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Abstract

The design of the Stations 3, 4 and 5 of the Dimuon Forward tBpeeter is presented. An important
part is devoted to the slat mechanical structure, printediitiboards (PCB) and to the test beam results.
The related electronics, the supporting structure, thérapand the integration issues are also discussed.
The planning, the task sharing and the cost of the projecilacereviewed.
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1 Introduction

The present PRR is scheduled since a long time. In fact, & lii¢ms of Stations 3, 4 and 5 are
not ready for production, but the planning shows that ifadodiration wants to be in time for installation
in experimental area in 2005, some components of the slaisiloérs have to be ordered as soon as
possible, early in 2002., because they may be on the crjiatl

1.1 Preliminary

The system of five trajectography stations for the Alice Damérm Spectrometer is made with Cathode
Strip Chambers (CSC). Stations 3,4,5 will be made follovglag design. Main parameters of the system
are summarized below :

e Acceptance from2upto @

e Average thickness < 3%

e Maximum occupancy 5%

¢ bending plane, spatial resolution < 0.100 mm,

e non bending plane, spatial resolution < 2.0 mm,

e 2.5 mm wires spacing, 2 x 2.5 mm gap,0.020 mm tungsten-rhenium wires,
e Operating high voltage 1650 - 1800 V with 80%Ar / 20%£@ixture,

e Operating pressure : 0.2 - 0.5 mbar differential pressu@eptbar ultimate differential pressure

1.2 Modular design

Aim of the modular design is to achieve reliability of expeeintal equipment, good compliance to task
sharing between labs, limited cost with a significant amadimommon parts. The modular design was
first proposed in 1996 by PNPI St Petersburg team, then byt&ehbalantes team in 1999.

The specificity of the Station 3 (allowed room, cooling, grion...) induced by its location inside
the dipole magnet of the dimuon arm does not allow a direaaprtation from Stations 4 and 5, and
some PCBs are different from standard sizes in order to fit diftole magnet sizes.

The standard slat module features a rectangular shape (@O@ide active area, vertical wires, 800
up to 2400 mm long). There are 20 different sizes of slats Her3 stations. Slats are mounted in
horizontal rows of variable lengths in order to achieve psetircular shape.

Total sensitive area for one ST4&5 chamber is roughly 23 m

Overall external size (mechanical support structure bhedl) is roughly 5700 x 5200 x 600 nirfor
one station with its two chambers.
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Designation| Slat amount] Spare amount Length(mm)| Location PCBs amount
122000SR 2 1 1200 Ch.5 2x3x3
122000NR 2 1 1200 Ch. 6 2x3x3
112200SR 4 1 1600 Ch.5 2Xx4x5
112200NR 4 1 1600 Ch. 6 2X4X5
122200S 4 1 1600 Ch. 5 2X4X5
122200N 4 1 1600 Ch. 6 2X4X5
222000N 8 1 1200 Ch.5,Ch. 6 2X3x9
220000N 8 1 800 Ch.5,Ch. 6 2X2X9
122300N 4 1 1600 Ch. 7,Ch. 8 2X4X5
112230NR 8 1 2000 Ch. 7,Ch. 8 2x5x9
112230N 8 1 2000 Ch. 7,Ch. 8 2x5x9
222330N 8 1 2000 Ch.7,Ch. 8 2x5x9
223300N 8 1 1600 Ch.7,Ch. 8 2x4x9
333000N 16 1 1200 Ch.7,Ch8,.Ch.9,Ch. 10 2x3x17
122330N 4 1 2000 ch. 9,ch. 10 2x5x5
112233NR 8 1 2400 ch. 9,ch. 10 2x6x9
112233N 8 1 2400 ch. 9,ch. 10 2x6x9
222333N 8 1 2400 ch. 9, ch. 10 2Xx6x9
223330N 8 1 2000 ch. 9,ch. 10 2x5x9
333300N 8 1 1600 ch. 9, ch. 10 2X4x9
Total 132 20 2X653

Table 1.1: Sharing of slat chambers -> see full document Slat Tabl¢io8&3,4,5 _up date 05.11.2001
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2.1 Main features

Instead of most of wire chambers which feature a stiff franité thin windows, slat chambers are made
from stiff and thick windows (which are also cathode plangil lightweight spacers located between
windows and setting both pitch and gap for wires.

Requirement of transparency leads the use of lightweighemads, this may be possible if active
width of a module remains below 600 mm, taking into accouat kbnger wires means larger loading on
the mechanical structure. Another reason to limit the lergtwires is to avoid wire spacers which are
manpower and time consuming and lead to some inefficiencgszimnthe sensitive area.

Studies lead to choose 400 mm long wires. In fact, length oésvis rather given by mapping of
PCBs and necessity to avoid too long and too thin read ogpfsstri

With 400 mm long wires, TRIPPE and RICE-EVANS formulas givinimum stretching load 25¢g
@ 1.8kV,199g @ 1.6 kV, 17g @ 1.5 kV, 15g @ 1.4 kV.

Experimental tests show that HV working range is 1700-18080\their stretching load can be set
within 30-40 g without electrostatic instabilities.

This relative low mechanical loading allows the use of Wgéight structure. Despite "windows" are
stiff and thick, thanks to sandwich design they perform aXao.

A slat module is made from 2 up to 6 "square unit", mechanjdtls a single component, electron-
ically it is an assembly of, 2 up to 6, 400 x 400 rhoseful area PCBs.

A quarter of ST5 chamber features, from the beam plane toofhertrows of rectangular modules
(slats) with respectively 5, 6, 6, 6, 5, 4, 3 "square unitiis@ 5 units central slat.

Drawings Q083DDM107, Q084DDM115 refer to final design of,sdad sizes of all kind of slats.

Main components of slat design are:

1. Sandwich panel : aim to give mechanical stability to slat
2. PCBs: aim to contain read out devices and front end elgcso
3. Spacers : aim to set pitch and gap for wires

4. Frames : aim to transform slats into chamber
Main features of slat design are:

. Cathode planes made from sandwich structure.
. 400 mm segmentation of readout structure

. 400 mm segmentation of H.V. supply for degraded-sundyedration if wires failed.

. Use of high modulus carbon fibers for stiffness.

1
2
3
4. Readout pads and Front End Electronics on the same PCB.
5
6. Wires glued instead of soldered.

7

. No metallic parts in mechanical structure
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8. Sealing with RTV Silicon resin (soft glue), without scietaut re-openable.

9. Optimized guard wires

The 2400 mm long slat prototype integrated during springl2fibws that handling is easy : 2 persons
are required to handle longest slats while small ones cantegrated and handled by only 1 person.

One feature of the design is its robustness : if a wire fdilre is normally only a 0.16 fiost area
for a near 23 rhichamber.

Critical points of the design are the ability to achieve teguired accuracyH 50 um) for the PCB
width (399.800 mm) and the PCB flatness, H.V. supply conaasticonstraints for L.V. supply distribu-
tion to MANU345 boards, cooling of FEE, accessibility oftslan experimental area.

- Amount of matter

Slats are designed as transparent as possible in order teebepped and avoid dead areas : no
horizontal frames in active area, vertical inefficient zenthin 30-40 mm wide.

Rough evaluation of radiation length for one standard nedidctronics included :

Value over non overlapped areas (45% of area) : 1.0% X/Xo

Value at outer parts of PCBs (8% of area) :1.6% X/Xo

Value at overlapped zones (5% of area):2.0% X/Xo

Value at MCM boards location (40% of area) :2.1% X/Xo

Peak value at spacers location (3% of area) : 2.4% X/Xo

Mean value (with electronics, without cables) :1.6% X/Xo

The "transparency” of slat modules allows overlapped amgthout dead areas.

- Geometric thickness, weight

A standard module with FEE electronics, is 31 mm thick.

- overall thickness of one ST4, ST5 chamber : 265 mm

- overall thickness of one ST3 chamber : 215 mm

Weight of a ST5 chamber is estimated roughly at 100 kg, wiffpsut structure, with electronics,
without cables, 230 kg with cables

Slats are mounted on a mechanical structure which aims twareccurate and stable location in
time and temperature of every slat with respect to the ottitamss material expected for this mechanical
support structure is carbon / epoxy composite selectedymiptfor its high stiffness/mass ratio, but also
for its good thermal stability (1.2 T§K—1) which minimizes problems linked to monitoring, and the
composites process which allows good flatness.

The structure will be designed and engineered by CEA Saclay.

2.1.1 Cathode Sandwich Panels

Documents :

"Programme fonctionnel" (CCTP) + "Réglement de consuatafpour appel d'offres sur perfor-
mances" (file : programme_fonctionnel_panneaux_sanddach

Drawings : Q083DDM126, Q083DDM127, Q083DDM128, Q083DDM1Q083DDM130, Q083DDM141,
Q083DDM142, Q083DDM143, Q083DDM144, Q083DDM145, Q083DDMN, Q083DDM147

Cathode panels use sandwich structure in order to achidghesbffness and lightweight.

- Core is made from Nomex honeycomb 24 k§/(h347 g/nt for the whole sandwich panel) 8 mm
thick.

- Skins are made from 2 x 0.1 mm thick high modulus carbon/egogpeg. The carbon fiber from
Mitsubishi company is impregnated with 28% of resin epoxyed at 80-120C, and performs 314 Gpa
tensile modulus for the composite cured material (210 Gpatéel alloys, 76 Gpa for aluminum alloys).

The limited width of a module (400 mm) allows a small flexurdotiemation under gas differen-
tial pressure loading. Simulations with Finite Elementgphgation show a maximum deflection of 12
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um/mbar and a 5 mm thick foam core, anqu®/mbar maximum deflection with a 0.2 mm thick car-
bon/epoxy skin and a 6 mm thick core. Experimental valigafierforms a deflection within 10% of
Finite Elements simulation.

Initial flatness of sandwich panels is specified within $B®m (£0.075 mm/m <-> 0.050 mm/0.4
m)

Last development panels meet easily flatness specificdbetter thant 100um), but this result was
performed only after 6 months of unsuccessful trials. Pssad fabrication have to be quite different
from current process used by companies, especially coldepsois required in order to avoid strain
induced by thermal stress.

Production of sandwich panels will be made by a compositedymer company. 304 sandwich
panels to produce, including spares, featuring a total @ir&a0 nt.

Total production time estimated to 225 working days, roydhandwich panel/day.

The sandwich panels will be provided by Subatech Nantedher dabs.

2.1.2 Rigidity & Gap Fluctuations

Assuming a 0.5 mbar differential pressure, a 6 mm thick car@,2 mm thick skin of high modulus
carbon fiber, the deflection isun.

Experience from wire chambers with same parameters shawa thA5%AG/G relative variation of
gainis OK.

Formulas show that with present parameter&G4G of 15% is induced by Ag/g of 4% (110um)
relative variation of gap.

Conclusion : the design allows, to stay withinl5% variation of gain, including & 30 um tolerance
for location of wires, and a 5(m safety margin (for initial flathess of sandwich panel, ...)

2.1.3 Status and planning of production

- More than 20 different sandwich panels of different sizeslpced since October 1999.
- 4 development prototypes which meet requirements pratbge companies on spring 2001
- Market survey launched in May 2001,

- Market survey closed on July 2001, 4 companies selectedbdrstep.
- Technical specifications written and corrected

- Specifications to be sent to companies by end of Novembelr 200

- Choice of contractor expected by end of January 2002

- Order expected in March 2002

- Head of production expected in May 2002

- Start of production expected in June 2002

- End of production expected in May 2003

2.2 Design of anode-cathode spacers

Aim of spacers is to set both pitch and gap.

The compression load induced by stretched wires is sustdipesandwich panels not by the wire
support itself (spacers) which just transmit the load.

The wire support is rather a spacer and an electrical irmulain a mechanical (structural) compo-
nent.

Raw material

This spacer is made from Noryl raw material which is choseritéolow water absorption both at
room and at elevated temperature, and for its excellentriglacproperties which remain stable aver a
wide range of temperature, humidity and frequency vamatithese properties allow to reduce problems
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linked to leakage currents. Noryl spacers were widely usedLiIEPH Electromagnetic Calorimeter for
the same reason.

The SE100 variety of Noryl is selected (PPO, Noryl SE100, daetarded, easy flow, 1P&, 2300
Mpa, (= 1.11 g/crfl). Safety documents from CERN allow the use of flame retardeyIN

Alternative material is PPO Noryl foam FN 150 which is lightean standard Noryl (10%C, 2000
Mpa, (= 0.90). Unfortunately there is not enough time befoauction to qualify this raw material.

In order to insure a good gluing, Noryl requires to be cheftyiteeated with a sulfa-chromic solution
: 45g dichromate Na + 885 g H2S04 + 70 g H20, process tempera@fC, process time 20'.

Shape (see drawings)

Final design features spacers with V grooves in order to tilad¢ungsten wires at the right location
in pitch and in order to perform the right value of gap.

Status and planning of production for spacers

Prototypes machined in December 2000

3 companies have produced samples to prove feasibility.

Survey market launched in May 2001.

CCTP done.

Contract : on the way

Documents :

"Cahier des Clauses Techniques Particulieres (CCTP)gSgfum des besoins pour spacers, trajec-
tographie dimuon Alice"

Drawings : Q083DDM106, Q083DDM111
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Electronics

Active area

Electronics

Figure 2.1: The two regions in the Cathode Plane Circuit.

2.3 The Cathode Printed Circuit Board (PCB)

2.3.1 Introduction

The SLAT chamber cathode planes are made by double sidaédP@ircuit Boards (PCB). Owing to the
required detector performances, the circuit design, priiolu and assembly is a challenging task which
requires after production accurate quality checks on thetigtal properties and mechanical tolerances.

Since the beginning of 1999 more than 60 circuit samples haea produced. Extensive tests have
been made on their properties. Some of them have been assktabthake SLAT prototypes, tested at
CERN PS with pion beams or in the labs with sources.

In this section we present the requirements for these t&dhieir mechanical and electrical charac-
teristics, the quality controls during their productiome tompatibility with the other detector parts, their
assembly procedure and the foreseen costs and time scliedpteduction.

2.3.2 Circuit Characteristics

Each cathode plane element is a rectangular circuit, witirea of 580 x 400nn?, which can be divided
into three regions (see fig.2.1) : the active area, 400 x¥@dwide, where the pad matrix is etched, and
the electronics region made of two rectangular stripes 400 mn¥, to host the readout cards, plugged
on 100 pin connectors. Each active pad is linked to the gooreding connector pin through a connecting
line which is etched on the circuit backplane.

The SLAT modules have a constant width of 1 circuit (580). Precise dimensions are indicated
in drawing N. Q083DDM107. To guarantee the required stiffnand flatness PCBs will be glued on
sandwich carbon fiber - honeycomb panels one next to the. other
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2.3.2.1 Requirements

Here is a list of the main requirements for PCBs:

e Etching precision. The geometrical regularity of the padrinds an important issue to be able to
locate each pad on the SLAT with an accuracy of not worse tBamy

e Overall dimensions. The circuit nominal 400msize is to be carefully respected to be able to
mount adjacent circuits without superpositions. This iega precise etching and a strict tolerance
on the border cutting, especially in the x direction.

e Positioning. Precision holes should guarantee the cop@sitioning of the circuits on the granite
tooling during the assembly.

e Inter pad distance. The regularity of this distance is ingurto avoid dead areas or cross talk
effects.

¢ Width of the connecting lines. Due to the limited space inhtgh pad density configuration, the
connecting lines should be as thin as possible, to leavegéngpace between each other to reduce
crosstalk effects.

e Thickness. The circuit should be as thin as possible colvgatiith its stiffness, the impedance
coupling with the readout cards and crosstalk effect batvpeels and underlying connecting lines.

e Gas tightness. This requires to close the circuit vias.

e Long life. Circuit performances should be kept for 15 yegrsration.

From the study of many circuit prototypes and discussiom WI€B and raw material producers, and
with CERN TIS, we have developed and improved the circuijgmtoto satisfy the above requests in
view of standard production.

2.3.2.2 Circuit Description

In the following we discuss the main characteristics of t@#BRve intend to produce.

Dimensions The standard PCB size is 400 x 580r7. This is a good compromise between the SLAT
segmentation and the largest circuit size that most of ttasinies are able produce at an affordable
price. A further increase in the dimensions would have led tlecrease in the etching precision and a
sensible cost increase. The active area is 400 xd®f For the Slats with rounded circuit of tyf

we are obliged to extend the width of one PCB from 40to a higher value. Figs 2.2 and 2.3 show
the schematics for density 1 circuits of Bending and Non imenglane respectively.

Thickness In the choice of the PCB thickness the following factors hla@en considered:

1. reduce as much as possible the radiation length;
2. keep a minimal stiffness, mainly required in the regiomere the readout electronics is located,;

3. couple the impedance between the cathode circuit ane:#dumut electronics;
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Figure 2.2: Schematics of Bending plane PCB for highest density pads.
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Figure 2.3: Schematics of Non Bending plane PCB for highest density.pads
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Bending Planertint) | Non bending Planengn?)
Density 1 5x25 7.143 x 25
Density 2 5x75 7.143 x 75
Density 3 5x 100 7.143 x 100

Table 2.1: Pad Size for Bending and Non Bending planes.

Originally some prototypes were assembled with@rthick circuits. This value doesn’t well satisfy
the second and mostly third point. In fact to keep the valu®.2fmmand guarantee the impedance
coupling, we should have reduced the connecting strip wdldtlun to a critical value for mechanical
resistance and production cost. We have decided to inctbaskminate thickness to Omim This
value has been used for the last prototypes assembled irDan2#8lat.

For what concerns first point, namely the radiation lengtieparse the most important role is played
by the metal layer. So far we have used many values for the y&un tleepending on the availability on
the market, and from our experienceu® of base material seems a good value. We will come back on
this point in paragraph 2.3.3.2

Pad Size Rectangular active pads are etched on one side of the cir€hi¢ size of pads has been
chosen as a compromise between the chamber occupancy (B%jeatotal number of channels. They
are shown in tab.2.1. In the Non bending plane the pad widtd3Mmmis chosen to have exactly 56 pads
per row to optimize the number of connectors per PCB. A smaile like 5mmwould have increased
too much the number of channels, while a larger one like 888848 pads per row) has been shown to
reduce the possibility to identify the hit wire.

2.3.2.3 Distance between Pads

The distance between pads is chosen to minimize crosstalgt®ivith a negligible lost in active area.
Along the y axis the chosen distance is 36 Along the x axis, perpendicular to wires, PCBs are
glued one next to the other. The circuit positioning is aledi from the reference pins inserted into the
assembly tooling. The distance between pads along thistidireis 500um It has been chosen taking
into account the following points:

e The superposition between adjacent circuits must be astpide
e The tolerance on circuit etching is 150(3-75um),

e The error on PCB border cutting is another 3d@+85un),

2.3.2.4 Connecting Lines

Each strip is connected to the readout electronics by mefaslioe on the circuit backplane. The
chosen line width is 18@m This value allows to keep a minimum distance between lifie&50 um
in the highest density region, in order to reduce crosstfilcts without changing the circuit class. In
some rounded PCBs we will decrease the strip width down touth0so the class will be N.5 (more
expensive) instead of N.4.

2.3.2.5 Circuit Design

The circuit design will be made with CADENCE-ALLEGRO packadJp to now all the samples have
been designed either at INFN Cagliari or SUBATECH Nanteste@ithe relevant amount of different
designs to be produced, a task sharing between these twislédgseen for the standard production.
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Before production circuit designs have been crosscheckéd/aidated by the Orsay and Saclay group
involved in the design of the readout cards and busbars ptiotu

Circuit Number and Types Each chamber has been subdivided into three regions for eamaerns
the pad size, as shown in fig. 2.4. To reduce the number of P&t be produced, each circuit will
have pads of only one size. In this way there will be threentitad PCB" types per plane.

Moreover in the region around the beam pipe, slats with redrICB have been foreseen to reduce
event losses. These PCBs are of pad density 1 with specipé sivad dimensions. There will be two
types of rounded PCBs in station 3, and one type in stationsd45a Their drawings are shown in
fig.2.5,2.6,2.7. In chamber 5, due to the constrains impbgets position inside the magnet and to its
location in z, another type of special PCB is required. Thisuit will be 350 x 580 mm, namely 50 mm
shorter than the standard one.

In the "slat table" the total number of circuits requiredhiewn. The first column identifies the slat
type according to the following convention: the number @fitdi not zero represents how many PCBs
there are in the slat, while their value corresponds to thlkedemsity (1,2 or 3). A following "N" or "S"
indicates if all the PCBs are standard or if one is shortemalii a letter "R" is added when a rounded
PCB is present.

Column 2 indicates how many SLATS of each type are to be adsdmplus spares indicated in
column 3. We have then reported the slat active length inneold, its location in column 5 and finally
the PCB total number in column 6. We obtain in the end a tot&l5¥ + 653 circuits to be produced
subdivided into 14 different typologies.

2.3.3 Raw Material

The circuit etching is made starting from a double sided tete made of a glass fiber support and
two layers of copper. We have contacted two laminates perdu®ITRON and ISOLA-MAS) to have
information about the characteristics of the product aldél on the market which can satisfy our re-
quirements.

2.3.3.1 Insulator

The main requirement for the insulator is the dimensioraity during the etching process, the storage
before assembly and the many years of chamber operation.

Intable 2.2 and 2.3 column 3, we report the main physical éxdrical characteristics of a "standard
FR4", EP-84, produced by DITRON, which could be employedofiar circuits.

Ordinary glass transition temperature (TG) is L.38rom our discussion with laminate producers,
since the PCB will not operate at high temperatures a higfesfould not be needed.

A dimensional dilatation within 200mduring the fabrication process has been indicated by tircui
producers (CERN lab, Cistelaier). It implies an uncertaintthe pads etching. We can confirm this
value from our experience on the samples we measured andweddia@n into account this uncertainty
when considering the clearance to be left between pads idfrection and the border cutting distance.

Another possible source of dimensional variation is hutpidiVe have measured a dilatation of 60
pumover 400mm in the x dimension of a circuit, not assembled;ketd for months at a non stabilized
temperature and humidity. This effect can be recovered bgnditioning the circuit for few hours at
120" and is anyway within tolerances. Nevertheless PCBs willtbeked after production in a room
already existing at INFN Cagliari at a stabilized tempeamtnd humidity. After gluing on the sandwich
panels, PCBs will not show any appreciable dimensional gaan
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Figure 2.4: Schematic view of a chamber of station 3, 4, and 5 respegtivigh the different pad densities.
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Figure 2.6: Slat with rounded PCB R2 (station 3 chamber 6).
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Figure 2.7: Slat with rounded PCB R3 (station 3 chamber 5).
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Figure 2.9: Slat with rounded half-moon PCB, chamber 6.
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PHYSICAL PROPERTIES Unit of measure DITRON DURAVER
EP-84 E-Cu 156
FLAMMABILITY sec. (max) 4 3
7 5
WATER ABSORPTION % (max) 0.15 -
PEEL STRENGHT
-As received 180 -
-After thermal stress kg/m 160 185
-At temperature 125C (minimum) 140 175
-After exp. to processing solutions 160 175
FLEXURAL STRENGHT
-Lengthwise kg/m 55x 10" 6.6 x 10’
-Crosswise (minimum) 4% 10" 5.8x 10
GLASS TRANSITION °C > 130 > 120
TEMPERATURE
COEFFICIENT OF °c1
LINEAR EXPANSION
-X, Y direction 1.4x 10> 1.3x 10°°
-Z direction 7x10°°  14x 10°°

Table 2.2: Physical properties for standard FR4 and Duraver E-Cu 1&@)ba free.

ELECTRICAL PROPERTIES Unit of measure DITRON DURAVER
EP-84 E-Cu 156
DIELETRIC BREAKDOWN kV 85 75
-step by step (minimum)
LOSS TANGENT td 0.020 0.020
-at 1 MHz (max)
PERMITTIVITY € 4.5 4.5-4.9
-at 1 MHz (max)
ARC RESISTANCE sec. 120 a0
(minimum)
VOLUME RESISTIVITY MQ/cm
-After moisture resistance (minimum)  x11C8 8x 10°
-At high temperature % 10° 8x 10P
SURFACE RESISTIVITY M2/cm
-After moisture resistance minimum X710 4x 10°
-At high temperature % 10° 7x 10°
Q (RESONANCE)
-at 1 MHz minimum 90 90
-at 50 MHz 120 120

Table 2.3: Electrical properties for standard FR4 and Duraver E-CuHd6gen free.
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Halogen Free material At CERN, TIS is discussing in these months the possibildy skfety reasons,
to allow in the LHC experimental halls only PCBs made of halogree materiat.

Although the decision will be probably taken at the end of tféar, we have investigated this possi-
bility for our circuits. In particular we wanted to know iféhe are possible variations in the mechanical
and electrical properties of the halogen free material,veimat could be the price increase.

Since up to now halogen free laminates have been scarcetly B&&B producers normally don't
have such material on stock. Thus it is not easy to obtain fanpdes to test. Fortunately at CERN PCB
laboratory, since some test is going on, we found the pdisgibd produce 6 samples which are now
being etched. Anyway according CERN group (R.De Oliveinig material should be compatible with
the standard one, but its production much slower, for madagtons. The same opinion was given by a
laminate producer, MAS-ISOLA, from which we are waiting lrese days for a cost and a fabrication
delay estimate. In tab 2.2 and 2.3 column 4 we report the ptiepef an halogen free material, Duraver
E-Cu 156, produced by ISOLA-MAS.

In conclusion we intend to complete the tests on the halogsn dircuits already ordered and to
compare costs before the final decision on the raw material.

Insulator Thickness The chosen thickness is @mn The normal tolerance guaranteed by producer on
this value is+10% going from one roll to another. Local variations whiclulcbintroduce gap changes
should be normally much less. Random measurements on thdeqao circuits confirm this fact and
will be made on the standard production. On the other handetipgirement of FR4 with a more stable
thickness would sensibly increase the price.

2.3.3.2 Metal

Owing to its radiation length of 14.3 mm, the Copper layer theschosen as thin as possible. Most
of the PCB on the market are made starting with a base Cu ldyEf pm After vias metallization a
refilling is performed generally of 20m The final chemical gold plating introduces only 1 qura To
have a thinner Cu layer, it is necessary to start from a nordata laminate and to control the refilling.
We have produced several samples with Cu base layengnoffd even fum reaching a final thickness
of 15-20pum Even though we have observed good electrical propertiéstim of them, the value of 9
umseems a good compromise.

2.3.4 Circuit Fabrication

Here is a list of the fabrication procedures and of the iteorizet checked.

2.3.4.1 Etching

A tolerance of not more tha#t40 umwill be allowed on the pad etching. This value will be randgml
checked along each circuit. From our experience this peimtoi critical since the normal error we
measured on the pad size is less th&80 um A tolerance of 150m= +75umon the distance from the
first to the last pad column along the x direction will be cdesed.

1From the minutes of the 77th Safety Co-ordination Meeting f6C Experiments (21/9/2001):

¢ “Replacement materials for printed circuit boards contajrhalogens - status (feasibility of electrical tests aRBE -
Instruments for test is now ready; person has been selexfgetfiorm tests but has not yet accepted.”

e “Replacement materials for printed circuit boards corntegjrhalogens - status (Alternative PCB materials (protetyp
testing) - R.Schmidt thought that H.J.Hilke should be iegito present their current findings.”
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2.3.4.2 Vias

Each strip has a via for the connection to the backplaneidtaeter is 0.2mm, the minimal value which
doesn't require a laser technique for its drilling. To avgés leakage vias are finally closed by the solder
mask varnish. Up to now we have observed a good gas tightness.

2.3.4.3 Gold Plating

The gold plating after recharge prevents from Cu oxidatind should guarantee good functioning of
the circuits for 15 years. From the discussion with produaechemical gold plating seems the best
procedure. A visual check on each circuit will be made to cefee presence of non uniform golden
areas or other impurities on the surface.

2.3.4.4 Solder Mask

The two requirements for the solder mask are a good comfigtiith the ARALDITE glue and the
closure of vias hole. We have verified both this features orrag samples by using a varnish solder
mask.

2.3.4.5 Border Cutting

The precision in the border cutting is critical along the redtion to avoid superpositions between
circuits or cuts of the last pad column. For this reason tieripad distance was increased in this
direction to 50Qum

The nominal value of the active area along the x axis s 39%%®0Taking into account the etching
tolerance and the error on the position of the reference@irthe assembly tooling we estimate that the
border should be cut with an error of not more thRa8bumwith respect to the nominal value of 399.795
mm To reduce the error the cutting should be made using theicB@B axis as a reference, instead of
the reference marks which, since etched, suffer this uaiogyt

The value generally guaranteed by PCB companies is betw@@mrid 150um since the cutting
is performed with a numeric controlled milling machine,ngsias a reference the marks etched on the
design. Moreover there is an uncertainty coming from théingalegradation during the milling pro-
cedure. Nevertheless we measured a milling precision osamples as machined by the producers of
100umat worst. We have verified then that it is possible to spedaifthe producer a tolerance on the
border cutting of-Opm— 100um The samples employed for the 2400mm prototype were cuttiish
technique to 40&m+ Oum— 10Qum, a value which allowed their assembly without problems.

To better control the cutting precision another altermatiias proposed. A customized machine was
designed and built at PNPI, to cut and punch PCBs. It is basegiftat stainless steel table where the
PCB can be fixed after micrometric positioning with the helthoee microscopes. In this way the axes
of the machine are perpendicular to the circuit axes. The B@en fixed and the cut is performed with
two blades that can move along two rails.

The machine was installed at INFN Cagliari in October antetesip to now on three circuits with
very satisfactory results. The border cutting is quite amif with a 20um dispersion with respect to
the nominal value. The cut time is around 20 minutes per itjrathich means a total of 6 months of
work including the circuit measurement. More circuit saesghre now under production to make further
extensive tests also on the blade duration, which shoulddaend 50 cuts.

Anyway whatever will be the final choice, we feel confident tdain the required uniformity and
precision on cuts. On the other side this decision doeswi 8ie call for tender, since anyway the circuit
is milled by the producer and we can ask a border afrito be successively cut with the customized
machine.
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2.3.4.6 Positioning Holes

The PCB positioning on the slat panels is achieved througtptecision holes (H7) drilled on the middle
axis of each PCB. The circuit is positioned on the assemldlttwough reference pins (g6) inserted in
these holes.

In case the custom cutting machine will be used, the holdbe/punched instead of drilled. To allow
the cutting and assembly process one of them will be rectangu4 mnt. Measurements performed on
these punched holes gave satisfactory results on theiisfmed8 umin the diameter) and positioning

(10 pm.

2.3.4.7 Connectors

Each PCB has a variable number of 100 pin SMD connectorsngrighm 4 to 20, to plug the readout
electronics. The chosen connectors are: BERG STAK seriégcsumount header, 0.80 mm centerline,
produced by Framatome Connectors Internatidndh the Non bending plane other two%and two
40* pin connectors are present to place the Bridge Board andréveslator Board.

2.3.4.8 Connectors Soldering

SMD connectors will be soldered on PCBs after their optical geometrical check. As explained a
further electrical check of short circuits and interrupsalso at the soldering level is foreseen.

2.3.4.9 Circuit Assembly

The assembly technique involves the PCB positioning anithglut has been refined during two years
in the labs involved in the project.

2.3.4.10 Positioning

Circuit positioning is performed through the referencespirserted in the assembly tooling. The required
tolerance for these pins #810um on their nominal position. This value was already achievedhe
assembly tooling installed at SUBATECH, and used for thgd&lat Prototype mounting.

As already mentioned the two holes on the PCB will be rounélédlled or one rounded and one
rectangular if punched. Anyway they will be used for the tiosing of the circuit with respect to the
table and sandwich panel.

2.3.4.11 Gluing

PCBs are glued on the NOMEX insulator sheet which is gluedhersandwich panel. ARALDITE 2011
epoxy glue is used for this purpose. It is a multifunctionegihe bi-component of high resistance and
toughness, which polymerizes at room temperature. We hasschecked a complete compatibility
between the PCB solder mask and the ARALDITE.

2.3.4.12 Cathode Flatness

To achieve the required cathode plane planarity, the tiemd panel are assembled onto a granite as-
sembly tool with a planarity of less than 1Qthover 1m. During the glue polymerization a uniform load
is exerted on the cathode through vacuum pumping betweegréimite and a nylon foil that envelope
the sandwich.

2code 61083-102-002
3code 61083-062-002
4code 61083-042-002
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2.3.5 Quality Check

Before their assembly, PCBs must be electrically and mechiychecked. This operation will be made
at INFN Cagliari before sending the circuits to all the ladiories involved in SLAT production. After

delivery to Cagliari and during the quality control, cirsuwill be stocked in a room in which humidity

will be controlled and temperature kept aP202°. Humidity will be also controlled durin transportation
to other labs for assembly, with a special packaging.

2.3.5.1 Electrical check

Each circuit will be electrically tested by the producertwién optical device. This test guarantees
the correspondence between the design and the circuit,aomot detect some electrical defects like
for example interruptions inside vias. To do so an eledtiiest is required with an "ad hoc" device.
Moreover this test is needed after the connector soldeiidg.have enquired several companies about
the possibility to perform it. Some of them are simply noteatdb develop such a device for so large
circuits, others could make it but the cost is sensibly hige.have then decided to develop an electrical
testing device at INFN Cagliari. A short functional destidp is given in the following section.

Electrical test device A system to perform electrical test on the PCBs has been mkxbignd it is
currently under development. In order to be able to testhal different PCB layouts, on different
stage of mounting (i.e. with or without connectors) and otinlibe analog (pads to MANU) and digital
(LVTTL and LVDS BUS) connections, a full modular system hagt designed. The schematic diagram
of the control unit is shown in fig. 2.10. The unit can operasnd-alone or connected to a PC. When
in stand-alone mode the configuration to test a specific PC& bwiloaded (just once, from the PC) in
the EEPROM memory. The operator can then control the unitchedk the results of the test through
the front panel display and keys. When connected to a PC thevilinoe controlled by the application
which runs on it.

The Unit is connected to the PCB with two flat cables, throudhpéer pods and contact plates
specific for the PCB and the type of test (see fig. 2.11).

Principle of operation.

The out matrix has 64 outputs that are normally on a high-tapee state. They are pulled to ground
one by one during the test. The 64 inputs of the input matextlaen selected in sequence and the state
of each compared with the configuration in memory to verify tbnnection quality or any short circuit
between adjacent lines. A pull-up resistor network on tipeiis assures a valid state when there is no
connection to ground through the output matrix lines. WB#el/O lines are enough to test the digital
buses, the pads in the PCB are up to 640, so one line of thetautuux will drive several pads. A
special care is taken on the design of the contact platestweathat the pads driven simultaneously can
not be shorted due to a defect on the PCB.

An estimated time for fully test a PCB is between 10 to 15 nespthus if a total number of 1300
PCB must be tested the amount of time needed will be aroundhG0G.

2.3.5.2 Dimensional check

The geometrical check will be performed on each circuit \ilita help of a measuring device, installed
since two years at INFN Cagliari, and full time availablettoe ALICE experiment. This device, a CMM
(Coordinate Measuring Machine) with a CCD camera, can mieatigtances with an accuracy ofim
over 1 m range.

All the circuit up to now produced have been measured withfichine. The foreseen checks are
intended to verify the following parameters:
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Figure 2.10: The schematic diagram of the control unit.
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Cable to test system
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Cable to test system

Figure 2.11: Connection of the unit to the PCB through two flat cables.

e Overall circuit size iny and x. It is important particulatly check the border cutting, namely that
the x dimension is not greater than the nominal value of 3¥@n (theoretical value of 399.795
mm) and the etching precision.

¢ Distance between the positioning holes. The nominal vaut80+0.010 mm. This distance is
crucial to have a correct PCB positioning. The holes axistrhasaligned with the PCB y axis
within 10 um

¢ Distance between pads. This value is 2B0along the y axis and 50@m along the x axis The
tolerance on these values atre70um This measures will be randomly crosschecked along the
circuit.

2.3.6 Costs

According to the ALICE Memorandum Of Understanding, Slahode plane PCBs production is in
charge to INFN.

A cost of 500CHF per circuit was foreseen (ALICE CORE) for deuit production, connectors
purchase and connector soldering. From our recent andrpnaliy estimations we can confirm this
costs.

We can subdivide the production into three items:

1. Standard PCB production;
2. Rounded PCB production;

3. Connectors Purchase;
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4. Connector soldering.

The sum for all the project has been financed in two tranchddlbi in years 2001 and 2002. Since
the call for tender will take several months, and the firstamidas already been allocated for 2001, the
financial procedure at least for point 1 and 3 should starthbyeind of the this year. This means that
the committee which rules the purchasing procedure shaultbminated in order to allocate the correct
amount of money for each item, but does not imply that the fleaign must be freezed by this date.

2.3.7 Time Schedule for design, production and test

The start of the first standard slat assembly is foreseen éoeber 2002. The time schedule is done
to allow design, production, quality check and delivery loé ffirst circuits by November 2002. The
production and test procedure should be ended by Octobdr. 200

2.3.7.1 Design

The last 2400 mm slat prototype cathode planes were congpatith the new version of the readout
electronics. Although not final, it is very close to the finako Thus the bending and non bending plane
circuit designs need only very small modifications. Thesgudis are the most difficult for what concerns
the routing, since they have the highest pad density. Wetplanmplete the design for all the standard
circuits by April 2002.

The rounded PCB design is more complicated, given its shageaaymmetry. A rounded slat
prototype with the new version of the readout electronidshei tested in spring 2002. So we foresee to
complete the deigns of this type of circuits by November 2@ifce the rounded slat will be assembled
in a second phase, this point is less critical.

2.3.7.2 Production

According to our experience, the production delay is noy éa®stimate and depends on many factors
like the availability of raw material and the working schédof the producer. We can roughly foresee
a production time of six months for the standard circuits tirde months for the rounded ones. Of
course this time could be much longer if it will be decided $e a halogen free laminate. The connector
soldering could be done in around one month for all our pridaoc Thus we plan to start the circuit
fabrication by October 2002.

2.3.7.3 Border Cutting
In case the border cutting will be made by the producer, PQBowidelivered already cut. If we decide
to cut the circuits in our labs, we can estimate about 90 dal/tirhe working to complete the job.

2.3.7.4 Quality Check

The geometrical check of one PCB takes about 30 minutes plumidutes for the electrical control.
This means about 120 days to complete the job, which of caoskl run in parallel with the border
cutting.

2.3.8 Appendix 1 : List of the contacted PCB Industries

Here is a list of the companies up to now contacted and weltlegrare able to produce our circuits or if
they have already. These contacts and the samples prodeced/ery useful to know what is available
on the market and what are the limitations. Producers aiiedtati with a number. Complete list with
names is available on request.
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CERN PCB laboratory (Mr. A.Gandi). Samples produced. Goaality. Not able to produce on
large scale.

1. Producer 1

Produced circuits of good quality on @i Cu. Other samples now under production for mechan-
ical and electrical tests.

2. Producer2
Many samples produced of good qualityurdCu raw material available on stock.

3. Producer 3
Produced samples of good quality.

4. Producer 4
Circuits presently under production (standard fr4).

5. Producer 5
Produced circuits of good quality. No estimation for segesduction received since 1 year.

6. Producer 6
Not able to produce at home.

7. Producer 7
Produced circuits of poor quality.

8. Producer 8
Not interested to produce small series (150 pieces).

9. Producer 9
No quotation received.

10. Producer 10
Not able to produce such large circuits.

11. Producer 11
Unable to produce such large circuits.

12. Producer 12
Not able to produce such large circuits

2.3.9 Appendix 2 : Contacted laminates Producers

1. ISOLA ag. MAS ltalia S.p.a.,
I-51032 Bottegone (PT),
e-mail: Boldrini@isola-mas.com
Standard raw material received and used for cutting testimBgtion requested for halogen free
laminate.

2. DITRON Address: Novara Telephone: 0321 771711 Fax 032144. e-mail: ditron-sri@libero.it
Standard raw material received for mechanical tests.
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2.4 Slat integration process

2.4.1 Documents:

- Description of slat assembly (file : assemblagioNantesE2gdoc)
- Slat integration, Operator’'s Manual (file : slat_integratdoc)
- Drawing Q083DDM107
- Drawing Q084DDM115 : Slat Cross section
- Drawing QO80DDM109A : Assembly table (Marbre d’assembl2g50)
- Drawing Q083DDM106 : V grooves spacer

2.4.2 Preliminary

Integration of slats requires dedicated room, temperatongrolled (20°C+ 2 °C), humidity controlled
(< 60% RH), fairly clean (Grey room), minimum area of 48 storage area @ RH<60%

2.4.3 Assembly table (drawing QO80DDM109A)

This tooling is the masterpiece of integration of slat talilaims to :

1- define a reference of flatness : specified flatness is Clas920(mm/m)

2- define absolute location of each PCB, define location afoetpads

3- support of vacuum system which produces mechanical loadifferent gluing process

The prototype of the assembly table was designed and emgthbg Subatech Nantes in 2000.

Granite raw material is supplied by Maitre company, fine nra@oly was achieved by EADS on a
large jig-boring machine (one of the largest one in Europex 20°C temperature controlled room,
tolerances of-0.010 mm were performed for location ®B8H7 bores which aim to locate PCBs.

The assembly table was qualified in spring 2001 with 1600 &) 2nm long prototypes.

2.4.4 Dielectric sheet assembly

A dielectric sheet is intercaled between the PCBs and théwsiah panel in order to reduce capacity and
induced electronic noise.

0.250 mm thick Nomex (Polylmid material) is selected anddedéd as dielectric sheet.

Nomex sheet is glued on the carbon/epoxy skin of the sandpaciel with a film of araldite 2011
epoxy resin, 2 x 0.020 mm thick.

Total amount of Nomex 550 x 0.44 = 242m

Nomex will be supplied to each laboratory by Nantes group.

2.4.5 PCBs assembly

The PCBs are glued on the sandwich panel (Nomex side) in twderm the cathode planes. Accurate
location of PCBs is given by assembly tooling ref. QO80DDIMIAQvhich is mainly a large flat granite
table with locating bore$3H?7.

Mounting of each PCBs uses the t®3mm H7h6 rods, located in the middle of each PCB, 430 mm
4+0.020 mm spaced, one rod is located at 215 #®010 mm of the median centerline will be used as
locating rods during gluing process on the sandwich pan@1@ mm H7h6 rods locate sandwich slat
versus PCBs.

A standard 2400 mm long slat uses 200 g of Araldite 2011 fangltlomex and PCBs sheets.

All gluings use 2 x 0.020 mm layers of Araldite 2011 used withi& ratio 100/60 (1.67/1p = 1.066
glcnt)

PCBs are supplied to each laboratory by Cagliari group wittating holes, sides machined and
connectors soldered.
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2.4.6 Spacers assembly

Spacers are supplied to each laboratory by Nantes group.
V grooves spacers (X spacers) are glued first on X PCBs (bgmdémes)

2.4.7 Wiring process

@ 0.020 mm tungsten-rhenium wires are supplied to each l&drgray Cagliari group.

There are 3 winding machines located at Cagliari, GatchibSaclay.

Saclay group will supply Nantes group in wounded frames.

Wires are fixed by gluing not by soldering.

Glue is standard epoxy with modified mix ratio in order to irshetter adhesivity properties

Gluing avoid chemical induced failure of wires. When soidgmprocess is used there is an emission
of a ZnCb spray which chemically attacks wires and induces failurddrease of the wire cross section.
ZnCl, is one of the components of the soldering flux which aims tarckae metal surfaces.

Chemical attack can be avoid by washing planes just aftdesol in a slightly basic solution and by
washing in a demineralized water bath. But a few labs havedtpeired washing equipment (generally
ultrasonic baths). Moreover the washing process is prgbimbhvoid with the slat chambers which
contain a large amount of hygroscopic materials like epesyrand polyimids.

Tungsten wires gluing process was qualified on differentgtypes, mainly on the 2400 mm long
prototype which was tested at CERN in June and October 2001.

Long term tests are on the way in order to know if there is arnageffect for adhesivity of wires.
First results show that thé 0.020 mm tungsten wire brakes (at ultimate tensile strgriggfore to slide
in glue.

2.4.8 Sealing of slats (soft gluing)

In order to limit amount of matter the design avoid mechdmnpeats like screws, bolts, seals, and so
modules will be sealed with RTV160 (one component Room Teatpes Vulcanizing silicon resin,
with alcohol by-products (non corrosive), from Generaldiiie).

Amount : 400 ml/ 2400 mm long slat.

With the help of a zip nylon wire located at the bottom of theaye where is pasted the RTV , slats
can be reopened, this operation requires about 2 hoursdaricg may require 3-5 days for longest
slats.

This concept was experimentally qualified in small protety@t Cagliari, Nantes, since summer
2000, and then on the 2400 long slat prototype in summer 208ier qualification tests are expected
on various prototypes in order to have more statistics.

In order to be able to replace quickly a disturbed slat duarghut down, each model of slat will
have one spare.

2.5 Organization of slats production

Today, this point is not frozen.

Amount of slat to build :152

Involved labs :4

-> rough sharing : 38 slats / lab

Different types of slats :20

Maximum number of slats for a given type :16 (slat ref. 333000

->in order to save time, it is wishable that all slats of oretwvill be integrated in the same lab

The 38 slats/lab option leads to unequal sharing in work,does not allow to build all slats of a
same type in a given lab.
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| Final Design| Validation | Survey Market

Contract | Realization

Sandwich Panels Done Done Done On the way 0%
PCBs Done 33% Done| 50% Done 0% 0%
Spacers Done Done Done On the way 0%

Wires gluing / Done / /

RTV Sealing / Done / /
Assembly tooling Done Done Done 0% 0%

Assembly Process Done Done / /
Frames 80% Done 0% 50% Done 0% 0%
Cooling 90% Done 0% 0% 0% 0%
Busbars 80% Done | 50% Done| 50% Done 0% 0%
Chamber Integration 80% Done 0% 50% Done 0% 0%
Cagliari Wiring Machine Done Done Done 80%
Gatchina Wiring Machine Done 80%
Saclay Wiring Machine Done 50% Done / / 0%
MANU345 Done 80% Done 0%

Table 2.4: Status of engineering (November 2001)

Other options are foreseen which lead to unequal sharingrrber but quasi-equal sharing in areas
of mounted slats (more equal share in manpower).

2.6 Other toolings

2.6.1 High voltage test bench

The high voltage test is important quality control procedtor be performed before the final sealing of
the slat. The goals of the operation are:

¢ Final cleaning of the slat
¢ Visualization of the slat defects
e Localization of the remaining impurities

The High Voltage Test Bench is specially designed to do #sk.t

2.6.1.1 Design

The views of the HVTB are presented in Figure 2.12. Actudhis is a box with transparent top. The
size of the box is sufficient to accommodate the largest Eleg.positioning holes of the slat are used for
its right positioning with respect to the top of the box.

The box top is equipped with spacers and the metallic mest spacers will guarantee the required
position of the slat to be tested with respect to the mesh.nTd®wh will be used as the second cathode in
the real chamber in order to reproduce the electrostatit ifiside the chamber.

The pneumatic devices (rubber membranes distributed atistence 40 cm over the box bottom)
are used for the lifting of the slat. The slat position in korital plane is defined by the positioning rods
which fit the positioning holes in the slat. One of the rodstoamd profile, the others are elliptical, thus
allowing some degree of liberty along the slat. This desigragtees soft and homogen contact between
the slat and top spacers thus reproducing the assemblagksiaetry. The tests on the prototype prove
the gomogenity of the lifting and that the slat do not stuckrdythis process.
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Figure 2.12: The overall view of the HV test bench. The inserts in the upper of the drawing illustrate the
idea of (from left to right, correspondingly) the slat lif§ device, slat positioning and the box sealing.

2.6.1.2 Main principles of the operation

The half-slat equipped with the anode wires should be post in the Test Box in such a way that
the metallic mesh at the top of the box is parallel to the ammdee at he distance 2t50.15 mm. In
this case the voltage is applied between the anode wireshentivb cathodes (pad and mesh), so the
configuration of the electrostatic field would reproduce tifahe assembled slat.

The volume of the box is filled with pure nitrogen. The nitrogeroperty to provoke the corona
discharge instead of sparking is extensively used. Thepis potentially dangerous for the chamber,
namely for its anode wires. The corona could be seen in tHandas, thus one can localize the defects
like still remaining dust or sharp tungsten peaks on the amades. The wires with insufficient tension
could be also seen as they produce the glowing.

The procedure also cleans the chamber as when the coronadisced at some peak, it causes the
ion bombardment, which would destroy the small dust pieces.

2.6.1.3 Operation

Before putting into the box all the pads of the slat cathodrikhbe connected to the ground by means of
the special connectors plugged in the MANU slots. Once taEisut into the box, its anode wires are
connected to the high voltage source, the box top is clokedslat is properly positioned with respect of
the top mesh, and the volume should be filled with pure nitnodgefore turning the HV on, make sure
that the gas in the box is stabilized (i.e. the volume of theogen passed through the box is not less
than ~10 volumes of the box).

Increase slowly the HV, checking simultaneously the curtBrough the chamber. Look at the
glowing of the wires, paying attention to the anomalies s@éw current (if it exists) should decrease to
a reasonable level.
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2.6.2 Winding machines

There will be 3 winding machines for the production of slatsCagliari, Gatchina and Saclay. Saclay
will supply Nantes with wires frames.

2.6.2.1 Winding Machine at INFN Cagliari

The winding machine of INFN Cagliari has been designed tdezeha great accuracy in the distance
between two wires, in the distance between the first and theviae and in the value of the mechanical
tension of wires.

The main features of the device are the following:

e Maximum frame dimension 1500900mn?
e Thickness of anode wires from ti200um
e Mechanical tension from 1 to 300 g
¢ Winding step from 0 to 18- 0.005mm
¢ Winding speed from 1 to 10 rpm
It will be so possible to achieve the following performances
e Dimension of frames 1379 750mn?
¢ Wires mechanical tension 5029
¢ Distance between two wires$+ 0.005mm
o Total error between the first and the last wir8.015mm
¢ Winding max speed 10 rpm

This machine is made by:

e the structure of HEB 140

the motorized linear motion slide

the rotation system for the frames

the wire tension controller

the drive controller

The linear motion slide is composed by a clearance-freeigioecball screw and a integral ball rail
system with integrated measuring system and AC servo motor.

A wire tension controller (Meteor MDRO033A) allows to obtaarmechanical tension of wires from
1 up to 300 g which can be either setup by means of a computeaouatly, directly on the device.

The rotating frame has been studied to use two or six wiredsato optimize the working time. In
this case it is therefore possible to have more frames wighvaorking cycle only. All movements are
made with AC servo motors which have enclosed the readotemysf the absolute position in order to
arrange the position of wires if needed and its movementristepnized with the wire carriage by the
software control.

The system software controls the speed of motors in ordezep khe precision of winding step.
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2.6.2.2 Winding Machine at PNPI Gatchina

PurposeTo wind the wire anodes to the frames (size of 500x700%nifihe acceptable wire thickness
range: from 15 to 250 mm .

Tension rangefrom 30 to 300 g.

Winding step is 2.5mm. It is defibed by the Combs - the dedicated screwsagiaiprofile. The screw
profile and its step define the winding step and the precisidheowire positioning. In this particular
device thewire position tolerancaloes not exceeds @, theaccumulated erroalong the total length
of the frame is below 5@m.

The winding step could be changed by the replacing of the soro other modifications of the
device are required.

The optimized rotation speed is ~10 rpm, so the winding tifne foame with length of 420 mm is
about half an hour. The software step motor control allovesviriations of the winding speed.

The Principle Parts
The Photos of the Machine principle parts are presenteceifolfowing pages. The parts are:

1. The rotating frame with the combs in appropriate holddilse two transfer frames are inserted
inside the comb frame. After the winding is completed, theewiare glued to the transfer frames.
These transfer frames are used for tha anode assembling §tetis.

2. The wire carriage with rollers is designed for the wirediaeg at right position according to its
rotation speed and the required winding step. The softwangrals the synchronization of the
carriage movement with the frame rotation: once the numbpulses sent to the stepping motors
is known, it is possible to synchronize the frame and caerjaositions for good wire feeding.

3. Wire tension and feeding mechanism.

The tension is controlled by the device, consisting of thefined and one movable wheals. The movable
wheal (roller) is hanged on the wire loop. The weight of tluler determines the wire tension. The
tension tolerances are by

e Friction in the wheel system (quite unstable parameter) and

e Acceleration of the movable roller: it runs up and down. This acceleratiaa two contributions:

Derivative from the wire consuming by the rotating frame.
Acceleration caused by the wire supply motor.

These two components are subtracted, thus partly comgetisaeffect. The motor with gear has
been chosen for wire supply in order to minimize the accét@ra The motor is controlled by optical
sensor: as soon as movable roller height exceeds the prediefire, the sensor turns on the motor for 3
- 4 seconds. As the wire is fed, the roller goes down. When thi@mnstops, the roller goes up due to the
wire consumption, and the cycle repeats.

The step motors are used for the frame rotation, they areatatt by the PC using CAMAC inter-
face and step motor control module. There are no speciaireznents for the PC.

The transfer frame is required for transportation of thedeuh part of the anode to the assembling
table and for anode wire positioning and assembling.
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2.6.2.3 Winding Machine at CEA Saclay

The Saclay winding machine has already been used by sexpeiments in the past. Several slats have
been wounded with this machine including the 2.4 m long pypi® succesfully tested last October. We
only remind few characteristics :

¢ Rotation speed: 0- 10 rpm
e wiring pitch : O - 20 mm, with at5um accuracy
e Wire tension ;: 17 - 275 g

This machine will be upgraded with a new winding mechanisri year. In order to reduce the machine
occupancy, up to 6 transfer frames will be wounded at the sammeeusing a squirrel cage (fig. 2.17).
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3 Frames and integration

3.1 Status report on slats supports

3.1.1 Introduction

The mechanical supports must hold slats in precise locatiime, with loads associated to electronics,

busbars, cables and the incoming gas supplies. The totght&ipported by the slats support structure,
including all, is estimated to 150 kg, 195 kg and 230 kg fottiStes 3, 4 and 5 respectively. Each half

chamber of Stations 3-4-5 have its own support. The 12 halfntfers of Stations 3-4-5 have the same
design, while the dimensions of supports depends on the auafislats for each stations. In total, there

are 3 sizes of supports. These parameters are detailledbia 4.

Table 3.1: Dimensions, with tolerances, and total weight of the sanbvpianels for the chambers of Stations
3-4-5.

Chambers number | Height (mm) | Width (mm) | Total Weight (kg)
CH5 37801 16201 <150
CH6 3780 1670 150
CH7-8 4900 22001 195
CH9-10 5700 2600 230

These supports were presented with frame design (hollavetste) in the Addendum of the TDR
(December 2000) in paragraph 2.4.4 [1]. For mechanicalsiphiyand financial reasons, Saclay decided
to study a more suitable design, in every respect. The adesgn consists of sandwich panels (full
structure), which is a much more rigid structure and has ldrelady presented in the Dimuon Cagliari
Meeting this year [2]. A mixed design with a sandwich panetdeing frames at edge side may be also
foreseen.

This status report presents first the different constraloesto physics, mechanics and environment.
All this contraints lead to the proposition of sandwich gdarsructure, studied in details in order to
answer all the requirements. Saclay prepares the ordeequoe for this market and some plans are
exposed below. During the year 2001, some investigatione haen made in several compagnies, in
order to check the feasability of our design, to modify soewhhical points if necessary and to get an
idea of the global cost. The main results of investigatiomspaiesented too in this report. Finally, the
estimated planning of tender and fabrication is given.

3.1.2 Physical, mechanical and interfaces constraints
3.1.2.1 Physical constraints

The first constraint is given by physics. The amount of maitethe active area of detection, must be
as small as possible. For this reason, we decided to give amaaxlimit of ~ 0.3%X, of matter in the
physics area. Therefore, only few materials could fill tleguirement : carbon fibeiX§ = 188 mm),
kevlar fiber &, = 407 mm) and eventually Glass fibet,(= 123 mm). The amount of matter depends
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Figure 3.1: Top view of Station 3 : detailed parameters on slats and stpffuckness are shown ; the dead zone
is 25 mm. The total thickness of Station 3 is 430 mm.

on the number of layers needed for the sandwich. Glue hasdorisdered too in the sandwich panel :
epoxy-araldite X, = 456 mm).

Moreover in order to minimize the hit losses due to the valtmart of the supports, the two half
chambers must overlap in the middle, by a distance correipgro the width of the slats spacers (25
mm for Station 3, and 35 mm for Stations 4 and 5, due to the rgazbles passage in the central part).
The Stations thickness is illustrated by figure 3.1 for $ta8 and figure 3.2 for Stations 4 and 5.

3.1.2.2 Mechanical constraints

The structure must be able to support the weight of all slitselectronics and cables, with the smallest
deformation as possible. Slats must not be affected by ttogrdations of the support in time. The spec-
ification on the maximum tolerated deformation in that casi,hyxi < 1mm Of course, this constraints
is solved by the type of raw material used for the structurer. this reason, several calculations have
been performed in order to determine what are the apprepmaterials.

Mechanical deformations of panels are simulated with NASNRode for Station 5, for several raw
materials, number of layers and layer thicknesses. Allehesults are presented in Table 3.2. Station 5
represents the most unfavourable case with the biggesindiores, loadings and risks of deformations.
The applied strengths in simulation are : the weight of threlgéch panel £ 18 kg), the weight of slats
(78 kg for 13 slats) and the weight of cables 130 kg : ~ 10 kg per slat).

Results of simulations show that carbon fibers give vergfatiory results, whatever the composite
type is (HR, HM1, HM2, HM3). Carbon sandwich panels offer &tdxerigidity for the slats, compared
to the other materials, with not an excessive valu&pK, (X/X, < 0.3% for 2 skins composed with
2 layers of 0.15 mm). The maximum mechanical deformatiorenies! is 0.4 mm in the round-shaped
part of the panel, with high resistance of carbon fibers wildy2rs of 0.15 mm each.

In addition of a good stiffness, a stability in time is re@dirfor the composite materials. They must
have a good behaviour in fatigue, no corrosion, and theyagl under heat and a certain humidity rate.
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Figure 3.2: Top view of Stations 4-5 : detailed parameters on slats apdats thickness are shown ; the dead
zone is 35 mm, due to the readout cables passage. The tatai¢iss of Stations 4 and 5 is 530 mm.

3.1.2.3 Thermal constraints

Deformations of the support, due to thermal expansions,t tmeidimited. Indeed, each deformation
leads to a deterioration of the expected resolution, becatithe errors made then in the slats position-
ning. Thermal calculations, presented in the cooling sttits® shows a hot zone, with a maximum
temperature value of 3 on the panel. The initial temperature in the cavern ’g20rhis indicates
the maximum gradient of temperature expected on the suppértsuggest a raw material with correct
thermal behaviour, i.e, with a very small thermal expansioefficient : order of magnitude should not
exceed 5 107%/°C.

Once again, carbon fibers offer a good thermal control. ksntlal expansion coefficient g =
1.2 x 1078/°C; consequently, the maximum displacement of the struetittea 3T = 20°C, for Station
5, with 6 m long, is 14im The maximum displacement of one slat (with 400 mm in heighty
direction) is 96umin that case. This last value represents a very low defoomatiompared to the
resolution expected in the Y Bending Plane (fu@f.

3.1.2.4 Other constraints : environment, interface with oher sub-systems

In the present situation, some other subsystems as Dipajmédand Absorber, are soon going to have
a complete design frozen. Several meetings were orgams2@Dil, in order to get a compromise about
the room for Station 3, inside the Dipole, and the room letihie Absober for all Stations 3-4-5 (axial
and radial clearance for the recess).

During the year 2001, external envelopes for all Trackiragi®hs must have been fixed very quickly,
as for the other subsystems of the Dimuon Arm, in order to lmbetter coordination of the whole
Dimuon Forward Spectrometer. Envelopes of Stations 3-feTansidered as almost frozen, with total
thickness of 450 mm for Station 3, 562 mm for Station 4 and 568for Station 5, taking into account
the axial clearance of the extended recess in Absorber [#sd envelopes brings a new constraint on
the thickness of the supports itself, due to the environmEat this reason, thin sandwich panels, with
severe tolerance, must be required, in order to keep thimi&ah their envelopes.
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Table 3.2: Mechanical deformations results for panels of Station B¢ftferent raw materials, number of layers,
layer thickness and orientation of fibers.

Composite layers | layer thickness | Orientation | Total deformations
Type number (mm) (mm)
Kevlar 2 0.10 0°, 9¢r 1.07
Kevlar 2 0.15 0°, 9¢r 0.74
Kevlar 3 0.10 0°, 45,90 0.47
Glass 2 0.10 0°, 90 1.03
Glass 2 0.15 0°, 90 0.70
Glass 3 0.10 0°, 45, 90 0.64
Carbon HR (E=220 GPa) 2 0.10 0°, 90 0.58
Carbon HR 2 0.15 0°, 9 0.40
Carbon HR 3 0.10 0°, 45,90 0.30
Carbon HM1 (E=380 GPa| 2 0.10 0°, 90 0.41
Carbon HM1 2 0.15 0°, 90 0.29
Carbon HM1 3 0.10 0°, 45, 90 0.18
Carbon HM2 (E=540 GPa| 2 0.10 0°, 9 0.41
Carbon HM2 2 0.15 0°, 90 0.29
Carbon HM2 3 0.10 0°, 45,90 0.15
Carbon HM3 (E=880 GPa| 2 0.10 0°, 90 0.32
Carbon HM3 2 0.15 0°, 90 0.22
Carbon HM3 3 0.10 0°, 45, 90 0.09

3.1.3 Slats supports proposition from Saclay

Taking into account all the previous constraints, Saclay developed a complete design of sandwich
panels, which answers to all the requirements, cited above.

The sandwich panels can be composed of 2 skins of 0.3 mm thidlon fibers, at maximum
~ 0.3%X,, and the core can be made with Nomex honeycomb of 15 mm thiod.rdw material carbon
fiber is not mandatory, but it reveals to be the best choicenferhanical and thermal reasons (slats must
not be affected by the deformations of the support and deftboms due to thermal expansions must be
very limited).

The external dimensions of the supports are given in Talile Bgure 3.3 shows the dimension of
support for Station 5 with the active zone for physics. Thiekiiess of the structure, ¥4 mm with a
flathess of 2 mm, fit the fixed external envelopes. This figuesgmts the location of several kinds of
holes with inserts too : inserts to centre and to supportltts, grillings for targets used in photogram-
metric technique, drillings for laser beams (Geometry Ntwimg System) and drillings for tooling.

Our specifications for the 3 stations are :

¢ In the vertical plane of the support structure (figure 3.3jlatmess of 2 mm+1 mm) is required.
This tolerance is hard to achieve in industry and leads toparesive cost.

e Inserts for the slats centring : length > 1 mm in comparisoth whe thickness of the support
structure.
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¢ Slats supports inserts determine the precision of the xpgsiions of slats for physics (figure 3.5).
These inserts are of great importance. The flatness for &snskeone slat is 0.5 mm. The length
of all these inserts is"® mm. Each group of 4 inserts, equivalent to one slat, have fodwed in
a virtual common vertical plane with a total flatness of 2 mm.

¢ Dirillings for slats adjustment tooling (figure 3.4) in thdfeient parts of the support structure (on
the side of panel and on the central circular part).

¢ Drillings for target used in photogrammetric process.

e Dirillings for laser beams of the Geometry Monitoring Systera illustrated in figure 3.6. For
Station 5, 2 holes are foreseen with the actual laser beasigndeEllipse holes dimensions are
180 mmx 100 mm for small and large axis. The laser tube section isroaeh at the moment.

¢ Drillings for supports hanging are illustrated in figure 3For Station 5, 3 holes are foreseen at
the top and the bottom of the half chamber.

e Due to the fixed external envelopes, the distance, betweaentinextremities of 2 successive sup-
port structures, must not exceed 31.5 mm.

To conclude, our actual proposition fill the 4 constraintsaded above : physical constraints, small
mechanical deformations, very small thermal expansionditting the fixed external envelopes. On the
other hand, all these specifications have a high cost, eqalan the following section.
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3.1.4 Preliminary investigations in companies

The goals of these investigations is to know if there were ames technically capable of manufac-
turing slats supports as we want, and to evaluate the priteeofandwich panels as well as the time
necessary for their realization.

10 french compagnies have been consulted. Saclay enceaniigrof difficulties to obtain answers
from these companies :

e Hesitations, because it was not a legal invitation to teratet moreover they had no time to waste
to evaluate the feasability and the prices of our supportgtstres. Some other companies, not
cited above, have declined immediately.

e Composite materials are used essentially in aeronautissally, companies are in charge of big
contracts with aeronautics companies (EADS, Boeing). hisequence, they are not interested in
the manufacturing of only a few pieces.

e Specificity of the supports with very large dimensions (3 n6tm). Companies have rarely the
equipment suited to these large dimensions (autoclavss jared table).

e Required tolerances (flathessb1 mm over 6 mx 2.6 m) demands precise equipment and accu-
rate machining. Also, severe tolerances induce high primesause of specific tooling.

In spite of all these difficulties, their propositions for &@pports are : an average cost around 2 to 3
millions FF, i.e., much more than expected in the Core Co€6 fillions FF, and the average facturing
time for the 12 supports is TO + 12 to 15 months (with TO, the dditorder).

These investigations learn us that, for the required flathesaw material is not of great importance
in the total price (contribution of 10% to 20%). For example, we will not divide the cost by two,
replacing carbon fiber, which is the best material, by gldsex for aluminium for the same flatness and
same tooling. What makes the price so high is clearly the taomdard tooling needed for the realization
of the large dimensions of panels (especially for Station 5)

On the four constraints detailed above, one constraint tew as to decrease a little the price :
increase a little the flatness of the panels, but this indimetsediately to increase the axial recess of the
Absorber. On the other hand, another solution is to find a emyable to realize our supports with less
specific tooling as possible. From that point of view, we fdancompany, which seems to be able to
produce a carbon sandwich panel, with the flatness of 2 failnnfim) on 6 mx 2.6 m, with only few
simple toolings not very expensive. We will investigatestbdlution in the coming months.

3.1.5 Next phases : prototyping and redaction of the terms ahe contract

A prototype would be useful to check the capability of the pamy to do a carbon sandwich panel with
the required tolerance. For this prototype, our requirdmeauld be : production of a carbon sandwich
panel with the dimension of Station 3 (3800>m1700 m), with a thickness of 15.6 mm. 2 carbon skins
of 0.3 mm thick, with a flatness of 1 mm (&+0.5 mm).

This prototype would allow the company to test their tooliagd would allow us to check different
technical points of our design before we freeze the redacidhe terms of the contract for tender pro-
cedure.
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In the mean time, a draft of the terms of the contract is in grseg, with a functional definition of
slats supports structures. All specifications will be giiretrerms of our proposition, described above.

From the planning point of view, it takes around 2 years fer panels delivery : around 8 months
for administrative procedure for order in CEA, and then abd6 months at maximum for the total
production of the 12 sandwich panels. If we start the adnmatise procedure in January 2002, the last
panels will arrive around January 2004 in agreement witlgtmeral planing.

[1] "ALICE: Addendum to the Technical Design Report of thendion Forward Spectrometer”, Adden-
dum 1 to ALICE TDR 5, CERN/LHCC 2000-046, Dec.2000.

[2] "Status report on frames design”, F. Orsini, presenmatit the Dimuon Meeting 2001 in Cagliari,
May 2001.

[3] "ALICE Dimuon parameters and Geometry", A. Tournairks flimuonparameters44.xls, transmitted
to all subsystems of the Dimuon Arm, updated on 25/09/2001.
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Figure 3.7: View of one chamber of the Station 5. Dash lines show the opesitipn.

3.2 Chamber integration

3.2.1 Slat mounting and positioning

Each chamber is composed by two half chamber that are medigirindependent with its own frame.
Each one is composed by several slats of different sizeddsémstance fig. 3.7) in order to cover the
geometrical acceptance®(2 8 < 9°). The slats are fixed to the frame with 2 scre@42 ) in each side.

The assembly will be done vertically in the SXL2 hall at theface of Point 2. Due to the lack of
place, each half-chamber will be transported down to thé&ingrmosition horizontally. A set of support-
ing tools will be designed to reinforce the frame structureach half-chamber during the transportation
from the surface down to the pit.

Each slat has two survey marks at each side, placedzif&hole, that will be used to the precise
positioning of each slat with respect to the frame. A positig device will be used for the fine tuning
(fig. 3.8). The photogrammetry technique will be used to me=ashe position of each slat with a
precision in the range of 50-1Qfn in the 3 directions (x, y and z). The position measuremeltowi
done for each half-chamber separately in dpen positionsee fig. 3.7 ), where each half chamber is
accessible to take the photogrammetry pictures. For thiestd, the pictures will be taken before the
final installation inside the magnet.

The frame itself will also be equipped with survey marks idesrto monitor the displacements during
the experiment and to position the chamber with respecetdithuon arm coordinates. Since the frames
and the slats structure are made of carbon fibers&k01) the thermal expansion is expected to be
negligible. The final alignment will be done with particles.

The slats active area have a 15mm (3 pads, equal to the typistér size) recovering in the vertical
direction to avoid losses and to have some redundancy. |Z ttieection, along the beam, the half
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Figure 3.8: Device for the slat position fine tuning

chambers are arranged as shown in the fig. 3.9. For the sBtlmncables are removed from the central
part and all the services come from the outer part, whiledrstations 4 and 5 this is not possible because
the readout can not be done only from one side due to the reddad time.

3.2.2 Chamber hanging : interface with the superstructure

The interfaces of the stations 4 and 5 are different from tégos 3 which is inside the magnet. We will
briefly describe both.

3.2.2.1 Stations4 and5

The frame of each half-chamber is fixed in a separate railgalba X direction (fig. 3.10). A position
ajustement in X, Y and Z is foreseen for each half-chambeckvhllows a fine tuning during the final
positioning. In the running position (chamber close) the tvalf frames overlap in the middle. This
solution has been chosen to reduce the loss in the centtgHi&6 of hits loss per cm of frame). Each
rail is fixed to the superstructure using “I” structures. .F3gl1 shows a general view of the integration
of stations 4 and 5. The displacement along the X directioa wdilf-chamber is motorized and there is
a system to lock the two half chambers in the middle.

3.2.2.2 Station 3

The integration of the station 3 inside the magnet is undetyst The fig. 3.12 shows 3 steps of the
installation inside the magnet. First, each half chambeaizged to an external removable rail parallel
to the beam axis in order to introduce it inside the magnetthistpoint the chamber is also parallel to
the beam axis. Second, the chamber is rotated when at tHeofethee recess. Finally, the chamber is
pushed to the final location.
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Figure 3.11: General view of the integration of the stations 4 and 5.
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The same system of fine tuning in X, Y and Z is also integratethénstation 3. We are in close
contact with the magnet team to define the interface betwerails of the station 3 and the magnet.

3.2.3 Chamber interfaces : Muon filter, beam shield
3.2.3.1 Beam shield

The inner part of all the chambers are close to the beam Hsigltions 4 and 5) or the beam pipe (station
3). In order to cover the geometrical acceptance dowrt @R appropiate recess is needed. A radial
margin of 5mm is taken.

3.2.3.2 Muon filter

The last chamber of the station 5 is close to muon filter. A 1@stance has been kept to insure an easy
installation and cooling.

3.2.4 Slat mounting/dismounting during operation

The access to each chamber is quite different from statiamd3tations 4 and 5. A slat from station 4
or 5 is easily accessible by opening the correspondingdifnber and can be dismounted in a rather
short time (~1 day). The situation is far more complex for $tation 3. In order to dismount a slat the
corresponding half-chamber has to be extracted from thenatadn that case, the Station 4 has to be
also opened. The overall operation could take a week. Inake of a slat is replaced, the re-alignement
will be done with particles.

3.3 Status report on Cooling

3.3.1 Introduction

The cooling system aims of dissipating the heat produceddayrenics and keeping all the stations in a
stable environment with temperature around@ONo dissipation is allowed in the L3 cavern. Consid-
ering the present version of GASSIPLEX, the heat dissipatiothe electronics amounts to 2.1 kW in
Station 3, 2.8 kW in Station 4 and 3.3 kW in Station 5.

Direct cooling by conductive exchange between componerdsaater circulating in tubes is effi-
cient, but inadequate because of the amount of matter inctiveearea of tracking stations. A cooling,
based on forced circulation of air is therefore investigatimce 2000 (natural convection of air leads to
a maximum temperature of 83®).

The principle of air cooling for the tracking system has bapproved by the ALICE Integration
Team since the Cagliari Meeting in May 2001. Installatiom@bmmon cooling unit for the five stations
of Tracking System is under study at CERN. Stations 1-2, wi#hr specific closed environment and
guadrant design, are the object of studies lead by IPN OrEhg. present status report concerns only
Stations 3-4-5, which are build with modular slats desigd placed in an open environment (except
for Station 3 into the Dipole magnet). The cooling of Stasi®4-5 is under the responsability of CEA
Saclay.

Thermal studies of the Stations 3-4-5, presented here, Ib@®e made with StarCD code, which
computes thermal heat transfer in fluids and dynamical floiWse heat dissipated by electronics is
simulated by heat flows on strips, located on the top and thiroedges of PCBs. Air flows are
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Figure 3.12: Integration of the station 3 inside the magnet.
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considered as laminar (air speed remains inferior to 1 rarfg), ambient temperature of air in the cavern
is 20°C. Temperature in the magnet is°8) according to the calculations of the Dipole group.

3.3.2 Cooling with Panels geometry

In present time, cooling calculations with panels geomlestye been performed only for Station 5, which
represents the most unfavourable case : Station 5 is thelosmktd station with slats and electronics
components. The power dissipated by electronics is 3.3 kW.

For Station 5, in our present simulations, air extractiors weade on the both side of the station.
In the future, air extraction will be placed at the top of teiation. Two air flow values for extraction
have been tested : 606°/h and 1200m®/h. Results are summarized in Table 3.3, wherAT >gmyis
the temperature difference, obtained by simulation, betwibe inlet temperature at 2D and the mean
value of the outlet temperature, corresponding to a givefi@ai. This last value can be compared to
< AT >caic, Which is the temperature difference, obtained by a simglieutation, coming from the basic
heat transfer equation, between the inlet temperaturehanolitlet temperature, corresponding to a given
air flow :

P

AT =——
< >calc PxGxCy

where P is the power dissipated (W), G the volumic flow ratés, p the density of air = 1.20 kgf®
(air at 20C, 50% HR) andC,, the specific heat for air = 1000 J/(kg.K). In Table 3.3, a gogtament
is observed between the valuesAT >gmyand < AT >cac, Which reinforces our model taken for the
simulations. Moreovek AT > gives the information about the temperature of the air, vinias to be
removed by the future cooling unit for Station 5.

Figures 3.13, 3.14 and figures 3.15, 3.16 illustrate thdtseshbtained by simulation, about tempera-
tures and velocities of air on the slats plane, for an air flguatto 600m*/h and 120am*/h respectively.
In both case, air velocities remain laminar and do not ex€e@dms .

Air flow is well canalized and circulates vertically alongethlats plane. Nevertheless, a extended
hot zone at 42C is still remaining with an air flow of 606n®/h. This might induce permanent heating
for electronics in this area on long term. For this reasois,better to employ an air flow more important
such as 120013/ h ; then the hot zone surface decreases and its temperatowees:1 375°C.

Table 3.3: Results on the cooling by air for the Station 5 (forced cotioeg.

Description | Air flows | Tmaf°C) | < AT>simd°C) | < AT >caic(°C) comments

of Cooling (m?/h)

extraction 600 42.1 14.2 16.5 extended hot zone
at421°C

extraction 1200 375 8.1 8.2 hot zone at 35°C

Conclusion :

For Station 5, air extraction on the top of the station is gendugh to cool electronics on slat, with
an air flow equal to 12067 /h. A hot zone is still remaining at 3%°C and this point has to be optimized
and will be studied more closely in next simulations. Copllvy air is therefore sufficient for the 3
Tracking Stations with such an air flow and this solution hesrbapproved since the Cagliari Meeting
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in Villasiamus, in May 2001. Saclay group requires then 1@80h per station to the CERN EST/LEA
group.

STAR

PROSTAR 3.10

15-0CT-01
TEMPERATURE
BELATIVE
CELSIUS
I[TER = 1405
LOCAL Mx= 42.07
LOCAL MM= 20.00

4207
40.50
35.92

3754
3577
34.19
gz 61
31.04

Z9.458
2788

= ™

Figure 3.13: Station 5 : forced convection with air extraction flow = 6d®/h. Longitudinal cut of temperatures
in the slats plane, where temperatures are maximum.

3.3.3 Proposition from CERN EST/LEA : one common cooling urtifor the five stations
of the tracking system

Several cooling meetings have taken place in 2001, with &Kegory and S. Evrard from CERN
EST/LEA group, who are in touch with CERN ST/CV group. Then CE&aclay’s request is approved :

e Station 3 : air injection at the bottom of the station (air ﬁszZOOrr?/ h, with Tinput = 20°C), and
air extraction at the top of the station (air flow=1208/h).

e Station 4 : air extraction at the top of the station (air flo&8am?/h).

e Station 5 : air extraction at the top of the station (air flo&8am?/h).

The proposal from EST/LEA group is a common cooling unit far tive stations of the Tracking System
(presentation made by S. Evrard [3]) ; Table 3.4 resumes #ia nooling parameters for all stations.
The cooling unit will be placed in the UX25 cavern, and itsreltéerics are the following :

e The ideal dimensions for the common unit are planed to takeaocount some spare : total flow
is 5000m3/h, with a total power to dissipate of 20 kW.

[} inlet = ZOOC, Tout|et == 3OOC, Tmax(chambe)' == 403(:

e Recycling for Stations 1-2-3 is provided ; recycling for t8ias 4-5 can also be provided very
easily, if necessary. This last solution is under study.
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Figure 3.16: Station 5 : forced convection with air extraction flow = 12@®/h. Air velocity vectors in the slats
plane, where temperatures are maximum.

Table 3.4: summary of the cooling parameters for all Tracking Stations

P (kW) | Qv (m®/h) | <AT > (°C)
Station 1-2 5.8 1000 17.4
with water cooling| 2.3 (40%) 1000 6.9
Station 3 2.1 1200 5.3
Station 4 2.8 1200 7.0
Station 5 3.3 1200 8.2
TOTAL 14 4600 9.1

¢ High reliability (due to the access difficulties in the L3 eav during run period) : two engines are
foreseen.

e Fans with variable velocities. Mind the magnetic field in tdawern.
¢ Dimensions of the unit :hx 0.5mx 1.5m.

e Cost: 30 to 40 kCHF.

3.3.3.1 Share of the tasks

EST/LEA group provides the cooling unit and air ducts up ® blottom of the five stations. The con-
ception and integration of suitable diffusers is under gaponsability of IPN Orsay group for Stations
1-2 and CEA Saclay group for Stations 3-4-5.

Some characteristics about air ducts for cooling are ginethe following Table 3.5 : for each air
duct diameter, the air flow, the corresponding velocity &dered as uniform on the pipe section) and



3.3 Status report on Cooling 61

loss of pressure are given. This table gives an idea of tlerelift type of air ducts that can be used. No
definitive solution is decided at that time ; the best solutiepends mainly on the integration possibility
for each station.

Table 3.5: Pipes parameters

Diameter of air ducts (mm) | Qv (m3/h) | v (m/s) | dPi (Pa/m)
200 1000 8.8 4.5
200 1200 10.6 6.5
250 1200 6.7 2.0
400 4600 10.2 2.5

3.3.4 Planning : next phases

Cooling activities at CEA Saclay will continue for the 3 #&at at the beginning of 2002 :

e Simulations : new calculations for the three stations wiltinue with a new software CFDesign
at the beginning of 2002. Air flow will be optimized for the &er stations, in order to remove or
decrease as much as possible hot zones. But in any casewalldloes will remain in the same
order of magnitude than the current values given above. uzdions will be performed in the
same time for Stations 1-2.

e Experimental validation ? : due to the lack of manpower ang:tiSaclay is not able to produce
some experimental validation for Stations 3-4-5 in 2002t &uOrsay have validated their simu-
lation code (IDEAS) with a thermal mock up of Station 1 (scRlén 2001, it is now possible for
Saclay to compare our simulation results with experiencen fOrsay.

¢ Diffusers have to be studied and integrated for the StaBefis.

e Integration of air ducts and cooling units have to be chedkegigreement between CERN and
CEA Saclay.

e Collaboration is reinforced in 2001 and will be increase@®92 between CEA Saclay (Stations
3-4-5), IPN Orsay (Stations 1-2) and CERN (EST/LEA & ST/CV).

e Collaboration with other sub systems have to be reinfortedause of the interfaces between
Stations 3-4-5 and Muon Filter (Gatchina) and Dipole Mag@ERN & Sarov). Temperatures
cartography has been sent by CEA Saclay group to Muon Fitterpgin June 2001, for thermal
calculations for the Muon Filter [4].

The planning for the cooling, from the CERN EST/LEA point ééw, which is in agreement with the
planning of CEA Saclay, is the following :

¢ Finalisation of requirements : January 2002 up to May 2002.
e Purchase equipment : March 2003 up to the end of October 2003.

¢ Installation equipment : January 2005 up to May 2005.
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Figure 3.17: Principle of practical integration of cooling diffusersrfthe Stations 3-4-5 : diffusers for air
extraction, diffusers for air injection and mylar curtaare represented schematically.

To conclude, the difficulties of the cooling integration denpresented schematically in Figure 3.17. For
Stations 4-5, diffusers for extraction of air must be insthhbove the rails and above the Superstructure,
because of the lack of room just at the top of the stationsaMylirtains are foreseen to canalize air flow

as best as possible. Air injection diffusers are now fonesee

The cooling for Station 3 could be improved with mylar cumgiwhich supply a protection against
the heat dissipated by the Dipole coils. On the other hamdntiegration of diffusers of Station 3 will be
more difficult than for Stations 4-5, because of the lack atplinside the dipole at the top and bottom
of the station. This last point can be seen on figure 3.18.

Finally, the cooling group of Stations 1-2-3-4-5 (IPN OrsayCEA Saclay) is worried about the
heat dissipated by the coils of the Dipole magnet. In preSem, the magnet dissipates up to 10 kW,
i.e. practically the heat dissipated by all the five trackatgtions. Moreover, the average temperature
inside the magnet is around 35 (last information given by A. Tournaire, Technical Comatior of the
Dimuon Arm). A message has been sent in September 2001 twnirife ALICE collaboration and the
Dipole magnet group of our worry. Since, the Dipole grouptiglging some isolation of the coils with
thermal screens.

[1] "ALICE: Addendum to the Technical Design Report of thardion Forward Spectrometer”, Adden-
dum 1 to ALICE TDR 5, CERN/LHCC 2000-046, Dec.2000.

[2] "Calculs sur le refroidissement des Stations 3, 4 et k(ta effectues en 2000)", S. Salasca, Note
interne Alice Bras Dimuon, CEA Saclay, Ref.6S3221C012DARv.2001.
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Place left for .li_'_ffusers and air’ ducts

Figure 3.18: Top view of the Dipole : place left for the integration of cimg diffusers for Station 3 is small.
Diffusers for air extraction will be probably divided intbree parts ; dipole coils and supports are in the way of
the air ducts.

[3] "Cooling of Tracking Chambers by air", presentation byEsrard, Alice Week Forum, on 12th
September 2001 at CERN.

[4] "Report on the Engineering Design of the Muon Filter" tBlI€ERN-PNPI Gatchina 2001, transmit-
ted on 20/08/01.
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4 Slat Electronics

The PRR for the electronics part is foreseen by the end of M#22so in what follows, just a
brief summary of the electronics will be given together vitik performances obtained with a full size
slat prototype. A much more detailed description of thetebmics equipment has been reported in the
Addendum to the TDR published less than one year ago.

4.1 General principle

¢ Although the Dimuon System is composed of two types of chasmfspiadrants for Stations 1 and
2 and slats for Stations 3,4 and 5), it has been decided tdasatme electronics for both types.

e It is well known that the spatial resolution obtained wittdpehambers depends mainly of the
signal over electronical noise ratio . In order to minimilze electromagnetic pick-up on the lines
it is preferable to preamplify the measured signal closé¢osburce, i.e. the pad.

e Given the large number of pads on a slat, it has been decidadoid a huge number of lines
or wires for transmitting the preamplified signals towarus ¢dges of the chambers. The conse-
guence is that all what concern the coding, the pedestalasuiioins and the zero suppressions will
be performed directly on board. It is then possible to redheenumber of lines down to a few
number for the read-out of the non-zero values.

4.2 Present status description

4.2.1 the signal treatment:

All the operations described above will be ensured by snwatds called MANU (for MAnas NUmer-
ical) plugged directly on the pad planes. These MANUSs (ses#@H.1) are essentially composed of:

Figure 4.1: View of a part of a slat with 10 MANU345 plugged
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1. 4 preamplifiers, filters and shapers with 16 channels dac¢he present version of MANU, a new
version of the CERN chip (GASSIPLEX 0.7 microns) has beem.u3de previous version (1.5
microns) had been studied for the HMPID characteristich witvery small number of primary
electrons compared to our case. To avoid a lot of saturafedmation due to a too high gain, a
new version has been asked by the team in charge of the elestrat J.C. SANTIARD with a
gain three times lower. Moreover it has been asked to moléydw voltage values.

2. two 12 bits ADC with a conversion range of 0 to +3V. The usenaf ADC instead of one permits,
for the same coding time, to choose chips with a lower consiompThese chips have a nap mode.

3. one MARC chip studied and realized by INFN Cagliari. Thie raf MARC is to sequence the
GASSIPLEX read-out, the coding, to perform the pedestalraations, the zero suppression and
to push the data on the numerical buses towards the fronD&.

4.2.2 the read-out;

The data are transmitted at 40 MHz by nibbles (4 bits) tow#rd<DSPs link ports located outside the
slats via numerical buses. With a so high frequency, thesesbencounter two limitations:

e the number of MANUSs plugged on the same bus must not exceeat &doboards. The main
reason is the signal adaptation along the line.

¢ the length of the buses makes level adaptators necessagnstate the signals from LVTTL to
LVDS standards.

4.2.3 DAQ:

For the 2001 October tests, a bench-test has been condtmethich, the front-end DSP sends towards
an other DSP located in a VME crate in which are also presenSthracker CRAMS (Caen Read-out
Analog Multiplexed System). This bench test structure Wwél reproduced for testing the slats in the
different labs during the slats mass production. An indaistrench test will also be made for the MANU
tests during the manufacturing

4.2.4 Accessories:

The MANUSs are fed by busbars carrying 3 low voltages (+2.525V and +3.3 V). For an average
consumption of 13 mW/channel, the voltage drop along a lindé worst case is estimated to beabout
40 mVv

4.3 Measured performances:

This electronics set-up has been tested during the lagtamltests at PS in October. The main results
are:

e the measured overall electronics noise with everythingnakto account (pad, line, connector
capacitances, ADC noise and LSB, GASSIPLEX noise) is ardiid electrons. The same mea-
surements in which the lines were cut just after the conneztee 900 electrons

e This value obtained in the experimental hall has been obdaditer insulating all the grounds of
the slat and of the electronics from the general groundabiailin the hall. We have been obliged to
proceed in such a way because the ground of the hall was reafly and this fact having already
been remarked by our colleagues of the HMPID. It is complaplyosite to the scheme we wish to
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Figure 4.2: Histogram of the electronics noise measured on more tha® ddénnels

follow in the final stage, i.e. to connect (the most often pae} all the grounds of the detectors, of
the electronics with the general ground of ALICE. WE ARE STNRELY DEMANDING, IN A
SHORT DELAY, A COMMON POLICY FOR ALL THE ALICE DETECTORS CONERNING
THE GROUNDING QUESTIO

4.4 Next future

44,1 Manas:

In a next future, the preamplifiers GASSIPLEX will be replddy the MANAS which have been studied
by our indian colleagues of SINP Calcutta, in collaboratigth J.C. SANTIARD. This preamplifier is
a clone of GASSIPLEX and the first iteration has given goodlts&xcepted a drooping which occured
during the 10 firsps.

A comparison between the two chips is reported in table 4.1

A few chips, with this drooping suppressed, of the seconatiten should be ready by November
2001 and if the tests are satisfactory, about 1 000 chipdaéhewprovided by March 2002. There remains
a concern with the size of these chips and with the compiiilaith the chosen GASSIPLEX packaging
because the manufacturer accepts to package this smallenloubhas still not given an answer for the
mass production.

4.42 MARC2:

In the first iteration the READ/WRITE operations were pemfied on the same bus and it has been
remarked that during the read-out some misinterpretatisere done by the MARC which interpreted
data as instructions. To avoid such problems it has beerdelkdb separate the buses for the two
functions (READ/WRITE) which has for consequences to sifyphe chip but to need two lines more.
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Figure 4.3: Noise vs. channel number

This solution has been successfully tested during the haseam tests by using an artefact. Now the
second iteration of MARC will be launched and should be rdadihe end of February 2002.

4.5 Status Report on Low Voltage

45.1 Introduction

The readout electronics for the tracking chambers of theudimForward Spectrometer require three
types of low voltage supplies:

e for the analog part : Vdd = +2.5 V, with a total power of 3755 Wlafss = -2.5 V, with 4587 W,
¢ for the digital part : Vhum = +3.3 V, with 3577 W.

The overall power is estimated to 12 kW. These requested ngowwgly high intensity currents with
low voltages and, consequently, the energy efficiency ofeleetrical connections has to be carefully
considered.

In order to make easier the energy distribution (cost, diamserigidity and weight of cables), each
alimentation current is limited to 25 A. From this consttaiBtations 3-4-5 are segmented in order to
limit the consequences of local breakdown and to not crebteaking of the readout bus chain.

Low voltage supply responsability is divided into threetpalow voltage power system, low voltage
cables & connectors (under IPN Orsayresponsability) arsthdms, which are soldered on slats (under
CEA Saclay responsability). CERN EST/LEA group is in chaofehe racks for low voltage power
supply and integration of cables up to the bottom of themtati CEA Saclay is in charge of the remaining
integration up to the busbars connections on slats. Th@trepesents only the status about busbars and
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Gain (+) | 3.5mViiC 3.6 mV/fC
Analog readout speed 10 MHz (max) | 10 MHz (50 pF load)

| | MANAS | GASSIPLEX0.7um |
| Technology | SCL12um | Alcatel-Mietec-0.pm |
| Peaking time | 1.2ps | 1.2ps |
| NoiseatOpF | 640erms | 530 e rms |
| Noise slope | 11.58 e rms/pF | 11.2 e rms/pF |
| Dynamic range (+) | 500 fC | 560fC(0to2V) |
| Dynamic range (-) | 275fC | 500fC(0to-1.1V) |
| | |
| |
| power consumption | 7 mWi/channel | 8 mW/channel at 10 MH2
| |

output temp. coefficienf 0.03mV PC | 0.05 mV PC

Table 4.1: Comparison of MANAS and GASSIPLEX Opfn characteristics

cables, which are in the slats environment ; the LV supplescdption will be one of the next subject of
the electronic PRR, organised in May 2002.

45.2 Busbars
45.2.1 Busbars material

Busbars are made of three tinplated copper bars (high ctinidypacopper), which are assembled to-
gether to form the bus. Each bar is isolated from the othetbgraethin isolant sheet (ex :kapton sheet),
in order to avoid short-circuits between the three low \g#& Moreover, isolant material and glue
should fill the Fire Safetyinstructions of CERN (TIS IS 41)udbars must provide low voltages to the
electronic components and they are soldered directlydstgrup on the PCBs. Their location can be
seen on Figure 4.4, under the MANU 345 board.

|
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Figure 4.4: Busbars location on the slat, under the MANU 345 board.
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4.5.2.2 Busbars dimensions and conception

Each bar of the bus has a section of 0.8 mm width by 6 mm heidtit Section is sufficient to provide
correctly the voltages along the slat, even for the longatr &l 2400 mm long. The maximum loss of
voltage is estimated to be 40 mV in a complete loaded line 6024m long.

Both ends of the bar are bent in two plies and the total lenfitheocore is 396.5 mm. Both extrem-
ities plies are not identical : one is shorter than the otmex,  order to facilitate the busbars recessed
fitting. The three busbars bring low voltages to electrotiiteugh 3 lugs. The thickness of one lug is 2
mm, in order to offer a good surface for the weld on PCBs. Tl3dsgs are bent so as to be placed, all
three, of the same level on the PCB. All these details arstithbed with the photographs below.

Isolant thickness is about 0.1 mm and its height must notezktlee height of the copper bars. De-
tails on busbars dimensions can be found on the drawingseBgub for the Bending Plane and 4.6 for
the Non-Bending Plane.

In total, only four conceptions of busbars are foreseentfordards PCBs, whatever the pads density
is. In other words, the other PCBs, with density 2 or 3 of padb receive the same busbars as PCBs
with density 1. All the PCBs chips will be arranged as a mildtipf 10 for the Bending Plane or 7
for the Non-Bending Plane. There will be also some specifgblts conception (special busbars with
adapted lengths) for the non standars PCBs (round-shapBd &GStations 3-4-5 and half-moon PCBs
of Station 3), but this conception is not ready at the moment.

Figure 4.5: Busbars drawings for the Bending Plane
The four types of busbars for standars PCBs, with the maxirdansity of pads (density 1), are
distinguished by the part of the slat where they are soldered

e Bending Plane Top (10 MANUSs 345) : 10 groups of 3 lugs, benh#oright. The pitch inter group
is 40 mm and the pitch between lugs is 5.08 mm.

e Bending Plane Bottom (10 MANUSs 345) : 10 groups of 3 lugs, herthe left. The pitch inter
group is 40 mm and the pitch between lugs is 5.08 mm.

e Non-Bending Plane Top (7 MANUSs 345) : 7 groups of 3 lugs, berthe right. The pitch inter
group is 57.15 mm and the pitch between lugs is 5.08 mm.

e Non-Bending Plane Bottom (7 MANUSs 345) : 7 groups of 3 lugs)thie the left. The pitch inter
group is 57.15 mm and the pitch between lugs is 5.08 mm.
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Figure 4.6: Busbars drawings for the Non Bending Plane

4.5.2.3 Busbars realization and planning

e First prototypes, made in April 2001 : some pieces have beeduged in a french company, in
order to validate the mechanical conception. Mechanictiinguis employed for the copper bars.
Some defects have been found in the design and improvementiemintroduced for the next
design. The company validates some tooling and producessamibling template.

e First pre-production made for the biggest slat of 2400 mnduiy 2001 : 24 busbars are produced
by the same french company (12 for the Bending plane and 1théoNon Bending plane). The
cutting of this serie was made with laser. This cutting pravde very bad, as we discover a
visible arrow on all the busbars. This point make us undetcstbat the best way for cutting is
bymechanical technique. Since the last test beam in Oc&@@k, moreover, there was problem
with lugs height, which were of different level. During ass#ly on slat, these defects lead to
soldering problems, which must be improved for the follagvin

e Future production in India ? For financial reason, it seerasttie busbars have to be produced in
India. First contact is established with an indian physiofsALICE. We think that we shall start
again some prototypes with the future indian company, aed fitoduces a small set of busbars
before the completeproduction. In other words, we stamnftbe beginning our procedure of
fabrication with an unknown indian company.

From the planning point of view, the final design must be aadén March 2002 and the order procedure
is foreseen between September 2002 and middle October B3lization have to start in November
2002. We hope to finish the design before March 2002, in omdgpénd more time with indian company
to prepare the tooling and to be sure of the way to proceed.

4.5.3 Low voltage cables
4.5.3.1 General points

Cables provide low voltages to the different slats busbBng. following photograph (on the left) shows
the connections with LVcables, using“cosse faston”. Trawilng (on the right) shows the principle of
LV cables distribution on the slat busbars. The LV cablesags is done only on the external side of the
chambers, due to the important amount of matter broughtdlatige section of these cables.

On this drawing, the separation of cables is shown : one dglile(S=5x 16mn¥), placed on the
external service support structure (SSS), is divided methand more supple cables, via a distribution
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Figure 4.7: Four types of busbars.

box. The distribution is then made on four points for each slarresponding to the four extremities of
busbars : Non Bending Top, Non Bending Bottom, Bending TapBending Bottom.

4.5.3.2 Description of LV cables

Cables should fill the CERN safety standards, with respetigdiresafety and radiation resistance. One
cable coming from LV supplies is composed of five conductdi§mn? section each. The following
drawing, figure 4.8, details the composition of LV cables. rétver, there are three senses : 3 pairs
of twisted cables, which have to be connected on the disimifblbox, in order to decrease the loss of
voltage not regulated.

Section, amount of cables, weight, loss voltage in lines@owlerdissipated in lines for Stations 3-
4-5, were estimated in [1] and are resumed, with the moshtetasign of slats and electronicchannels,
in Table 4.2 :
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LV cable. Right : Principle of kables distribution on slat.
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Figure 4.8: LV cables composition : 5 conductors with section ofli? each and 3 twisted pairs of senses.

4.5.3.3 Chambers segmentation with LV cables

The main constraint for the segmentation is to respect thémuan current value of 25 A, supported in
LV cables, coming from the supplies. In that case, taking adcount the number of electronic channels
per slat, and the strongest current value, given by the ivegatltageVss=-2.5 V (Iss=1.69 mA/channel),
the segmentation and sections of LV cables are the folloj2hg

Station 3 (figure 4.9) : 16 triple LV supplies for the whole staion. 4 supplies for 9 slats of one
half chamber ; segmentation from the top to the bottom of atielmamber :

e 3 slats arranged together : separation of 1 big cableid312 thiner lines of 5 conductors+
each conductor section is 1.33 ram

e 2 slats arranged together : separation of 1 big cable in&tHines of 5 conductors— each
conductor section is 2.0 nfm

e 1 slat : separation of 1 big cable in4 thiner lines of 5 condiget— each conductor section is 4.0
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Table 4.2: LV cables parameters

length per | section | total number | weight per | total length | total weight

cable (m) | (mm?) of cables cable (kg) (m) (kg)

25 /cable | 5x 16 96 24 2400 2300
cables| Rjine (Q) | Imadine (A) | AV (V) | Pudissipatedline (W) | total P (W) in all lines
V num 0.053 13 0.7 8.96 573

Vg 0.027 18 0.5 8.75 560
Vss 0.027 22 0.6 13.07 837

| Total Power dissipated in alB x 64 lines of ST3-4-5 is 1970 W|

mme.

e 3 slats arranged together : separation of 1 big cable<id812 thiner lines of 5 conductors>
each conductor section is 1.33 rim

Station 4 (figure 4.10) : 24 triple LV supplies for the whole sation. 6 supplies for 11 slats of one half
chamber ; segmentation from the top to the bottom of one halfrder :

e 3 slats arranged together : separation of 1 big cableid312 thiner lines of 5 conductors+
each conductor section is 1.33 ram

e 1 slat: separation of 1 big cable in4 thiner lines of 5 condrget— each conductor section is 4.0
mme.

e 2 slats arranged together : separation of 1 big cable in&tHines of 5 conductors— each
conductor section is 2.0 nfm

e 1 slat: separation of 1 big cable in4 thiner lines of 5 condrget— each conductor section is 4.0
mme.

e 1 slat: separation of 1 big cable in4 thiner lines of 5 condiget— each conductor section is 4.0

mme.

e 3 slats arranged together : separation of 1 big cable<id812 thiner lines of 5 conductors>
each conductor section is 1.33 rim

Station 5 (figure 4.11) : 24 triple LV supplies for the whole shtion. 6 supplies for 13 slats of one
chamber ; segmentation from the top to the bottom of one chamb

e 3 slats arranged together : separation of 1 big cable<id312 thiner lines of 5 conductors+
each conductor section is 1.33 ram

e 2 slats arranged together : separation of 1 big cable in&tHines of 5 conductors— each
conductor section is 2.0 nfm

e 2 slats arranged together : separation of 1 big cable in&tHines of 5 conductors— each
conductor section is 2.0 nfm
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e 1 slat: separation of 1 big cable in4 thiner lines of 5 condiget— each conductor section is 4.0

mme.

e 2 slats arranged together : separation of 1 big cable in&tHines of 5 conductors— each
conductor section is 2.0 nfm

e 3 slats arranged together : separation of 1 big cable<id812 thiner lines of 5 conductors>
each conductor section is 1.33 rim

4.5.3.4 Practical integration of LV cables

Figures 4.9, 4.10 and 4.11 illustrate the principle of LVlealsegmentation, function of the chamber
segmentation for Stations 3-4-5. For Stations 4 and 5, acgesupport structure (SSS) is immovably-
attached to the half plane, in order to support the weightables. Its dimensions are 180 mm by 90
mm, and it is placed at 400 mm from the panels support. Thukyalables are fixed on one side of the
SSS and the other side is keeping free for HV cables and ogingices for example.For Station 3, there
is no room left to place such a SSS inside the magnet ; LV catilebe attached directly on the slats
support and drivenoutside the magnet along the platformallyj for each half plane of Stations 4 and 5,
an extension cable can be added in order to provide LV tasigin open or closed position.

Figure 4.9: Station 3 (1/2 chamber 5 or 6) : principle of LV cables on siadscables of5< 16mn¥ are divided
in cables of smaller sections.
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Figure 4.10: Station 4 (1/2 chamber 7 or 8) : principle of LV cables on sldédxables of5< 16mn? are divided
in cables of smaller sections.

4.5.4 Low Voltage Supplies

All concerning the LV supplies have already been presem#teiDimuon Meeting in 2001 [3],and there
are no changes since May 2001. The LV supplies descriptiirbg/ione of the subject of theelectronic
PRR, organised in May 2002.

We recall that for all tracking stations, 288 supplies aredeel, i.e. 24 chassis for LV supply in 3
racks under the Dimuon Arm platform.

[1] "Alimentation Basse Tension Bras Di-muon”, P. Courtaternal IPN SEP Note Ref : 01 29, 30
Janvier 2001.

[2] "Cablage des stations 3, 4 et 5", F. Orsini, JC Lugol, nma CEA DAPNIA/SED Note Ref :
6C3221T002DA01, 09 Janvier 2001.

[3] "Dimuon Electronics", P. Edelbruck and P. Courtat, praation at the Dimuon Meeting 2001 in
Cagliari, May 2001.
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Figure 4.11: Station 5 (1/2 chamber 9 or 10) : principle of LV cables onsslai cables of% 16mn¥ are divided
in cables of smaller sections.
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5 Test beam results

5.1 Introduction

Several cathode pad chamber (CPC) prototypes have bedpmed@nd tested in-beam at CERN PS by
different groups. The main goal was to determine the basicatheristics of the chamber (noise, gain,
resolution, efficiency...), in order to validate the chaif¢he pad segmentation. The mechanical aspects
were subject to an R&D program in laboratories, concernivgstructure and sealing of the chamber,
the machining and gluing of the PCB’s. The CERN tests havealdated parts of these aspects.

Three main periods of test have been realized, in May 2009,2D01 and October 2001, each one
with a different electronics, the one available at the tirh¢he test: first, with Gassiplex 1/dm and
separated 10 bits ADC CRAMS, second, with Gassiplexy7and separated 12 bits ADC CRAMS
and the last with an electronics close to the final foreseen Gassiplex 0.m, with on board 12 bits
ADC.

The final electronics is expected to run with MANAS insteadaissiplex 0.7.

5.1.1 Experimental set-up

Tests were performed with negative pions of 7 GeV/c at thevR8 & an "ultimate" resolution cannot
be achieved at the PS, due to non-negligible multiple stadgte

As described in the TDR (section 2.3.1), prototypes werentemlion a test bench which allowed
vertical and horizontal displacements, by hand. The pyptotvas located between a set of ten silicon
strip detectors, located along the beam axis, that definedellescope for the tracking system. Five
planes were used to measure the x coordinate (2 upstream doridtream of the prototype) while
other five measure the y coordinate (again 2 upstream and 8sti@am). Each silicon detector was
300 um thick with 384 strips of 5Qum pitch (= 15 um resolution). The trigger system was defined by
the coincidence between two pairs of crossed plastic Hatoti blades, located upstream (overlapping
surface = %2 cn?) and downstream (overlapping surface =1lcnt) of the prototype.

5.1.2 General mechanical description of a prototype

The prototype is very similar to a slat module described énftBR (section 2.4.5.3) and TDR Addendum
(section 2.4.3).

- the rigid structure on which are glued the PCB is a sandwdectepmade of carbon-Nomex honeycomb-
carbon,

- a Nomex foil (high permittivity) is glued between the canbgkin and the PCB in order to reduce
the capacitive noise.

The anode wires (W-Rh: 2im gold plated) are soldered or glued depending of the progotyhe
gas sealing is obtained by a silicon joint allowing a quitsyeapening of the chamber.

5.1.3 General description of data analysis

To define a track from the silicon detectors,@apedestal subtraction has been applied on-line and only
one hit per y plane has been required. A simple linear extasipa to CPC is done without multiple
scattering correction.

Two cluster finding algorithms have been used for the CPCseaeches the pad with the maximum
charge and add to the cluster the two adjacent pads in thegtidin, the other is a more general algorithm
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which connects all the adjacent hit pads in y and x directidie position of the cluster is obtained by
a center of gravity method (COG).

The spatial resolution of the chamber is defined as the stardtviation of a Gaussian fit to the
residual distribution of the expected track position onGfC and the CPC impact point determined from
a COG evaluation. Due to the COG method, the residual musbtveated of well-known geometrical
effects (see TDR section 2.3.5.2).

5.2 Prototype 2000

Prototype characteristics and test results are detail¢ldeiTfDR Addendum (section 2.4.1). We only
summarize here the important features and conclusions.

5.2.1 Goals and characteristics

The main goal was to measure the noise, resolution and efficien a small pad (625 mn?) prototype.
This segmentation corresponds to the highest density ibeghding plane.

A 250 um Nomex foil (high permittivity) was glued between the cartskin and the PCB in order
to reduce the capacitive noise.

The read-out for the tracking system and prototype usedahesnethod of multiplexed charge
measurements. The prototype used the tbGASSIPLEX chips whose main characteristics are a
noise level at 0 pF of 650 @.m.s, a noise slope of 15 em.s and a gain of 12mV/fC. The dynamic
range of the 10 bits ADC is 1.5 Vi.e 1.46 mV per ADC channel.

The gas mixture was the standard 80% Ar + 20%,CO

5.2.2 Results

We obtained a good gain linearity and a plateau for the résaland efficiency as a function of the high
voltage.

The resolution was 8(m, including multiple scattering for a 1.5 ADC channel of smithe best
level of noise we had. This corresponds to 1150 electrons.iiitiple scattering was estimated around
50 um leading to a real resolution of the CPC arounduftl

The corresponding efficiency was 97 %dat mm and 93 % at & on the residual.

5.3 Prototype 2001

5.3.1 Goal

The goal was to measure the characteristic parameters @RI&with large pads (6100 mnft in the
bending plane) where the noise is expected larger. Thisd®s the opportunity to study in more detail
the different components of the noise and to try to reducethiEhe resolution is linearly related to the
noise and the efficiency dependent of the resolution.

We have seen, for example on the 2000 prototype, a dependétite noise with the read-out strip
length (fig. 5.1). This was the starting point of an attemstitoulate the capacitive noise of the chamber.

5.3.2 Noise studies
5.3.2.1 Capacitive noise

The noise seen by a GASSIPLEX Qun is:
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Figure 5.1: Noise (expressed in ADC channels) in the bending plane asdidun of the read-out strip length

noise(ef) =530+112x C(pF)

Figure 5.2 (left) is a cut view of the detector while figure %ight) represents the corresponding
capacitive modelisation.

From an electrical point of view, the pads are grounded tjincdhe electronics and the carbon skins
are grounded too: the internal, the external or both depgnain the prototype.

We distinguish three terms in the model:

e afirstterm, involving PCB, glue and Nomex capacitance betwane pad and the grounded carbon
skin,

e asecond, involving the glue and Nomex capacitance betweeread-out strips and carbon,

¢ a third, involving PCB capacitance between read-out stigh@her pads.

The total capacitance can be written as:

. . /
Ceoral = €0Spad €olstripLstrip €olstrip(Lstrip + Ltrip)
otal = epcB + €glue + ENomex €glue + ENomex €pcB
& (PCB) ' &(glue) ' & (Nomex g(glue) ' g (Nomey & (PCB)

with gg = 8.85 pF.nT?, £, (PCB) = 4.9,,(Nomex) = 1.2.



80

5 Test beam results

PCB

anode wire
Jmo % metallc hole

0 ¢ 0 ¢ read-outstip —l pad

25mm ——PCB

/a\ds metal

ic holes .
—— Qlue

lue Nomex Nomex
NOMEX l

pad
carbon fiber carhon

honeycomb (Nomex) | 6 mm

carbon fiber i 200pm

Figure 5.2: Left: Cut view of a slat. Right: Capacitive modelisation aflat

In our case, terms involving glue parameters (glue thickmgg ~80 um, glue relative permittivity
€r(glue) =~ 3.9 ) are negligeable, and the second term is small comparée twd others.

The third term shows the dependence of the capacitance arefdhe the noise to the read-out strip
lengths (Lstrip, L' strip) and width (Lyip). To reduce this dependenceyid changed from 180 to 15(m
and the PCB thicknessgg doubled from 200 to 400m.

To cut on the global noise depending on the pad area (first)temm increased, in addition, the
thickness of the dielectric foil.

5.3.2.2 Prototypes and characteristics

Two small prototypes (4940 cntactive area) have been constructed.

The bending plane had large pads 0 mn?) with a small area of small pads¥25 mnt) used
as reference.

The pad dimensions in the non-bending plane were 8388 mnt and 8.33% 25 mnt.
The thickness of the PCB was 406h.

The difference between the two prototypes came mainly floerdifferent thicknesses and mate-
rials of the dielectric foil. One prototype had the standsinex thickness of 250m, the other

a 2 mm thick Nomex-air honeycomb foil. The other differencsvhe way to ground the carbon
fibers: one prototype had the two carbon skins grounded whelether had only the external skin.

The prototype used the O GASSIPLEX chips whose main characteristics are a noiss &v
0 pF of 530 er.m.s, a noise slope of 11.2em.s and a gain of 3.6 mV/fC. The dynamic range of
the 12 bits ADC was 1.5 Vi.e 0.36 mV per ADC channel.
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Figure 5.3: left: Noise obtained from modelisation as a function of tlectonic channels . right: Measured
noise in laboratory

5.3.2.3 Modelisation results

The results of the modelisation show a flat behavior with &a&lrout strip length as well as the pad area.
We display this behavior on figure 5.3 (left) as a functionhaf €lectronic channels.

The corresponding measured noise in laboratory exhilstsaflat behavior (figure 5.3 (right)).

The absolute value of the noise is nethertheless much higherthe modelled one. One part of the
explanation is that the ADC noise itself has not been takendancount in the simulation.

5.3.3 Test beam results
5.3.3.1 Noise

The noise measured in July 2001 test beam is displayed or figdirfor the two prototypes.

The first prototype does not show any structure (figure 58 \ehile the other does (figure 5.4
right). The difference of dielectric foil thicknesses doest explain such a level of structure which
seems indicate a poorer shielding of the second prototyjkeel, a pick-up noise enhanced the structure
behavior. For example, a non filtered high voltage causds albehavior, as we observed.

In both cases, the value of the noise is much too high and rpaieed. To obtain the same kind
of resolution than in 2000, i.e 8@m, the noise should be at the level of 1.8 ADC channel, instéad
3.5. As a new large prototype is expected to be tested in ectslth a new and almost final electronics
including ADC on board, we decide to wait for this test to dade on the noise.

5.3.3.2 Gain and gas

The gain has been measured for different gas mixtures (figie Going from Ar(70%)C@(30%)

to Ar(80%)CQ(20%) represents a 50 volts gap while 200 volts and a stedpge sliffer between
Ar(90%)C(10%) and Ar(80%)C&(20%). Considering stability on one hand and not too larde vo
ages on the other favors the Ar(80%)&@0%) mixture. Between 1700 and 1750 volts the proportion
of more than two pads hit is high leading to a better resatutio

5.3.3.3 Resolution and efficiency

The resolution and efficiencies are presented on figure Saff@asction of the high voltage. The plateau
ranges from 1700 to 1750 volts for Ar(80%)@Q0%) gas mixture. The poor resolution around sd
is due to the large noise, leading to a poor efficiency of 90 afel mm cut on the residual.
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Figure 5.4: Measured Noise in test beam: left: prototype with two graachcarbon skins and 2 mm honeycomb-
Nomex dielectric foil ; right :prototype with external canbskin grounded and 256n Nomex foil.
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Figure 5.5: Measured gain for three gas mixtures.
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Figure 5.6: Resolutions and efficiencies as a function of high voltage.
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Figure 5.7: Residual in the non-bending plane for a pad width of 8.333 teft) @nd 7.143 mm (right).

5.3.3.4 Non-bending plane

In the non-bending plane the hit position is given by the fomsiof the wire on which the avalanche takes
place. Knowing the pitch of the anode wires and trusting thstipnning of the wires and the PCBs’,
the wire position is reconstructed from the cluster positiothe non-bending cathode plane. Figure 5.7
shows the residual between the reconstructed wire positidrthe track position in the plane for a 7.143
mm and a 8.333 mm pad width. These numbers come from PCB diomsnand electronic channels
numbers considerations.

The hit wire position is well reconstructed in only 75 % for.8& mm width and 88 % in the 7.143
mm case. The corresponding resolutions are 1 mm angu®il7

5.3.4 Conclusions

¢ Noise:the measured noise is high but with a flat behavior with pagssénd read-out strip lengths.
An improvement is expected with the next and almost finaltedaics which will be tested in
october. A better shielding must be studied with this etatts.

e Gas : the gas mixture will be close to Ar(80%)G(20%).

¢ Non-bending pad sizes the pad width kept is 7.143 mm.

5.4 Large slat prototype 2001 - october tests

In this section, the aim of a large slat test and some pretinginesults are presented shortly after data
taking period of 17-24 October. Detailed analysis will deepur understanding in the next future.

5.4.1 Goal

The goal was to build, for the first time, the largest slat $een of 2400 mm long, in its almost final
design, to equip it with the almost final electronics and itésstbeam to determine its characteristics.
From a mechanical point of view, the building of this slabaléd to refine the mounting procedure.
The assembly was made with the same kind of tooling foresaethé production. No critical problems
arose during this assembly.
On the electronics side, problems uncountered on conrmsgdioses, read-out and data transmission
have been overcome.
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Figure 5.8: Global view of set-up with the large slat prototype locatetideen the silicon tracker.

The physical properties (gain, resolution, efficiencyhaye been determined. Nethertheless, a real
and complete cartography of the chamber has not been ralizst, the relatively small number of
electronic circuits allowed to equip at the same time theivadgnt of one of the six PCBs’ on each
cathode plane, second, some areas were not able to be readovd electronics calibration was not
yet implemented. Taking into account these considerativmashave nethertheless made few different
positions by moving some circuits.

5.4.2 Characteristics

¢ the 2.4 meter long slat contained 6 standard high densitysP@Beach cathode plane.

o the pad size in the bending plane was»2%s mn¥.

e the pad size in the non-bending plane was 7.£23 mn?.

¢ the signal treatment was ensured by the MANU boards destiibsection 4.2.1: Gassiplex 0.7
pm chips were used as preamplifier, filter and shaper, withra@faé8.6 mV/fC. The analog signal
was digitally converted in a 12 bits ADC, also on board, witboaversion range up to 3V, i.e
0.732 mV per ADC channel.

¢ the gas mixture was Ar(80)-CA20).

Figures 5.8, 5.9, 5.10show some picture of the large slantdkiring the test.

5.4.3 Results
5.4.3.1 Gain

e a good gain linearity is obtained.
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Figure 5.10: View of the MANU boards with its 4 16 channels Gassiplex chitps connectors and the busbars.



5.4 Large slat prototype 2001 - october tests 87

Bending plane Non bending plane

12

04— 04—

02 .

07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\ 07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\
0 10 20 30 40 50 60 0 10 20 30 40

50 60
Channel number

Figure 5.11: Sigma of the pedestals (in ADC channels) for bending andbending planes.

Residual

3000[—

2500[—

2000[—

1500—

1000—

500—

Figure 5.12: Resolution in the bending planey:= 84 um.
e the absolute gain is 2.5 4@t 1700 V and 5 1bat 1750 V.

5.4.3.2 Noise

We measured a noise level between 1150 and 1400 electr@ts (01 ADC channel), with a reasonably
flat behaviour with the read-out strip length, as shown on fig 5

Such a noise has been achieved, first by linking all the pléceedHon skins and pads) to a same
ground, second, as explained in section 4.3, by insulatiisgground of the slat from the general ground
of the hall.

5.4.3.3 Resolution and efficiency in the bending plane

A typical resolution plot is shown on fig 5.12, while the de@ence of the resolution and the efficiency
with high voltage is displayed on fig 5.13.
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5 Test beam results
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Figure 5.13: Resolutions (top) and efficiencies (bottom) as a functiotiethigh voltage (bending plane).
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Figure 5.14: Dependence of the resolution with the vertical angle of thekt

A plateau is reached between 1675 and 1750 volts with a temolof 85um and an efficiency of 96
% for £1 mm cut on the residual or 92 % for a 8ut.

Below 1675 volts, the degradation of the resolution is Vsilivhile the raise above 1750 volts re-
flects the saturation of the Gassiplex (range up to 560 fC qrezsbrding to the specifications).

The resolution and efficiency are not spoiled at the bordévofPCBs'.

All the resolutions shown include multiple scattering.

5.4.3.4 Vertical Angle studies

Figure 5.14 displays the dependence of the resolution Wwélvertical angle of a track.

5.4.3.5 Non bending plane

The hit wire position is well reconstructed in 91 % of the casefor a residual cut at1.25 mm (half a
wire pitch) for an RMS of 84%um. This number becomes 96 % for&.5 mm cut.

This reconstruction is little affected by an horizontal lengf the track: angles of 0, 5 and 10 deg
give a reconstruction efficiency and a resolution of 91 % adfel 8n, 88 % and 87Qum and 87 % and
884 um respectively.
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6 Planning, task sharing and cost

In what follow, will be presented the different aspects @ trganisation with the task sharing, the
planning till the on-site installation and finally the costwe know it today before the tenderings.

6.1 General Planning

The planning is given in Annex A and some comments can be done:

e after several prototypes construction, the time for the mtiog of a slat is estimated at 2 weeks

6.2 Tasks sharing

After the TDR (Technical Design Report), it has been decitiatithe tracking chambers of the Dimuon
Arm will be constructed with the same internal geometry la tlifferent technologies following two
different requirements:

- Stations 1 and 2 have moderate sizes (radii smaller thanr)ut a very high pad densities due
to the neighboring of the front absorber. These stationshgilmade of quarters with the electronics
plugged on the whole surface of these detectors

- Stations 3,4 and 5 have large radii (up to 2.6 m) but with maigehit densities. To solve the
difficulties due to the large sizes (wire length, gas pressmranufacturing...), it has been decided to
construct these stations by assemblying of modules of natelsizes (the slats) which individual useful
sizes are typically 40 cm high (in the the bending plane) agtd/éen 80 and 240 cm long in the other
plane. Every slat, itself, will be composed by assemblin@®6f small sizes (58 cm high and 40 cm
wide) of a few number types (~ 8 types per plane). The detéitoostruction have been described in
chapter 2.

This choice has three main advantages:

- to reduce the R&D program, the validation of a structurengeialuable whatever will be the
location of the elementary PCB

- to reduce the manpower for the design of the different etgmef the slats and the cost of the
tooling of the PCBs

- to allow an “industrial” organisation for the construgtio

The 3 stations with their support structures and their ogoliill be constructed by 4 laboratories:

- INFN Cagliari

- PNPI Gatchina

- SUBATECH Nantes

- DAPNIA Saclay

IPN Orsay participates at this collaboration for all theexdp in connection with the electronical
equipment: PCB design, connectors, level translators...

Some principles have been applied for the task sharing leetiveese labs:

- every labs will provide pieces of the slats or equipmentthéoother labs. The laboratory supplier
of each element will be unique to optimize the cost, the mamp@nd to ensure the homogeneity of all
the materials. The laboratories will also be responsibilgdsting and validation of what they deliver.

- every labs will construct slats and test them. This cho&e lbeen done to ensure interest for the
work and visibility for each institute in front of the ALICEotlaboration. Moreover, it would permit a
backup solution in case of a laboratory failure.

- exactly the same protocole will be applied for the slat mimgnwhatever the laboratory is
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With these rules of the game, the following task sharing reenbadopted, independently of the
financing repartition:

e INFN Cagliari (group leader Corrado CICALO, E-mail: corrado.cicalo@tda.it), indepen-
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dantly of its tasks on the MARC chip, will be in charge of:

. responsability for the design of all the types of PCBs ffier tivo planes
. purchasing of all the PCBs (around 1400 pieces) and elaktests
. cutting the PCBs to the required sizes

. purchasing and soldering of the connectors on the PCBsHleetrical controls will be performed

before sharing and shipping towards the other labs.

. construction and test of a wiring machine with the reqlijpeecision on the wire strengths

. construction, tests and shipping of about one quartdreofdtal number of slats.

PNPI Gatchina (group leader Vladimir SAMSONOQV, E-mail: samsonov@hepp8fpi.spb.ru)will
be in charge of:

. construction and test of the cutting machine for the P@BByery to INFN Cagliari, installation

and teaching on the manner to use it

. construction and test of 4 HV check stands, delivery tdhihee external labs.
. construction and test of a wiring machine with the requeecision on the wire strengths

. construction, tests and shipping of about one quartdreofdtal number of slats.

SUBATECH Nantes (group leader Lionel LUQUIN, E-mail: luquin@subatechpd2r) will be
in charge of:

. Design of the slat chambers

. Design, engineering of the assembly tooling

. Design, engineering, delivery to the others labs of thbarasandwiches panels
. the NOMEX purchase and delivery to the others labs

. Design, engineering, delivery to the others labs of tlazers

. the study and the construction of the level translato® &MV TTL and the bridge boards between

the PCBs

. construction, checks and shipping of about one quarttiredfotal number of slats.

. Technical coordination for engineering of Stations 3nd & chambers and the associated equip-

ments (mainly the frames and the cooling). The technicatdinator is Manoél DIALINAS till
the end of December 2001 (E-mail dialinas@subatech.ifi2p3.

DAPNIA Saclay (group leader Alberto BALDISSERI, E-mail: a.baldisserigdr associated
with the technical project leader Fabienne ORSINI, E-nfailsini@cea.fr) will be in charge of:

. modification of a wiring machine and delivery of wire plarte SUBATECH
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purchase, control and delivery of the bus bars for the loltages supplies
construction, control and delivery at CERN of the franmglfie three stations
fabrication and installation of the cooling setup for theee stations

Responsibility for the integration of the 3 stations (eatand services)

o o~ w N

construction, tests and shipping of about one quartdreofdtal number of slats.

6.3 Available manpower in labs
¢ INFN Cagliari:
1. 2 technicians equivalent full time for the assembly
2. 1 electronics engineer at 50%
3. 1 electronics engineer full time starting on beginnin@@®2
e PNPI Gatchina

1. 3technicians for the assembly full time

2. 2 engineers
e SUBATECH Nantes

1. during the R&D phase, 4 persons are involved

2. during the construction phase, one technician and teporanpower are foreseen
e DAPNIA Saclay

1. 2 technicians starting on middle 2002

2. an engineer at 50%

6.4 Cost CORE update

As, by principle, PRR must be held before launching the tendeprocedures, it is clear that it is
impossible to have a precise view of what will be the overatmf the system. The numbers which
are known today are just coming from evaluations after disicuns with several manufacturers and are
too much imprecise to be published. The WBS (Working Breakd&tructure) and the PBS (Product
Breakdown Structure) have been done and are included bdidvas to be remarked that some items
were missing as, for example: busbars, bridges between RGBSIEX, mechanical pieces for frames
hanging...



