The electronics of ALICE Dimuon
tracking chambers

Valérie Chambert
Institute for Nuclear Physics Orsay

for Alice Collaboration

09/17/08,V.Chambert, TWEPP 2008, Naxos



Outline

1) Alice and Dimuon Arm at CERN
2) Readout architecture

3) Electronics production

4) Integration at Cern

5) First data taking

09/17/08,V.Chambert, TWEPP 2008, Naxos



118

ALICE experiment at CERN Q
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Dimuon Arm Physics : searching for
evidence of Quark Gluon Plasma formation ¥
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Dimuon Arm Physics : searching for
evidence of Quark Gluon Plasma formation

e Mainly, measurement of quarkonia J/y (c-cbar) or Y
(b-bbar) and heavy flavors which decay in muon
pairs

e Measurement by tracking : the main 1ssue 1s the
mass resolution which requires a very good spacial
chamber resolution with consequences on

electronics design.
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Dimuon tracking
responsabilities

1) Station 1 IPN Orsay
2) Station 2 SAHA Institute India

3) Stations 345 CEA Saclay, Subatech Nantes, INFN
Cagliari, PNPI Gatchina

4) MANAS circuit design | ndia, MARC circuit design INFN
Cagliari

5) Readout electronics design and production for
the Dimuon Arm |PN Orsay

6) Embedded software design IPN Orsay
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Electronics specifications

Chamber resolution < 100um
~1.1x10° electronic channels
12 bits conversions, noise < 2 ADC channels
ST1 and ST2 in a confined space = cooling

FE Electronics within detector acceptance =
consequences on boards design

Digital crates embedded close to the detectors

Radiations : neutrons (E,>2 MeV) flux ¢ ~27 cm2s!
and Total Dose 500Rad for ST1 (Worst case)

Magnetic field : 7000 Gauss
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Chambers readout
FE Electronics: MANU Boards
connt on BUSIines

CONCENTRATOR READ-OUT
CLUSTER

UNIT SYSTEM (CROCUS) sl [af's]

skl [''s'sf
pelal el

orgl

40 Gbits/s
LVDS

Optical links
25.6 Gbits/s

TRIGGER FRAMES
CENTRAL TRIGGER PROCESSOR

+ L2Rmsg

] |
eusy_I/////

Timing TRIGGER & CoNTROL
VME

Optical link & LVDS TRIGGER CROCUSINTERFACE (TC|)
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A readout by BUS
with a token

Crocus
crate
6.3
| ->¢m Front-end boards
f 2.3cm
hnpedanceI_*l\J:Si/‘ég,;z:::::::itJ’”LLJ
terminal

Pads

* No impedance matching =high and
low thresholds to latch the signals

* Lines current tuned to get +/-40mV
safety margin for each threshold
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MANU Front-End boards

PADS

MANAS CoL
Multiplexed MANAS
ANAlog SAHA India
Signal
—
> ADC 12bits—> ) :
—»( ADC 12bits—> <
| | |
‘ 16MHz
PADS
16 multiplexed channels Datatransfert to MANAS and to
Preamplification, Shaping, T/H DAQ

Internal calibration capacitor for each channel  Zero suppression
Manu ON/OFF; Manas ON/OFF
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LAYER 2: GROUND

FE electron
detector acceptance and radiation tests

G000.6 v 00900
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- Wire meshed ground layers to m

d ga

noise an
pedestals decrease after 1kRad dose

« MARC, 56 SEU/day=pedestals reloaded every 6 hou
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1ations tests

* board thickness 0.5mm for 6 layers
* MANAS

e Radi




FE Manu boards production

e 19.300 boards (2 types, 1.23M
channels) produced, numbered
and tested 1n industry

* Specific test benches for testing = =
the boards functionalities g

* A data base for each channel

to correct channels gain ,_
dispersion : pedestal, noise, gain [ A
and 1nternal capacitor value
stored.

<G>=3.3mV/{C, from G=3.1mV/{C to G=3.45mV/{C
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CROCUS crates

4 for one Station (20 = 100 FRT+20 CRT+spare)
Embedded calibration electronics for gain correction

Detectors

DAQ

CONCENTRATOR
board

15
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Trigger Crocus Interface

* Trigger and Busy management for Dimuon
* | crate for the Dimuon trigger dispatching
« | FTD board for each Station, 1 FFT

dispatcher board

16

09/17/08,V.Chambert, TWEPP 2008, Naxos



| o]

LB Embedded CROCUS crate

320Mols

e Magnetic field: no ferrite filters,

amagnetic materials S o<
* Embedded crate: specific o
. . FRT(s) " RsT :
mechanical design | | |
» Radiation hardness tested: b 71
200Mo/s ksl —_— :

»DSP, FPGA: 1 SEU every i

5 hours in ST1 and 2, no | ,
errors in ST345, nor DSP 160Mols
or FPGA crash BE'E’IEL%D o DAQ
CRT Block Diagram
17
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Integration at CERN

* Mapping of the detectors because of channels
gain dispersion: both FE board and detectors
location numbering

 We were very careful on EMC 1ssues (ST12):

»Power Supply filtering

» Grounding (cables, detectors, crates)

* Confined environment: cooling simulations
performed with a result T<40C (ST12)
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3 100nF Schafiner capacitors
per box
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ST1 tests summary

* Beam tests = spacial resolution ~ 50um
* Each board (=21.000) was individually tested

» After ST1 assembly, there were cosmic runs at lab
with all the system
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No HV, 24h00 test, random trigger rate 2.5kHz
Pedestals~300ADC Noise~1.2ADC =0.73mV = 1300e

Pedestals run

Podestals for DE 100 {Station 0, Chambaer 0, Cathoda 0} ] " Noise Values for DE 100 {Station 0, Chamber 0, Cathode 0) ]
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. . e o1
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Cosmic run at Orsay

HV 1600 V, zero suppression ON

ALICE's MOOD checked by dag®ipndag3.in2p3.fr
Eile Detector Wiew Configure Utility Help
Setup Monitar| MUON Tracker Configuration|
E}ATE'Mu'nnurI MOooD LQg| Equipments Display I_<Q> &.#élg{‘na| H\tMapI Pedestal Dara-' Surmmary Hislu's| Manu Dump'|
Chamber: |1 = Flane : |Bending - Chamber: |1 =~ Plane: |Non Bending vI
aoc Min: [ 02 ADC Max: [a056 2 apc Min: [ 02| ADc Max: [a0ss 2
| Station 1, Chamber 1, Cathode 0 | | Station 1, Chamber 1, Cathode 1 |
100 100
\ x
L |
/ 100
Rewindl Resetl Get Ev#ﬂl Start Event LDDpI UMStDp Evert Lnnpl Maximum number of events: |300000  Update period I 1000
Idle |Det MUON-Tracker | MDOD 5.00.0 _
#

Particie hitl""
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ST1 tests summary

* Beam tests = spacial resolution ~ 50um
* Each board (=21.000) was individually tested

« After ST1 assembly, there were cosmic runs at lab
with all the system
* All Dimuon detectors were tested 1n a surface building

at CERN
» Installation and tests in the cavern

23
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Readout tests in ALICE cavern
e Septembre 25% 2007: full ST1 readout

implemented within ALICE DAQ

LICE's MOOD checked by dag@ipndaq4.

Sequence: L2ar.seq

: 8 Lty
s : Examine SLM | Load sequence | Sequencer editor Bgmp' M‘pni{ﬁr.l.MHQ}ﬂ, racker Configura nl
Murber of sub-exvents [151369 Errursuisahled. | BNE‘MQWFIMQU@-WQ-] E:WW.. G A
Sub-avent rate 563 BE BEO% . _ A chamber: Plane : [Bending ae[ - Plane; | Non Bending [~

[EEE] sub-events racordsd [151870 tFrtCrtEventHead) Ll MeSsage oo 11n

format:
Sub-event recorded rate [563 StFrtCrtEventH

([0l ape e ficzs 2]

[ o] apcwes fice o

Automatic START BC BC

Bytes injected TO5GR3E4 524 that defines Fri o s 0x3cd.
e EETEE signal seleclion: factor ! | Station 1, Chamber 1, Cathode 0 | | Station 1, Chamber 1, Cathode 1 |
DATEALLD - ; ; : ]
Byles recorded A - Generate 3W "Start signal(s)’ |# of signals: |1 spacing[ms]: |0 e 100 1007
Byte racarded rate  |270 564 ME/s S Check Start Break | = 1000 " 1900
slatus i i

GDC name aloneqgidc

DAQ = Run Control

TSR A e | HI running on ipndaqd uith PID 6245 800 800
Sub-event rate 0 RC running on ipndagd with PID 3080
Events recorded |0 1
|
vent recorded rate |0
Co 600 600
e [ e Tin|
Byte recorded rate |0 B/s Start processes Start |
File count 0 Define Define
T =
— — 2 AFFAIR 2 EDM 1 GDC || ‘Stop | 400 400
StThieadParamStructs b

HLT wode A; DAQ onl v Anort
StTiiggerFrameManagemer i : |

Recording disabled v

u 200 200
% A: BUSY1(input) RUH HUHBER : |441 Run Control Status : RUNNING
=i B: not selected Trace  [fun 33204880 Suumng Data Toking for mn 4 Y
= B aear =
x A00E e Lo L L b L L L L | 0 K ool b b b by by b oy L 0
B Debug D 80 -60 40 -20 0 20 ‘ 60 80 100 -80 -60 40 -20 0 20 40 60 80
. i .
é Pause - ::»,.n;-...
z Bigyer  |[sn 2520 5700 bz Do kg o 40 -
H — : ome Fewing] Fese] et Event] start Event Loop | Update[ - op uniker o everts: [ 1000 | Updateperios: [ 100
Hile e S ————— | V] ] V e s
Halted Line 28, Col 18 Td | M \ W 4 4

115.200 channels
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ST1 tests summary

* Beam tests = spacial resolution ~ 50um
* Each board (=21.000) was individually tested

« After ST1 assembly, there were cosmic runs at lab
with all the system

 All Dimuon detectors were tested in a surface
building at cern

* Installation and tests in the cavern

e First cosmic run at Cern December 2007

25
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Run 14511 : Hit in chamber 2

Cosmic run Dimuon Decembre 2007

* ALICE's MOOD checked by muon_irk @aldagdgm07 ey [l
File Detector Wiew Configure Litility
Setup N‘ionitor' AU Tracker Conﬂguratibnl

Help

DATE Monitor | MOOD Log | Equipments Display I Summary Histos | kanu Dump |

Chamhber : |2 'vl Plane : IBending vl [ Display by MANU Chamber |2 vi Flane : INon Eending vi [ Display by MAMNU
Data . |Euent by Event =]  Min: | 0 i’ ke - I1024 i’ Data : |Event by Event x| Min: I 0 i’ M |1024 i’
| station 1, Chamber 2, Bending, Run 14511 | | station 1, Chamber 2, Non Bending, Run 14511 |
100 I1000 100 I1oun
' —{800 —{800
50 50
600 600
0 0
= ¥
400 —400
-50 -50
r 200 200
_1004...I...I...I...I...I...I...I...I...I... _100_._..I...I...I...I...I...I...I...I...I...
-100-80 -60 -40 -20 0 20 40 60 80 ? -80 -60 -40 -20 0 20 40 60 80 0
Rewindl Resetl Get Eventl Start Event LD_DpI Update'| Etop Evert L00p|' Maximum numhber of events: | 100 Update period: | 1

b

Temperature measurements performed with SC system: <T>= 35C
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ST1 tests summary

« Beam tests = spacial resolution ~ 50um
* Each board (=21.000) was individually tested

» After ST1 assembly, there were cosmic runs at lab
with all the system

 All Dimuon detectors were tested in a surface
building at cern

* Installation and tests in the cavern
e First cosmic run at Cern December 2007
e First Dimuon track in March 2008

27
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LEE

Track : march 2008

Run 23549 (HLT analysis, I.Das) M“In

more @ hitp//www . cern.ch/indranil.das/dimucn-collaboration

A straight line passing the fired pads
points clearly to ACORDE.
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Conclusion

« ~ 580.000 channels commissioned

* Power consumption: 1 1mW/channel B

e Chamber resolution ~50um ’ /A &

« Dimuon software integratedin
Alice DAQ

bl

We are looking forward

to getting tracks with mase

LHC beam !
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