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A Large lon Collider Experiment
/

OUTLINE ALICE

« Motivation for the upgrade
« Chamber mass production
 HV system

* Readout system

* Installation

« Summary and outlook
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A Large lon Collider Experiment

ALICE — A LARGE ION COLLIDER EXPERIMENT ALICE

A dedicated heavy-ion experiment at the CERN LHC

Study of a high-density, high-temperature phase of strongly interacting matter: Quark-Gluon
Plasma (QGP)

Unique PID capabilities among all LHC experiments

Covers broad kinematic range TPC I

-
-,

Many different PID techniques

Excellent performance in Run 1 and Run 2

Transition Time of

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN



A Large lon Collider Experiment

THE ALICE TPC

HV electrode (100 kV)

field cage

49.7 cm 114.2 cm

=

29.2cm

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R.

Frankfurt / CERN

ALICE

Acceptance: |n|<0.9, A¢ = 21T
Low-mass, high-precision field cage
~90 m? active detector medium

Gas:
= Ne-CO,-N, (90-10-5) inRun 1
= Ne-CO,(90-10)inRun1
= Ar-CO, (88-12) in Run 2
* Ne-CO,-N, (90-10-5) in Run 2
= Ne-CO,-N, (90-10-5) in Run 3

100 kV at the Central Electrode
Egire = 400 Vicm
Vit = 2.7 cm/us
" max ty =92 us

72 MWPCs with pad readout
= Employ gating grid
= >550k pads in 159 rows

= 2x18 Inner and 2x18 Outer Readout
Chambers (ROCs)

Muenzer | Goethe Universitat 4



A Large lon Collider Experiment

THE ALICE TPC ALICE
= Acceptance: |n|<0.9, Ad = 21

HV electrode (100 kV) = Low-mass, high-precision field cage

= ~90 m3 active detector medium

field cage

ALICE performance
pp, (s=13TeV -
B=02T

Energy deposit per unit length (keV/cm)

it ! ! :.”.'...I L I LS O 1
107 1 10
Momentum (GeV/c)

114.2 cm

Phys. Rev. D 98, 030001 (2018)

<+—>
29.2cm
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A Large lon Collider Experiment

GATED OPERATION IN RUN 1 & RUN 2 ALICE

time >
eveni 1 even event\3 event\4
N\ J \ )\ )
I I i I
Drift time in TPC, Fixed gating grid closure Drift time in TPC, Fixed gating grid closure
gating grid open time, no event readout gating grid open time, no event readout

Multi Wire Proportional Chamber readout

» A pulsed gating grid is used to prevent back-drifting ions from the amplification stage to distort the
drift field (ion backflow (IBF) suppression ~10-°)

* 100 us electron drift time + 200/400 us gate closed (Ne/Ar) to minimize ion backflow and drift-field
distortions

« 300/500 ps in total limits the maximal readout rate to few kHz (in pp)

« Limitation of readout electronics: ~kHz in Run 2 (2017 pp: 2040 Hz)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN



A Large lon Collider Experiment

ALICE UPGRADE ALICE

« Motivation: high-precision measurements of rare probes at low p;
v cannot be selected with hardware trigger

ent | CERN-LHCC-2012-012 (LHCC-1-022)

v" need to record large sample of events

Upgrade of the
ALICE Experiment

Letter of Intent

ALICE Experimy

» Goal: operate ALICE at high rate, record all MB events
v" 50 kHz in Pb-Pb (=10 nb1in RUN 3 and RUN 4)
v" no dedicated trigger, reduce data size (online reconstruction +

rade of the

or the Upg!

compression)

v preserve PID

Lol: https://cds.cern.ch/record/1475243

Upgrade of thg Upgrade of the Upgrade of the
Inner Tracking System Readout & Trigger System Time Projection Chamber

o s

Upgrade of the

ALICE Experiment

The Muon Forward Tracker

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN



A Large lon Collider Experiment

CONTINUOUS OPERATION IN RUN 3 AND BEYOND ALICE

time >

ANV
DL
T \4 A’

ISR 4
P\;'( \"\\‘5\‘\' -

Drift time in TPC
Maximum drift time of electrons in the TPC: ~100 ps

Average event spacing: ~20 ps

Event pileup: 5 on average

Triggered operation not efficient

Minimize IBF without the use of a gating grid

Continuous readout with GEMs
(Gas Electron Multiplier, F. Sauli 1996)

F. Bohmer et al., NIM A 719 (2013) 101

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN



A Large lon Collider Experiment

ALICE TPC UPGRADE FOR RUN 3 ALICE

Standard GEM
Pitch=140um
Hole ¢=70um

StageatT= 00°
Tt Corm. = Off = 36.0°

Date :30 Sep 2011
Time :1552:53

Simulated
avalanche
in GEM hole

GEM-based readout chamber

*  Micro-patterned gas detector for electron multiplication

*  Proven to work reliably in high-rate applications

- Application in a TPC with continuous readout required
significant R&D effort in order to preserve excellent
momentum and dE/dx resolution

Requirements for GEM readout:

«  Operate at the gain of 2000 in Ne-CO,-N,

« IBF < 1% at gain=2000 - € =20

« Local energy resolution og/E< 12% for >°Fe

«  Stable operation under LHC conditions

* + new electronics (negative polarity, continuous readout
mode)

« + novel calibration and online reconstruction schemes
(data compression by factor 10-20 and distortion corrections)

F. Bohmer et al.,, NIM A 719 ‘(2013) 101, M. Berger et al., NIM A 869 (2017) 180

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN
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A Large lon Collider Experiment

ALICE TPC UPGRADE FOR RUN 3 ALICE

pad plane

18

16

u_ /U _ =08

GEM3 ~ GEM4

—a—y__ =235V

GEM2

——U__ =255V

GEM2

u_ /U

GEM3 ~ GEM4

—0—U

—_—— U

GEM2

GEM2

=0.95
=235V

=255V |

3.0

Solution:
 Quadruple GEM stacks with different hole pitch and

rotation of whole pattern
 Optimized field configuration and gain profile

 Robust against discharges

Compromise between IBF and energy resolution (o)

optimization

IBF (%
Vienna Conference for Ingt?&mentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN
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ALICE

FROM GEM TO ROC




A Large lon Collider Experiment

GEMS FOR THE UPGRADE

» Large-size single-mask foils from CERN PCB workshop
+ 1 stackin IROC, 3 stacks in OROC

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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ROC MATERIAL FLOW

ALICE

OROC assembly + tests
(HPD Bucharest)

OROC assembly + tests
(Gsl)

GEM Production IROC Alubody GEM Frame Ledges
GEM Frame Ledges OROC Alubody Padplanes (CERN) (UT Austin) (WSU)
| M
GEM QA
(CERN)
OROC body assembly OROC body assembly Advanced QA || Advanced QA IROC body assembly
(U Heidelberg) (U Frankfurt) (Helsinki) (Budapest) (UT Knoxville)
I ITh
M P
GEM framing GEM framing GEM framing GEM framing A
(TU Munich) (U Bonn) (GSI) (WsU)

IROC assembly + tests
(U Yale)

Final Test/Storage
Integration
(CERN)

3}~ external supplier
— WP1: GEM foils
[~ WP2: IROCs (USA)

3 WP3: OROCs (Europe)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN
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A Large lon Collider Experiment

FROM GEM TO ROC

GEM production at CERN
— Production rate: 40-60 GEMs/month
GEM QA

— After every production step / shipping: HV test at
identical conditions at all institutes

— Dedicated long-term stability test
GEM framing

ROC assembly and testing
— 2-3 IROCs/month
— 4 OROCs per month (2 assembly sites)
— Each chamber is packed in its own gas box

Final stress test and storage at CERN
— Full irradiation with hadrons or X-rays

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN



A Large lon Collider Experiment

ROC TESTS IN THE ALICE CAVERN AT THE LHC  ALICE

Goals:
+ TestIROCs and OROCs under radiation conditions that are comparable to Run 3

» Exercise operation of newly developed HV hardware and control tools
Test area close to LHC beam pipe, where doses up to 10 times of Run 3 are reached

ROC can be tested in their own gas enclosure

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
15
Frankfurt / CERN



A Large lon Collider Experiment

ROC TESTS AT GIF++ AT CERN Glf'""' ALICE

* Not all ROCs could be tested at LHC before the end of
RUN 2
» Test campaign at the Gamma Irradiation Facility (GIF)
« ~13TBq *¥’Cs source, E, = 662 keV

* Gamma flux ~5x10°s1cm=2(at ~3 m from the
source)

« Comparable conditions to cavern tests

* Possibility to test up to 8 ROCs per week

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN 16



A Large lon Collider Experiment
/

IRRADIATION TESTS SUMMARY ALICE

« Cavern and GIF++ tests allow to irradiate ROC with >10x higher particle
load on GEM stack

« Imperfections around solder points can be reliably identified

« 10% of assembled stacks affected

* Problem solved by applying small amount of epoxy in critical spot

« All ROCs certified for stable operation in Run 3

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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ROCS READY FOR INSTALLATION ALICE
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« Storage of final
chambers in installation

clean room at CERN

* Finalization: Installation

of temperature sensors | e

All ROCs are ready for installation on the TPC in spring 2019

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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ALICE

HV SYSTEM
HOW TO OPERATE GEM SAFELY
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HV SYSTEM [

Subdivided in 36 two-sector systems / Cavern
1
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A Large lon Collider Experiment

HV SYSTEM [

Subdivided in 36 two-sector systems Cavern

Control
Room

Protection
resistor
box

)
1
1
I
1
1
I
I
1
I
1
1
I
1

80m (37 lines)

i

N
QWL

Cascaded Power Supplies (72 modules)

« Safe operation: designed to avoid overvoltage in
case of single channel trip

* Highest possible flexibility (e.g. fine tuning of

potential on individual electrodes)

WL
W,
AL
AL
AW

AL
AL
W




A Large lon Collider Experiment

HV SYSTEM e ALICE. .

Subdivided in 36 two-sector systems Cavern
Control i
: ' Protection
Room ! : resistor
' ] box
C ' 80m (37 lines) =
gl q- L : oI
S 1 | \‘;‘e'.z'.'.':.'.'.':',c'//
T. PA | Fast ¢ A
——y [1 [ ast curren ] ‘

Protection Resistor Box near detector:

1 * Limit current in case of possible discharges

* Modular design to adapt resistor value of single HV
channels

w oo

Cascaded Power X8 W
Supplies (CPS) with 32 \ \\‘\‘\‘\ll::::”;l:'f;l//»'J
channels \ i
‘\ CAEN A1515AQG ) \\\ \‘\\HIIIIIIH'III‘
\\ // \\\ ___________________________________
\\ Vienna Conference for Instrgme’ntation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat 29
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HV SYSTEM [

Subdivided in 36 two-sector systems Cavern

P e

Control

! ‘: Protection i
: Room : resistor !
: ! box :
| ' 80m (37 lines) _! !
P L 5 High-resolution current readout:
: ? » High-resolution (<1 nA, 1 kHz) current monitoring :
' (last GEM in stack) for each GEM stack !
: B | « Goal: Measure track density fluctuations (luminosity,
! o collision centrality, geometrical) for online distortion |
X calibration
: | X8 :
i | x8 :
i Cascaded Power i X8 m i
! Supplies (CPS) with 32 | \\|\|l|||””:'1‘1':'/// '
| channels \ Wiy ;
‘\ CAEN A1515AQG I’ \\\ \\\\llllll“'lll’l‘ //,
AN R Vienna Conference for Instrumentann 2019 | 18-22.02.2019 | R. Muenz:eF |_(_3(_)ét;1;1 _U_nTv_e_rs_r[_aE - —23
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ALICE

READOUT SYSTEM
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TPC READOUT
Front-End Card

3276 Front-End Cards (FEC):

SAMPA ASIC (130 nm TSMC CMOS):
Integrated Pre-Amp + Shaper (t,e4=160ns) +

10-bit ADC + DSP (not used by TPC)

Radiation hard data and control link: CERN

GBT system

System noise: 670e
All ADC values are transferred at 5 MHz (no

compression)

1800

1600

1400

1200—

1000

800

600

400

200

55Fe spectrum

TPC FEC on 4GEM,
Ar gas mixture with

YIIII]HI]I

T

Ar escape peak

=

IIIIHI]HI]]H]IH[HI

ER I B B T N T A

non-defaultV settings

L B B

htot
Entries 70161
Mean 684.3
RMS 141.7
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Q
I
o
- 3
ol b b e by 9\
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ri O ()
200 400

O -
800 1000

>
o |
(¢}
2
EFN)
o
o

3.3 TB/s

570 GB/s

0?2 (online-
offline farm)

70 - 120 GB/s

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN
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Off-detector
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A Large lon Collider Experiment

TPC READOUT
Common Readout Unit (CRU) (FPGA-based readout card):

* PCI-E40 board from LHCb (designed
by CPPM)

» Located in First-Level-Processors

(FLPs) of the ALICE O? online-offline

farm

» Data-processing in CRU FPGA:

Decoding, Sorting, Common-Mode
Filter + Cluster-Finding
=» Data compression

Signal plus common mode

L,

Original signal
Common mode effect

3.3 TB/s

é 160~ Simulation
OEJ’ 140;—
g 1205—

100

8o

60f

a0f-

20 \ M

ok Al

o 200

. | .
400

. | .
600

Ll N
800 1000

Baseline shift due to Common Mode Effect at high occupancies

timebin

570 GB/s

OZ? (online-
offline farm)

70 - 120 GB/s

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN

On-detector

Off-detector

26



A Large lon Collider Experiment

TPC READOUT ALICE

Prompt online reconstruction in ALICE O2 online-offline farm: Distortion
corrections, compression using track model

L
Calibration of space-charge distortions
d(rg) (cm) for Ne-CO,-N, (80-10-5), 50 kHz, ¢ = 20 dirg) (cm) for Ne-CO,-N, (80-10-5), 50 kHz, ¢ = 10
= '— = -
LEJ, 200 4 5 240 4
- - F
ED_ o 220~ 2
200 200
o o o -
180 180~
o 2 2
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140 4 140[= -+
r L
‘20_ ] 120~ -6
100 s 100~ 5
o Ciaasl 1 1 | T | 1 1 | P
-250 -200 -150 -100 -50 0 50 100 150 200 250 -250 -200 -150 -100 -50 ] 50 100 150 200 250
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Momentum Resolution Matching efficiency 570 GB/s L
7. 0035 LA LAAS LALS RARAS LLARS LAARS LAARS LLAL g 1
‘?i TPC + ITS, after 2" stage of reconstruction é
€ o3l - 2 0.950 5 .
I | £ | 02 (online-
0.0250 e g el E .
: | g % e offline farm)
woak- E 5 Py ]
" ] 2 e dorpe 28 .
g F 0.85— s e 530 . -
0015} 1 F P ] —
0.01 - 08 R 70-120 GB/s
b eenssr il r ]
F it b 1
0.005- s . g 0751 .
le 1 [ After 2™ stage of reconstruction ]
i T TR PEVEY FOUEY FINTY RPRT PTRL IVPR IO ]
% 01 02 03 04 05 06 07 08 09 1 0.7 e b b Tape
1ip, (GeVic)" (MC) ’ ’ " 1ip_ (GeVic)" (MC)
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ALICE

INSTALLATION
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INSTALLATION

e LS2 started in December 2018

« Dismounting and extraction of the TPC: this
week

« TPC is moved to the surface in two weeks

« 40 weeks for swapping the chambers and
commissioning before the TPC is mounted in

the cavern again

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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TPC REWORK ALICE

N
h
b

Survey, sealing, Install new FEC +

Remove FEE
outside cleanroom OVP test test TPC ready for

transportation

| % e
TPC in cleanroom
Irradiation tests

Irradiation tests

4 Mar “19 22 Jan ‘20 31 Jan ‘20

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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SUMMARY AND OUTLOOK ALICE

 ALICE TPC is being upgraded for Run 3 to operate at 50 kHz rate in Pb-Pb collisions

* No gating. Continuous readout with GEMs

« Extensive R&D led to the 4-GEM configuration, fulfilling all requirements
* Mass production finished

« Extensive testing procedure of chambers under realistic conditions

* New HV system was tested successfully

* New electronics for continuous readout successfully tested

» Performance within specifications
* Mass production finalized in Q2 2019

« Outlook:
« TPC on the way to surface, installation and pre-commissioning about to start

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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A Large lon Collider Experiment

LOOKING FORWARD TO Pb-Pb COLLISIONS IN RUN3  ALICE

Thank you very much for
your attention

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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ALICE

BACKUP
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Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
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ALICE
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TPCU MILESTONES ALICE

v R&D and Prototyping 2012-2015
v" LHCC approval June 2015
(TDR, TDR Addendum, TDR Addendum UCG)
v' Engineering design Review (EDR) November 2015
v' Training
v' GEM and chamber final design review June 2016
v" Pre-production: finalized
v" Production Readiness Review March 2017
v" Mass production (40 x IROCs + 40x OROCS) 2017-2018
O Installation April 2019 — Mar 2019

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN 3
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BASELINE SOLUTION: 4-GEM SETUP ALICE

« Requirements not fullfilled with a standard 3-GEM
configuration

« New readout chambers employ standard (S) and
large-pitch (LP) GEMs in a configuration S-LP-LP-S

« Optimized HV settings

36
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HV SETTINGS OPTIMIZATION

IBF and energy resolution have to be optimized in parallel

Conservative operational limits: IBF < 1 %, local energy resolution < 12 % for >°Fe

Extended operational range: IBF < 2 %, energy resolution < 14 %

s (%)

Vienna Confei@nce for @sbumentala®2019 | 18:82.02.2012. 0. Muen2eb| Goethe3Uiversitét

20 I o
| — B _
18 AUgey,y UcemsUoeus=0-8 U cena/Yoema=0-99
‘ U,,,=235V ——U_ =235V
16 b Y UGEM2_255V & UGEM2:255V |
U,,,=285V ——U_, =285V

14

12

10

 SLP-LP-S

Frankfurt / CERN

IBF (%)

ALICE
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IBF SIMULATIONS

Garfield/Magboltz (Tokyo)

Systematic scan of parameter space

— gas composition
— 3- and 4-GEM configuration, different geometries
— tuning of simulations by adjusting hole alignment

IBF quantitatively well described by simulations

0.050
0.045
0.040
0.035

IBF

0.030

0.025
0.020
0.015
0.010
0.005

0.000 ¢t . .
Vienna Conference forQnstrumentetion 2019 | 28-22.02.2@19 | R. Muehzer | Goethe Universitat

Frankfurt / CERN
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HOLE ALIGNMENT

— Eff. gain

102 L

- —@— offset in y at x=0 Et=4kV/cm
10 —— offset in y at x=0 Et=2kV/cm
—— offset in y at x=0 Et=1kV/cm
—4— offset in x at y=0 Et=4kV/cm
—4@— offsetin x at y=0 Et=2kV/cm

—4&@— offsetin x at y=0 Et=1kV/cm |

1IIII|IIII|IIII|IIII|IIII|IIIIIIIIiIIII

0 10 20 30 40 50

60 70 80 90
distance between holes [um]

1072 —@— offset in y at x=0 Et=4kV/em .
—— offsetin y at x=0 Et=2kV/em [
—— offset in y at x=0 Et=1kV/cm
—@— offsetin x at y=0 Et=4kV/cm |
—@— offsetin x at y=0 Et=2kV/em |

—4)— offset in x at y=0 Et=1kV/cm
10-3 IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 10 20 30 40 560 60 70

80 90

distance between holes [um]

« Gas gain (left) and the IBF (right) in a 2GEM system as a function
of the hole offset between two layers

 Need random misalignment: rotate foils (masks) by 90°

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN

39



A Large lon Collider Experiment

SPACE CHARGE DISTORTIONS ALICE

* lon blocking in GEMs not as efficient as with gating grid
* lons from 8000 events pile up in the drift volume at 50 kHz Pb-Pb collisions (t4;,, = 160 ms)

 Total number of ions in drift volume strongly depends on IB: n,,, = n,,, * 1B * G4, €= IB * G_4-1

Ne-CO,-N, (90-10-5): 50 kHz, ¢ = 20

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN 40
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SPACE CHARGE DISTORTIONS ALICE
lon blocking in GEMs not as efficient as with gating grid
lons from 8000 events pile up in the drift volume at 50 kHz Pb-Pb collisions (t4;,, = 160 ms)
Total number of ions in drift volume strongly depends on IB: n,,, = n,,, * IB * G4, e= IB * G -1
1% of IBF at G+ = 2000 (¢ = 20)

- distortions up to dr = 20 cm and drg = 8 cm (at small r and z)
- well below 10 cm for the largest part of drift volume

Corrections to O(10%) are required for final calibration (to the level of intrinsic resolution, o,,~ 200 ym)
2-stage calibration and reconstruction scheme

d(re) (cm) for Ne-CO,-N, (90-10-5), 50 kHz, ¢ = 20 dr (cm) for Ne-CO -N, (90-10-5), 50 kHz, ¢ = 20

100 8 100

(HESN| 18-22.02.201d git3
250 o CERN 50 100 150 200 250
z (cm) z (cm)
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o
o
-
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iy
(]
o
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FEC MATERIAL FLOW

[}— External supplier

SAMPAASICs GBT components FEC schematics
(Brasil, Norway) (CERN) (ORNL) [—1— Common ALICE projects (SAMPA and CRU)
| [ }— wPs: FEE
SAMPA Testing [ }— wP6: Readout system
Lund, Brasil . T
( ) WPT: Installation and commissioning
FEC Revision 0
(ORNL)
Testing Testing Control software Firmware CRU boards
(U Houston) (ORNL, UT-K) (NIAS, Frankfurt) (Frankfurt, (Budapest / Kolkata)
Heidelberg, NIAS)
FEC Revision 1
(ORNL)
Testing Testing
(U Houston) (ORNL, UT-K)
FEC Production
(ORNL)
QA QA Test system
(U Houston) (ORNL, UT-K) (Heidelberg, Frankfurt, GSI)

Installation on TPC

Installation in CR1

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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EXPECTED PERFORMANCE ALICE
& 17““\““\““\““\““\““\““\“"7 '3____'1035|||||||||||||||||||||||||||||||||||||||||||||||||
5 | TS :
E ] & i TPC + ITS, after 2" stage of reconstruction i
® 0.95 = 0.031 7
2 Sy £ i i
= B ""i b - -
o * B - ®  no spaca-charge .
© = — 0.025 —
E 0.9 — B B spaca-charga, =20 -
(|£ : : B B space-charge. e=25 T
6 B L no space-charge B ﬂ DE '_ ) a0 _—
B = = — - | Spaca-charga. = i
Fow o M LI
- ' £=IB* Gy -1 i [ ]
B space-charge, &30 ] 0.015+ —
0.8 " space-charge, &40 ] - 1/p, resolution )
i ] 0.01F o

- . — H_
B TPC+ITS matching eff. i - IO s et S
0.75— — i el s it L ]
- After 2™ stage of reconstruction i 0.005- i:;' - -
0.77‘ — ‘ S ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L ‘ L1 ‘7 hIBE-I-I | | L1111 | L1111 | L1111 | L1111 | L1l | L1111 | L1111 | L1111 | 111 I:

6 o5 1 15 2 25 3 35 4 01 02 03 04 05 06 07 08 03
1/p_(GeVrc) 1/p_(GeVic T (MC

Testing limits of calibration procedure at up to twice the nominal ion density (= 40)

— tracking efficiency not compromised
— slight decrease in p; resolution at low momenta
» does not compromise physics program

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN 43



STABILITY AGAINST DISCHARGES

The breakdown appears when the total charge in the avalanche reaches critical value Q.

Highly ionizing particles/high rate of radiation may induce creation

—
of streamers which can then transform into sparks. >
Spark in GEM: ' o -
e AVggy 20 D 1
* May trigger secondary and propagated discharges o - >
* may be harmful to the detector and electronics (large energy released) - O .
[ . _—
Yy
a = 0.5 T T — T
Cathode% [ r—— % E |
3 -80mm R& D: %_
GEM1 ™ M- - - - - £ I i
GEM?2 ______________iz_m_m_ ________________ - 10X10 CmZGEMS o Lol i!
GEM3 2 mm [fhll M_.I'"Ilﬁlu! W
2 mm - Modular setup " ]
GEM4 v ! |
Anode === = - 1-4 GEM stacks ol |
. - -(].(]IQQ 0.0‘1!95 01 0.1605 0.101 {].I(IJIS
al - Adjustable drift gap Time [s]
{aF <
- Alpha sources: 23°Pu, 241Am, 244Cm;
b —
] D v rrrstrom ﬁﬂar'roTr)zUw | 18—2£%E¢2(%95| R. %A?e‘rﬂﬁﬁ Goethe Universitat "
ﬁl’rlar Sgltweerator Discriminator Attenuator Frankfurt / CERN

urrent/discriminator readout



discharge probability

A Large lon Collider Experiment

DISCHARGE STUDIES

Influence of HV settings

3-GEM, Ne-CO,N, (90-10-5), *’Rn

e F - Different HV settings have been tested with a
10 B ® IBFHV "" F‘* S'GEM Conflguratlon
10° ; o< ’ﬂ """"" “« ” 17 ”
= A S - “Standard” - "IBE
10% e B T G — Standard — optimized for stability (COMPASS)
i ; “# — IBF - optimized for IBF
104 : £ P
b T ’ « Significant drop of stability while using IBF
3-GEM settings with a typical 3-GEM configuration
101 ? 10* 10° 10°
gain
S-S-S S-S-S-S S-LP-LP-S
‘standard’ HV IB =2.0% IB =0.34% IB =0.34% IB =0.34% IB =0.63%
G =2000 G =2000 G =1600 G =3000 G =5000 G =2000
} ) 20Rn e
4-GEM configuration, &, C6aMev ~10710 <2x10°6 <7.6x1077
optimized for energy ———2% e
. . Am
resolution and IBF IS g, =s55mev
also stable against _fe=!db
. . 239Pu+24lAm+244Cm
electrical discharges Eq = 5.245.5+5.8 MeV <27x107  <23x107°  (3.14+0.8)x 10~ <3.1x107
rate = 600 Hz
08y
—12
Vienna Conferencgﬁe@ﬁiﬁ%emaﬂon 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat <3x10 45
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A Large lon Collider Experiment

ION TRAPPING WITH GEMS

Electron transport properties for IBF optimized voltage settings

€.o1 = collection efficiency

€. — €Xtraction efficiency

M = gas multiplication factor

Geir = €.y X M X g, = effective gain

GEM2(LP)

H - -

(C(,H Nein M\ Ne—ion  Eextr  Meout G Mion,back fraction of fraction of
total IBF (sim.)  total IBF (meas.)
GEML1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3 (26%) 37% 34%
GEM3 (LP) 0.25 2 53 104 0.12 12.7 1.6 1.3 (1.3%) 14% 11%
GEMA4 (S) \; 12.7 242} 3053 0.6 1830 144 0.84 (0.03%) 9% 24%
Total Vienna Conference for Ingtllggentation 20191g_§022

Erankfurt [ C

O§.§Q@3| R. Mgg@g%)Goethe Universitat
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ION TRAPPING WITH GEMS GEMLS)

Electron transport properties for IBF optimized voltage settings

GEM2(LP)

.01 = Collection efficiency

Eoxir — EXtraction efficiency

M = gas multiplication factor GEMB3(LP) 4

Get = €co X M X g, = effective gain

Ne.ion = NUMber of produced e-ions pairs
o o e | GEMA(S)

Nion.back = NUMber of ions drifting back into the drift volume (g)

IB = (1+€)/G

H - -
Eoll  Me,in M Me—ion | Eextr  Meout G Mion,back fraction of fraction of

total IBF (sim.)  total IBF (meas.)

GEMI (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%

GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3 (26%) 37% 34%

GEM3 (LP) 0.25 2 53 104 0.12 12.7 1.6 1.3 (1.3%) 14% 11%

GEM4 (S) 1 12.7 240 3053 0.6 1830 144 0.84 (0.03%) 9% 24%

Total Vienna Conference foffingtjgnegtation 20191 4822.03.2949 |R. Mggr@g%)Gc bthe Universitat 47

'I ' Erankfurt / CERN )
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A Large lon Collider Experiment \\\\ ty
ION TRAPPING WITH GEMS GEMLS) M

Electron transport properties for IBF optimized voltage settings

GEM2(LP)

.01 = Collection efficiency
Eoxir — EXtraction efficiency \
M = gas multiplication factor GEM3(LP) 4
Get = €co X M X g, = effective gain

Ne.ion = NUMDber of produced e-ions pairs

Nion back = NUMber of ions drifting back into the drift volume (g)

fraction of total IBF: simulation vs. experiment

Eoll  Me,in M ne_ion  Eexr  Meout G Mion,back 4 fraction of N f fraction of T
total IBF (sim.) | fjtotal IBF (meas.)
GEML1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3(26%) 37% 34%
GEM3 (LP) 0.25 2 53 104 0.12 127 1.6 1.3 (1.3%) 14% 11%
GEM4 (S) 1 1277 240 3053 0.6 1830 144 0.84 (0.03%) 9% D 24%
Total Vienna Conference for Ingfjignentation 20191 48322.03.89@° | R. Mggr@g%)Goethe Universitat 48

Erankfirt /| CERN




A Large lon Collider Experiment

IBF SIMULATIONS

Garfield/Magboltz (Tokyo)

Systematic scan of parameter space

— gas composition
— 3- and 4-GEM configuration, different geometries
— tuning of simulations by adjusting hole alignment

IBF quantitatively well described by simulations

0.050
0.045
0.040
0.035

IBF

0.030

0.025
0.020
0.015
0.010
0.005

0.000 ¢t . .
Vienna Conference forQnstrumentetion 2019 | 28-22.02.2@19 | R. Muehzer | Goethe Universitat

Frankfurt / CERN

n y T T T v T
i4G EM —e— Meas S-S-LP-S |
: —0—Sim1 S-S-LP-S | ]
o —0—Sim2 S-S-LP-S | 4
F —o—Sim3 8-S-LP-S | 1
k| —=— Meas S-LP-LP-S 1
F | —o— Sim1 S-LP-LP-S E
f | —o— Sim2 S-LP-LP-S 3
f | —o—Sim3 S-LP-LP-S ]

1 N 1 N 1 N 1 7

E,, (kv/cm)
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A Large lon Collider Experiment

HOLE ALIGNMENT

— Eff. gain

102 L

- —@— offset in y at x=0 Et=4kV/cm
10 —— offset in y at x=0 Et=2kV/cm
—— offset in y at x=0 Et=1kV/cm
—4— offset in x at y=0 Et=4kV/cm
—4@— offsetin x at y=0 Et=2kV/cm

—4&@— offsetin x at y=0 Et=1kV/cm |

1IIII|IIII|IIII|IIII|IIII|IIIIIIIIiIIII

0 10 20 30 40 50

60 70 80 90
distance between holes [um]

1072 —@— offset in y at x=0 Et=4kV/em .
—— offsetin y at x=0 Et=2kV/em [
—— offset in y at x=0 Et=1kV/cm
—@— offsetin x at y=0 Et=4kV/cm |
—@— offsetin x at y=0 Et=2kV/em |

—4)— offset in x at y=0 Et=1kV/cm
10-3 IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 10 20 30 40 560 60 70

80 90

distance between holes [um]

« Gas gain (left) and the IBF (right) in a 2GEM system as a function
of the hole offset between two layers

 Need random misalignment: rotate foils (masks) by 90°

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat

Frankfurt / CERN
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HV TESTS ALICE

- Apply 500 V for 15" in dry N, (<0.6 % absolute humidity)
lieak < 0.5 NA/segment

- All segments tested independently using multi-channel pA-meters

7 identical systems in Europe

— — —

01-G3-018 segment 3, avg = -6.5 pA
20

20 | Il'l" ' bl |
-40

-60

current [pA]

-80

Vier |1a Conferencelfor Instrumentation 2019 | 18-22.02.2019 | R. Muehzer | Goethe Urliversitat

-1 51
00 0 200 400 Frankfurt / Clgpg\ 800 1000 1200
time [s]




A Large lon Collider Experiment

FROM GEM TO ROC ALICE

GEM production at CERN 356 10404 o sheet 1
— Production rate: 40-60 GEMs/month

535.4 mm

535.4 mm

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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A Large lon Collider Experiment

FROM GEM TO ROC

« GEM production at CERN
— Production rate: 40-60 GEMs/month

« GEM QA
— Production QA at CERN (HV test)

— Two Advanced QA centers in Helsinki and Budapest

— Advanced QA:
+ HD Optical Scanning System,
* HV-test system,
+ Gain uniformity scanner

— Basic QA (HV test) at each production institute

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat 53
Frankfurt / CERN



A Large lon Collider Experiment

OPTICAL SCANS | S0 ALICE

Hole size distributions T nner outer
. osus s ey S Jﬂ‘t 7
| ﬂmﬂ:ﬂ Jl 20 40// \l:D\_//M \ 100 120
hole size [um]
e i yellow
e f 1
Joood I [ /1
oo I ] il
- 1
00 Ill 20 J J Mk 100 120
hnLasinelll'ﬂl
- fa—

o A
o] J L\ J

b
] 20 40 L] 80 100 120
hole size [um)

Green:

- uniform distribution

- mean diameter <5 um within batch average
Yellow:

- distributions (not always) uniform

- mean diameter 5-10 um within batch average
Orange:

- non-uniform distributions

- mean diameter >10 um within batch average

Vienna Conference for Instrumentation 2019 | 18%*22-82m20+oRviTerzer - CoTtTe oTverstat
Frankfurt / CERN




A Large lon Collider Experiment

FROM GEM TO ROC

« GEM production at CERN
— Production rate: 40-60 GEMs/month

- GEM QA

— Production QA at CERN (HV test)
— Two Advanced QA centers in Helsinki and Budapest

— Advanced QA:

+ HD Optical Scanning System,
* HV-test system,
+ Gain uniformity scanner

— Basic QA (HV test) at each production institute
« GEM Framing (WSU, TUM, Bonn, GSI)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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A Large lon Collider Experiment

FROM GEM TO ROC

 GEM production at CERN
— Production rate: 40-60 GEMs/month

- GEM QA

— Production QA at CERN (HV test)
— Two Advanced QA centers in Helsinki and Budapest

— Advanced QA:

* HD Optical Scanning System,
* HV-test system,
+ Gain uniformity scanner

— Basic QA (HV test) at each production institute
 GEM Framing (WSU, TUM, Bonn, GSI)

« ROC Assembly

— 2-3 IROCs/month (Yale)
— 4 OROC/month (GSI, Bucharest)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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A Large lon Collider Experiment

FROM GEM TO ROC ALICE

GEM production at CERN

GEM QA

GEM Framing (WSU, TUM, Bonn, GSI)

ROC Assembly

— 2-3 IROCs/month (Yale)
— 4 OROC/month (GSI, Bucharest)

ROC Commissioning & Arrival tests

Production rate: 40-60 GEMs/month

Production QA at CERN (HV test)
Two Advanced QA centers in Helsinki and Budapest

Advanced QA:

» HD Optical Scanning System,
* HV-test system,
+ Gain uniformity scanner

Basic QA (HV test) at each production institute

(Yale (IROC), GSI, Bucharest (OROC), CERN)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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A Large lon Collider Experiment *

ROC COMMISSIONING ALICE

Gain

Gain distribution (anode current)
LN DL DL ! ! LR LELELEN BLELELEN DR |

, e 100

=

ey
[=2]

3
Anode current (nA)

. £
1. Gastightness (< 0.5 ml/h) =14
2 60
g i
2. Gain curve 5 10 i
§ 8 —a0
3. Gain uniformity (RMS < 20 %) Se 30
4 20
2 10
PN EPETEE S B E PSS S SR S AT SR R R
O "% e 0 iz 14 16 18 20 °
X coordinate (in)
- B iBIue -555Fe peEaK posilidn/calibriated cap;citor ‘
5000 = rrre————s ......................................................
. wn
10° = — e F
- - ?000__ SSSR U SIS SIS
C a o r
: //' QROG1 sopa 784 pet 100 V. gak :U.i() A4S N : 3000?
» -
i OROC3 slope 1.84 par 100 V, gak 2000 a £471 1 2000?
3800 4000 4200 4400 4800 1000 7
chamber voltage (V) A I I PP P T RPN PP NP
3950 4000 4050 4100 4150 4200 4250 4300 4350
_ _ HV R-divider, V
Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat 58
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A Large lon Collider Experiment

ROC COMMISSIONING ALICE

lon backflow

I

OROC/06: IBF scan

Gas tightness (< 0.5 ml/h)

Gain curve

Gain uniformity (RMS < 20 %)
IBF uniformity (IBF = 0.7%, RMS < 20%)

Siribution of ion backflow
BLI L L N N B A

I I I I ! I 1 I 1 0
2 4 6 8 10 12 14 16 18 20

X coordinate (in)

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat 59
Frankfurt / CERN
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A Large lon Collider Experiment

ROC COMMISSIONING

Full irradiation with X-ray

a &~ W0 D PRE

Gas tightness (< 0.5 ml/h)
Gain curve

Gain uniformity (RMS < 20 %)

IBF uniformity (IBF = 0.7%, RMS < 20%)
Full X-ray irradiation (10 nA/cm?) for 6 h

Gain: 2000

ALICE

IROC/07 charge-up currents

No discharges

20

0
0

s athode
screen
anode /100 ——
-50
< -100
A I B o - =
150
—
-200
-250
0 5000 10000 15000 20000 25000
time [s]
I 1 1200
¥ [ before irradiation
""" L sigma/mean = 8.8%
7 1000
Tl [ after irradiation
& [ sigma/mean = 6.9%
=1l 800 j H\k
[ 7 600 L JJ 1‘\
L - 400 |
- 100 x new cathode - 200 }M ! // \\
1000 x old cathode : i \k &JF
[RERENRRN R ARRARTBNANURT Alulllnlﬂmn\lmmnl - Lk......:q.qmmy:
i i i 0 T} H o At o il )
10000 20000 30000 40000 50000 100 200 900 400 500
. = i . ADC counts
Stable operation, time (s) No worsening of energy resolution
no spikes in pad current during test due to irradiation
Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat 60
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ROC PROCUTION

Database

* Powerful tool to collect all production relevant data

* Keeps track of all GEMs, components and QA results

 >7500 QA entries so far
* >5600 data files for QA

‘Home

e about 400 page calls per day

Category: | onoc

B Stock | Seleet by barcode:

Information  logged in: Piotr

ALICE TPC production database actions, category OROC

previous part: 02-G1-nnn
Ttem: OROC2 GEM foil: 02-G2-nnn next part: 02-G3-nnn
back to stock

Stock list
serfalno color code: parent pant daughter pant both
"up' s a link to the generic pareat page, or to the individual parent part for 'wsed'items.

serialno/ QA
category part. batch type LIS ordercd sent location L comment
OROC  OROC2 GEM foil G2 _’-
OROC  OROC2GEM foil 6 G2 (252001 Bonn 3
OROC  OROC2GEM foil 6 G2 02:G2.002 g 3
OROC OROCZGEMfoil 8 G2 02.G2-003 w €
OROC  OROC2GEM foil 8 G2 (NGO04 ast ]
OROC  OROC2GEM foil 8 G2 O2NG008 Bonn 3
OROC  OROC2GEM foil 10 G2 3NG2006 ‘Bucharest A
OROC  OROC2 GEM foil 10 G2 O2SG20007 CERN
OROC  OROC2GEM foil 10 G2 DRMGR008 Bucharest | A
OROC  OROC2 GEM foil 12 G2 (I2SG2008 1 Budapest | QA-A
OROC OROC2GEM foil 12 G2 DRG0 Bonn B Sparkmap files before framing are broken.
OROC  OROC2 GEM foil 12 G2 D2G20I0 Bonn QA-A
OROC OROC2GEM foil 14 G2 DRG0 1 Budapest  QA-A
OROC  OROC2 GEM foil 14 G2 D2G2013 1 Budapest  QA-A
OROC OROC2GEM foil 14 G2 DRG0 Budapest  QA-A
OROC  OROC2 GEM foil PP G2 D2G20IS Budapest 3 moved from Preproduction PP-02-G2-03
OROC  OROC2GEM foil BE G2 DRGR0I6 Bona 3 moved from Preproduction PP-02-G2-04
OROC  OROC2 GEM foil PP G2 D2:G2017 Budapest QA-B moved from Preproduction PP-02-G2-05
OROC OROC2GEM foil 16 G2 DRGROIE 1 CERN QAB  woter mark segmeat 12-14
OROC  OROC2 GEM foil 16 G2 D2G2018 1 CERN  QA-B
OROC OROC2GEM foil 18 G2 DRG0 1 CERN QA
OROC OROC2GEM foil 18 G2 DRG] 1 CERN QA
OROC OROC2GEM foil 19 G2 D2eG2428 CERN 1
OROC OROC2GEM foil 19 G2 DRG0 CERN 1

the link to part, for viewing databas

Contained parts are defined, show generic list

2

28
n
21
2
16
21
19
23

15
17
18
i+
10
2

ALICE

Open orders and shipments

action  (last) date batch  serialno  number  from 0

sent  2017-08-22
017-08-22
20170823
2017-08-23
20170829
2017-08-29
sent 20170829

EEEiE

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN

02-G2-018 1
02-G2-019 1
02-G2.020 1
02-G2-021 1
02-G2009 1
02-G2012 1
0262013 1

CERN  Budapest
CERN  Budapest
CERN  Budapest
CERN  Budapest
Budapest Bonn
‘Budapest Bonn
Budapest Bonn
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Rev 1 FEC with rigid flex

A Large lon Collider Experiment

TPC FRONT END CARD

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN

ALICE

New FE ASIC “SAMPA” (130 nm TSMC CMOS)

— Positive or negative input
— Programmable conversion gains and peaking times

— Different readout modes: triggered, continuous with DSP,
continuous with DSP by-pass

For required Signal-to-Noise ratio excellent noise figure of

670e" (as currently) is needed
5 SAMPA chips per FEC
3276 FECs will be installed, each with 160 channels

System continuously digitizes signals at 5 MHz for 0.5 M TPC
channels.

All ADC values are read out: data output for 50 kHz Pb-Pb
collisions = 3.28 TByte/s (5 MHz sampling)

FECs send digitized data over fiber optic links to ALICE
Common Readout Units (CRU)
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IRRADIATION RESULTS ALICE

—Ww. : : pr——xy R ———— e
|
s -l el e I"”[ e
Problematic solder point before Problematic solder point after
passivation passivation

Some ROCs show current spikes (occasional trips)
Problem identified: solder point of HV wires to GEM foil

Solution identified: passivation at CERN or re-soldering/passivation at production
site

New Side lllumination (SI) test to test for weak spots at production site

Vienna Conference for Instrumentation 2019 | 18-22.02.2019 | R. Muenzer | Goethe Universitat
Frankfurt / CERN
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QA ISSUE: SOLDER POINTS (2) ALICE

Unstable currents before passivation

Current [A]

1 1 1 1 1 1 1 1 1 1 1
09:57.07 18:01:34 00:01:34 06:01:34 12:01:34 18:01:34 00:01:34 06:01:34 1201:34 18:01:34 00:01:34 10:08:12

Stable currents after passivation

T s et e S ”ﬁqw~v\~~~' o WM’WY’ A AN A A A A
J

A AR AP Sr g b i S WY,

Current [A]

P e Ao A G S A Al Mg B e NP e PPN N A AL\ AT PN Db AN s e e Ay
0.000' - N e~y NA PN Dy

3 N v SR, NP v A NPT A
- Aol Rl

AN AAN AR A Bt e

vvvvvv DN et e Pang H e aM b ad L s At g

1 1 1 1 1 ] 1 ' 1 1
105445 100117 100617 101117 101617 112007 112617 113117 113607 114117 1146107 115117 11:55:27
Time



TPC Front-End-Card (FEC)

- | VTRX T VTTx
lL'L GBTx0 Ref-Clock > L GBTx1
DATA Clock/Reset/Sync DATA
(e-link) (e-link) (e-link)

12C Interface

| [ |4 ] | |

SAMPA 4

SAMPAQ SAMPA 1 SAMPA 2 SAMPA 3
[T T T T T
GBTx SAMPA
e 2 x GBTx chips per FEC. o Common Front-End chip for TPC & Muon chambers
+ GBTxO0 (master. Bi-directional link) « Integrated Pre-Amp + Shaper + 10-bit ADC + DSP (not used by TPC)
e GBTx1 (slave. Only TX link) e 32 channels @ 10-bit @ 5 MHz - 20 MHz sampling
« Both GBTx use Wide-Bus mode with no FEC e 10+ 1 (ADC clock output) SLVS E-Link ports up to 320 Mb/s to interface
« Each GBTx receives data from 2.5 SAMPs (23/28 E-Link) GBTx directly

« GBTxO0 provides clock, Reset and SYNC via E-Links (point-to-point) e TPC uses direct readout of the ADCs via E-Link ports and bypasses the DSP
e 32 channels x 10-bit x 5 MHz -> 10 E-Link ports @ 160 MHz

SCA e ADC channel data send round-robin as raw 10-bit values. No headers, no
e One SCA chip per FEC: trailers, no markers!
« Configuration of GBTx0 & GBTx1 (2 x 12C) » Requires only 2 control signals: RESET (Align ADC clocks) + SYNC (sends data
o Configuration of SAMPAs (5 x 12C) synchronisation pattern)
* SAMPA voltage regulators switching (5 x GPIO) 025

o« T,V & | measurements via internal SCA ADC



The complete ALICE TPC readout system...

A Large lon Collider Experiment

TTC PON

]

SAMPA (x5)

|FEC (3276 on detector)

GBTxX (x2)

|

SCA (x1)

CRU (x360 in FLP/CR)

ALICE

... reduced to numbers:

3276 FECs

16380 SAMPAs

6552 GBTx

3276 SCAs

6552 Versatile links

360 CRUs

10 FECs per CRU

360 TTC PON links to CRU
89,6 Gb/s input rate per CRU
~ 30.000 Gb/s total input rate

Using one common readout unit (CRU) for ALICE. PCI-E40 board from LHCb (designed by CPPM)
Located in First-Level-Processors (FLPs) of the ALICE 0% Online-Offline farm in CR1 & CR2
PCI-E Gen3 x 16 with max. 126 Gb/s user bandwidth (128 Gb/s raw, 126/128b encoding)

TTC + Readout + Slow-Control via CRU FPGA
Data-processing done in CRU-FPGA: Decoding, Sorting, Common-Mode Filter + Cluster-Finding
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