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Outline: B Introduction
B Problems and Solutions
m TPC parts and their status

¢ Field cage

& Readout chambers
® Frontend electronics
¢ Performance

H Outlook
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The Challenge

m High multiplicity
@ space charge limitations
® occupancy: large r, ..
& optimize track recognition = pad sizes
¢ FEE: pile-up and baseline problems
m Momentum resolution goal dp/p = 1%
¢ low multiple scattering in structure and gas
e drift gas Ne/CO, 90/10
m Event rate
& max drift time
m dE-resolution for PID
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The Solution and the Consequences

m 'Cold gas’, high sensitivity to Eand T
® tolerances AE/E = 104, AT =0.1K
m Low dE/dx: high gas gain needed (2:10* @ 1000 e rms)
B AE-resol: 159 samples (= pad rows)
®m Minimize FEE channel count:
® 3 padsizes:4 x7.5 6x 10, 6 x 15 mm? (pointing to vtx
® width tuned to pad response function and diffusion
& = 557,568 pad channels

m FEE: digital signal shaping and baseline restoration
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TPC Dimensions and Specs

In| < 0.9 (full length tracks)

845 <r <2466 mm (cf. STAR: 600 to 1892)
drift 2 x 2.5 m, 100 kV, 88 us

Ne/CO, (90/10) (+ probably a few % N,)
occupancy 40 to 15% @ dN/dy = 8000

event rate 100 — 200 Hz
material budget 3.5 X, nearm =0
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TPC Field Cage Overview

®m |Inner and outer
isolation vessels

flushed with CO,

m End plates housing
2x2x18 ROC'’s

m Field defining
system: aluminized
mylar strips (166)
supported by rods

m Central membrane
100 kV

B 5 X 5.6 mdiameter,
88 m3 volume
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Field Cage Outer Containment Vessel
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Checking the End Wheel
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Readout Chambers

m 18 sectors each side, 2 chambers/sector
m MWPC's, 557568 cathode pads

m gas gain 2x104

B gated

B pad sizes 4x7.5, 6x10, 6x15 mm?

m 5.7 MHz 10 bit ADC sampling, 512 samples
| position resolution 800 ... 1250 um (r¢, z)

ALICE TPC, QM2004, Jan 11-17, 2004
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Adjusting a wire plane beore glueing,"mall chamber type
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Readout Chamber Production Heidelberg/GSI

Coarse and fine adjustment of a wire plane, large chamber type
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. Inner Readout Chamber Connected to Front End Card

FEC in Cu
sandwich

6 cables
per FEC

ALICE TPC, QM2004, Jan 11-17, 2004
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Readout Chamber Test at GSI

= Working point 2:-10* Additional gain margin with N, admixture!
LA A R | .
- 19.02.02 Chamber in test setup
Gas gain o E ]

104):

103

1150 1200 1250 1300
Anode voltage
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Laser Tracks

m Pad response function
o = 2 mm as expected

m Double track resolution:
® Separated maxima down to
two pad distance
¢ Two-gauss fit down to 1 pad

Q_J,II|iII|III|III|\\I|III|III|III|III|III TTT

12

5 10 15 20 25 30
Row
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DETECTOR

L1: Sps

88us

drift region 200 Hz

16 CHICHIP 16 CHICHIP

J v

anode
wire

gating grid
o000 0000

570132
PADS

pad
plane

FEC (Front End Card) - 128 CHANNELS
(CLOSE TO THE READOUT PLANE) Power

consumption:
8 CHIPS 8 CHIPS <40 mW / channel

Frontend Electronics: Architecture

L2: <100 ps

l 200 Hz

PASA Digital " Q !
Circuit

(c%n%SsT o°_2"5'fm, CUSTOM IC (CMOS 0.25um )

1MIP =4.8 fC
SIN =30:1

DYNAMIC = 30 MIP

CSA

SEMI-GAUSS. SHAPER 10 BIT * BASELINE CORR.
- TAIL CANCELL.

+ ZERO SUPPR.

GAIN =12mV/fC <10 MHz
FWHM = 190 ns

DDL
(4096 CH / DDL)
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ALICE TPC READOUT CHIP — Principle

il g N
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i y i y Memory
Baseline Tail Baseline TS _— + S
ADE Correction Cancellation gagaaz: Correction Suppression nowto e ti-Event | TR

| Il Buffer

—

10- bit 11- bit CA2 18- bit CA2 11- bit 10-bit 40-bit 40-bit
20 MSPS arithmetic arithmetic arithmetic arithmetic format format

BB SAMPLING CLOCK up to 20 MHz (5.7 MHz used)
B READOUT CLOCK 40 MHz

m 16 ADCs and Digital Filter channels in one chip
m Algorithms and parameters reconfigurable
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ALTRO Prototyping, a long story

| ,_ Driving force: Luciano Musa
4cards 7 : . 4 PQFP 100
16 ® . 2 8 SSOP 28
. ': VD 5 ‘4"-‘ AHAAARARARARAAARARAA QAR A

1999 model

ALTRO 16% ####

135 mm

¢

ALTRO16

Integrated ADCs

1999 2001

“ e | - channels per chip: 4 channels per chip: 16

channels per chip:
ADC: 1 external ADC: 4 external ADC: 16 internal
Digital Filter: no Digital Filter: no Digital Filter: yes

External ADCs (fallback solution)
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Front-end Card

L bus readout bus connectors I2C EEPROM power
T ceivers / \ connector /yector
(backside) . ; _ ; R . "

J —thbhtH : T

"4 0
. -
e

LDO
Power Regulators

S
Tl R A e

e

Clock distribution

Current monitor
& Supervision

170 mm

ALTROs

Shaping Amplifiers
and
Reference Voltages

128 ch

FE connectors
and additional
Ground socket
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FEE Row with Readout Bus

®m Innermost row, closest spacing

ALICE TPC, QM2004, Jan 11-17, 2004
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Cooling:

Temperature Stabilization and Homogeneity

4

m Clearly a challenging item: we aim at AT = 0.1 K

m Thermal screens toward TRD and ITS

m Readout chamber Al bodies and pad planes: water-cooled
m \Water cooling of FEE boards (total power 27 kW)

m Leakless cooling systems

N -

HV resistive divider rod:
4x8W,
water-cooled

ALICE TPC, QM2004, Jan 11-17, 2004
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High Occupancy Events from Cosmic Rays

Event 251, Channel 150
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baseline restoration

Event 251, Channel 150

ALTRO digital tail cancellation and
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Laser Calibration and Monitoring System

Principle
fixed beam splitter

H

}I} Laser rod : Gas rod

Il l

/lgb p = = - = —
l l l l Cfantral electrlnde Camera
with guarntz window

Narrow laser beams

TRPG velunie

1
Wide laser beam !

.~ | adjustable mirror

4 micro mirrors along z, alignment check with CCD at other TPC end
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Laser Ray Pattern

m Rays perpendicular
to beam axis
m Effective ray @ ~1mm
m 2 x4 z-planes
m Strategic
boundary crossings
m Additional signal from
central electrode
(and pad plane)

Beam Monitor ext. diameter of field coge

RESISTOR

irror

30/30 %

/ Mirror 33/66 Y%
Beam splitter/

Laser beam guiding system

MUON SIDE

ALICE TPC, QM2004, Jan 11-17, 2004
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dp/p

m Note: standard field 0.5 T
m dp/p vs dN/dy: 16% — 9%
@ dN/dy = 2000

Performance (simulated)
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Outlook

m By mid 2004: complete Field Cage assembly and Readout
chamber production

m 2004/5: Installation of Readout Chambers and FEE above
ground

B 7 month system testing
m March 2006: Installation underground

m 2007 LHC start

ALICE TPC, QM2004, Jan 11-17, 2004
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Additional Slides
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. The Environment of the TPC

TRD module

Space Frame

TPC

Service Support
Wheel
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Field Cage: Rod Assembly

<y,

ALICE TPC, QM2004, Jan 11-17, 2004 34



4

m 6m wide mylar foil, glued
from 3 sheets




2477

Pad Plane

4032 PADS
m optimized pad sizes
® 4X7.5mm OROC
® 6 X 10 mm
9 6 X 15 mm \ Mpii;gows
m segmented: IROC and
OROC |
m total 557 568 pads el
4x7.5
IROC | 63 PADROWS
\ 5504 PADS
FOR 36 SECTCRS

36 x 15 488 = 557 5688 PADS
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Readout Chamber Wire Geometry

I Q

Edge strip
Edge strip

SRS DERSRNRRR DY

gate wires ——» fceeencee.
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anodes |
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e
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' Ul \\ Cathode Wire

Alu. Body
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Readout Chamber Production Heidelberg/GSI

Ry | 1
Measuring IR . .
wire tension | ‘

ALICE TPC OROC |
Kathodene!
0 =
0t
0 Gemessener Draht Nr. 455 auf
0 E Draht Nr. 1 auf Wickelrahmen gg
0o£ =
0
= o
CRER:
c 1%
O 1oL
2 0 7W
M) e
| =
[} E
= E
= ot

250 200
Wire Num
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Electronics Cooling

FEE cooling

m 2/ kW to be removed

m Leakless water cooling
systems

e
B

ROC padplane thermal screen tT ' e

. T 3y
(bese of TPC delecion)
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128 channels
Front End Card (FEC)

Mounting FEE

SIDE VIEW FRONT VIEW

60.32

|
- e

42
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140mm ey v
Capton Cable -
IROC ™
FEE POWER: <

CHANNEL: 40 mW
BOARD: 6.9 W

SECTOR: 832 W

TOTAL: 30.2 kW 25

C6

C5:

C4:

C3:

C2

C1

36 sectors

: 20 FECs

20 FECs

20 FECs

18 FECs

: 25 FECs

: 18 FECs
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End plate

~




Inner Readout
Chamber

TPC Test Facility at CERN

Cooling System

Field Cage Prototype

PC with pRCU-I

Close-up of the FECs into the IROC

ALICE TPC, QM2004, Jan 11-17, 2004
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Laser System: Objectives

m Electronics testing
B Sector alignment

m Drift velocity monitoring
e Pressure, temperature
e Temperature gradients (stratification, i.e. up-down)
e EXB, space charge effects

m Two possible approaches:
e Relative measurements, rely only on time stability of laser ray
position
e Absolute measurements, requires knowledge of absolute
position of laser ray. More ambitious

ALICE TPC, QM2004, Jan 11-17, 2004 43



Laser Rod with Mirrors

MIERRCK
BUNDLE y !

LASER BEAM 225

B 77 T L 6 T R T
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Laser Spatial Accuracy Goals

B Assembly: angular accuracy ~1 degqg.
m Relative angles of micro-mirror rays measured to 50 urad
m Final position of laser rays:

® Stable to better than TPC resolution

® Known to better than TPC resolution via internal calibration
with respect to central electrode and ROC (signal from pad
plane)

m Gives absolute measurement if E-field is near-perfect
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Comparison SPC - RHIC — LHC

Pb+PDb, central SPS | RHIC LHC
= [GeV] 17

dN,/dy 500

_ [Gevitm®] _i e | =2.5

Vireeze [fm3] | =102

_QGP [fm/c] <1

The LHC is the ideal place to study the QGP:
* hotter - bigger — longer-lived
« ~ 104 particles per event: Event-by-event physics

ALICE TPC, QM2004, Jan 11-17, 2004
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