-charge distortions, after the 15! reconstruction stage |
0.82[~ e space-charge distortions, after the 2" reconstruction stage ]
0 8:I 11 | 11| | 111 | 11| | 111 | 11| | L1 1 | 111 | L1 1 | [ I:

0 02 04 06 08 1 12 14 16 18 2
1/p_ (GeV/c)™
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ALICE

Organisation, cost estimate, time schedule
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ALICE TPC collaboration

Country

Funding Agency City Institute

Croatia Zagreb Department of Physics, University of Zagreb

Denmark Copenhagen Niels Bohr Institute, University of Copenhagen

Finland Helsinki Helsinki Institute of Physics

Germany BMBF Bonn Helmbholtz-Institut fiir Kern- und Strahlenphysik, Rheinische Friedrich-
Wilhelms-Universitit Bonn

Germany BMBF Frankfurt Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitiit Frankfurt

Germany BMBF Heidelberg Physikalisches Institut, Ruprecht-Karls Universitit Heidelberg

Germany BMBF Munich Physik Department, Technische Universitit Miinchen

Germany BMBF Tibingen Physikalisches Institut, Eberhard Karls Universitit Tubingen

Germany BMBF ‘Worms FH Worms, Worms

Germany GSI Darmstadt Research Division and ExtreMe Matter Institute EMMI, GSI
Helmholtzzentrum fiir Schwerionenforschung

Hungary Budapest Wigner Research Center for Physics, Budapest

India Kolkata Bose Institute

India Bhubaneswar Institute of Physics

India Bhubaneswar National Institute of Science Education and Research

India Indore Indian Institute of Technology

India Mumbai Indian Institute of Technology

India Kolkata Variable Energy Cyclotron Centre

Japan Tokyo University of Tokyo

Mexico Mexico City Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de
México

Norway Bergen / Tonsberg Department of Physics, University of Bergen, Vestfold University Col-
lege, Tonsberg

Norway Bergen Faculty of Engineering, Bergen University College

Pakistan Islamabad Department of Physics, COMSATS Institute of Information Technology
Islamabad

Poland Cracow The Henryk Niewodniczanski Institute of Nuclear Physics, Polish
Academy of Science

Romania Bucharest National Institute for Physics and Nuclear Engineering

Slovakia Bratislava Faculty of Mathematics, Physics and Informatics, Comenius University

Sweden Lund Division of Experimental High Energy Physics, University of Lund

USA DOE Omaha Creighton University, Omaha, Nebraska

USA DOE Houston University of Houston, Houston, Texas

USA DOE Berkeley Lawrence Berkeley National Laboratory, Berkeley, California

USA DOE Livermore Lawrence Livermore National Laboratory, Livermore, California

USA DOE Oak Ridge Oak Ridge National Laboratory, Oak Ridge, Tennessee

USA DOE West Lafayette Purdue University, West Lafayette, Indiana

USA DOE Knoxville University of Tennessee, Knoxville, Tennessee

USA DOE Austin The University of Texas at Austin, Austin, Texas

USA DOE Detroit Wayne State University, Detroit, Michigan

USA DOE New Haven Yale University, New Haven, Connecticut

USA NSF San Luis Obispo California Polytechnic State University, San Luis Obispo, California

USA NSF Chicago Chicago State University, Chicago, Illinois

ALICE

38 institutions from 15 countries

new members bring in significant

expertise and resources
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Project organization

Project Leader

H. Appelshduser (U Frankfurt)

Deputy Project Leader
C. Garabatos (GSI)
Deputy Project Leader
T. Cormier (ORNL)
Technical Coordinator
C. Lippmann (GSl)

Detector and Physics Performance
M. Ivanov (GSl)

Online/Offline Reconstruction
J. Thdder (GSI)
M. Ploskon (LBNL)

FEE and Readout
D. Silvermyr (ORNL)
J. Alme (Bergen)

C. Lippmann (GSl)

Online Calibration
M. Ivanov (GSl)

GEM R&D

B. Ketzer (U Bonn)

D. Majka (Yale)

H. Hamagaki (U Tokyo)

J. Wiechula (U Tiibingen)

Simulation
T. Gunji (U Tokyo)
P. Christiansen (Lund)

OROC
B. Ketzer (U Bonn)
L. Fabbietti (TUM)

i SAMPA
! ALICE Common project

C. Garabatos (GSl)

IROC
D. Majka (Yale)
N. Smirnov (Yale)

Installation

Coordinating Project Engineers
B. Windelband (U Heidelberg)
J. Rasson (LBNL)

B. Windelband
(U Heidelberg)
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Project organization

ALICE

Item Institution

IROC Yale, Detroit, Oak Ridge, Knoxville, Austin

OROC Munich, Frankfurt, GSI, Heidelberg, Budapest, Bucharest
GEM R&D and QA Helsinki, Munich, Tokyo, Yale, Zagreb, GSI

Frontend Card Lund, Oak Ridge

FEE integration and test
HYV, LV, cooling

Detector Control
Installation and engineering
Gas system and field cage

Oak Ridge, Lund, Houston, Tokyo, Bergen, Oslo, GSI
Mexico-City, GSI, Munich

GSI, Worms

Heidelberg, Berkeley

GSI

SAMPA ASIC
CRU

Sao Paulo, Bergen, Oslo
Budapest, Kolkata, Bergen
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Cost estimate

Readout chambers Quantity | Cost (MCHF)
(incl. spares)

GEM foils' 480 0.5
Frames and components 960 0.1

Pad planes 160 0.4
Chamber bodies 80 0.3

HV divider 80 0.1
Assembly and installation tooling 04
Total Readout Chambers | 1.8
Services | Cost (MCHF)
GEM HV system 0.2

Fast current monitoring 0.2

HYV supply for last FC resistor 0.1
Other services 0.2
Total Services | 0.7
FEE and Readout Quantity | Cost (MCHF)

(incl. spares)

SAMPA ASIC 19,500 0.78
Front-end card 3900 0.35
GBTx ASIC 7000 0.38
Optical transmitters/receivers 5500 0.79
CRU (control room, AMC40) 2.00
Optical fibers 9000 1.32
TPC Event Processing Nodes (TPC-EPN) 1.00
Other 0.02
Total Electronics | 6.64
Total IROC 40 33
Total OROC 40 5.84
Total | 9.14
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lon Backflow in triple GEMs

w 0.07
o
0.065
0.06
0.055
0.05
0.045
0.04
0.035
0.03
0.025
0.02

Comprehensive study of triple standard GEM system (gas mixture, £, Ep,)

IBF (E_) for Ne-CO_-N, (90-10-5)

g S SR

® E., = 0.1kVicm

E;, = 0.15kV/icm
A E, = 02kVicm
Vv E.,= 03kVicm
E;, = 0.4 kV/icm
E;, = 0.5kV/cm

A E,=06kV/icm

—IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
<
>

. N N .
i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
5

3 3.5 4 4.5

- IBF requirement not achieved with triple GEMs

- add a fourth GEM

- introduce GEMs with large hole pitch
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- ALICE
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Energy resolution %
ALICE

fast MC

0.08
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online reconstruction and calibration

ALICE

Reconstruction Stage 1

i e e () Update interval O(15 min)

TPC 20 Mbyte/ev
: TByte/s.)’ | Find d ki
0 ANNRERERNRENE Cluster Finding wnnnne Seeding / Tracking wannnne Data Compression
electronics T i
T - Dead channel map - Scaled average space-charge distortion map E
- Drift velocity 5
- Pedestals Pad-bv-pad qai lizati 5
- Chamber-by-chamber - rad-by-pad gain equalization E
5

| pemanensonge <

o
-
=
=
-
-
-
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- High-resolution space-charge distortion map
- ITS-TRD external track reference
Update interval O(5ms)

Data taking Online Systems Data analysis
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ALICE

Readout Electronics
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readout architecture
ALICE

 The FEC receives the analog signals through flexible cables
GBT system for readout and control on the FECs
*  Control and monitoring: GBT-SCA
*  GBTx ASIC for data multiplexing
*  Physics and monitoring data to CRU and online farm: 2 uni-directional versatile links per FEC
 Trigger and timing information plus configuration data and control commands:

1 uni-directional versatile link per FEC

- ALICE Trigger and Timing distribution System (TTS) b

* Bi-directional optical transceiver (VTRx) and/or LTU cTP
unidirectional twin transmitter (VTTx)
Timing &Trigger
distribution (TTS)

Physics and moni-

SAMPA '—l :

SAMPA 1 ™ Physics and monitoring data | i | i toring data

SAMPA Front end links (GBT) I - DDL3
trigger, c=ontrol & configuration i q cof‘c;r;tl:?algon

SAMPA | J Vi «

SAMPA 1

L

FEC CRU online farm
on detector off detector
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FE ASIC parameters
ALICE

RuUN 1 RUN3
(measured) _ (requirement) SAMPA ASIC requirements are
Signal polarity Pos Neg .
Detector capacitance (range) (oF) 12-33.5 12-33.5 derived from detector performance
S:N ratio for MIPs  (IROC) 14:1 20:1 .
(OROC 6x 10 mm? pads) 20:1 30:1 requirements
(OROC 6x 15 mm? pads) 28:1 30:1
MIP signal (fC) 1.5-314 2.1-32
System noise (at 18.5 pF, incl. ADC) 670e 670e B d h . . h
PASA conversion gain (at 18 pF) (mV/fC) 12.74 20 (30) ased on the eXpe rience wit
PASA return to baseline (ns) <550 <500
PASA average baseline value (mV) 100 100 the current TPC readOUt SyStem
PASA channel-to-channel baseline variation (o) (mV) 18 18
PASA shaping order 4 4
PASA peaking time (ns) 160 160 (80) .
PASA crosstalk <0.1%" <0.2% But: 3 changes
PASA integrated non-linearity 0.2% <1% _ < H
ENC (PASA only, at 12 pF) 385e 385e Slgnal pOIarIty
ADC voltage range (differential) %) 2 2 - Concurrent Sign al sam p li ng
ADC linear range (differential) (fC) 160 100 (67)
ADC number of bits 10 10 and data transfer
ADC sampling rate (MHz) 10 (2.5, 5, 20) 10 (20) .
Power consumption (analog & digital) (mW/ch) ‘ 35 <35 B Strongly Increased data

throughput

Table 6.2: Measured PASA and ALTRO parameters for the current system (RUN 1) and the requirements for the upgraded
front-end electronics (SAMPA parameters for RUN 3). The parameters are explained in the text.
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Equivalent dN_, /dn

Occupancy
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Average pile-up: 5 min-bias events (~2500 tracks),
one central + 4 min bias (~4000 tracks), but fluctuations..
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Online reconstruction: motivation

ALICE
The issue is:
Provide sufficient data reduction online to allow for permanent storage
of the data. This requires online tracking (i.e. association of cluster to tracks)
to allow rejection of clusters not belonging to tracks.
Data Format Data Compression Factor Event Size (MByte)
Zero Suppression (FEE) 20 < i.e. 1 Thyte/s
Clusterization 5-7 3
Remove clusters not associated 2 1.5
to relevant tracks
Data format optimization 2-3 <1
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choice of gas
- ALICE

60

L —_ Tr[rrr[rrr[rrr[rrrrr ot

‘Tg I +Ne-COZ(90-1O) 5 30; pSCNr-LSfOr 50 kHz I_f
o 50 T Ne-COsN, (90-10-5) ] 5 N Ne-CO 1N, (90-10-5) (¢ = 20) ]
& | o ArCO,(%0-10) -\ ——— Ar-CO, (90-10) (¢ = 10) .
20 AN Ne-CF, (90-10) (£ =20) -

40 | - C N e Ne-CF, (80-20) (¢ = 20) ]
10F=:. N -

30 | 1 C ]
oF TN -

20k e C -.--".-.-"--""""--:
'10:_ >~ :

10 . C \\\\ 7
20 \\\é

ol . . Y L T I R IV R I PR B
0 4 8 12 16 100 120 140 160 180 200 220 240

E (kV/cm) r (cm)

* ion space-charge density: g T T
~ * in ¥ * = T T
nprlm galn IBF 1/Vlon s 5 A-/‘_(_./--" —

5 C M

of - -

—> baseline mixture Ne-CO,-N, (90-10-5) g 7 ]
S / ]

* requirement: IBF<1%, oF // E
i.e. € =gain * IBF <20 15 / ]

at gain = 2000 20l E
700 120 7140 760 180 200 520 240

r (cm)

Harald Appelshauser, RD51 Collaboration Meeting, CERN, June 18, 2014 62



