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CHAPTER LI INTRODUCTION-THE QUALITY ASSURANCE PLAN

1 Introduction—The Quality Assurance Plan

The performance goals of the ATLAS muon spectrometer require unprecedented mechanical precision
in the construction of the large number of Monitored Drift Tube chambers (1184} buoilt at many
production sites {11} over a period of more than 4 years. At the same time, the reliability the large
number of drift tubes (3710007 and chambers muat be very high.

Measurement of the wire locations in assembled chambers and verification of their accuracy with the
X-ray tomograph can only be parformed for a fraction of the chambers, approximately 15 %.

The strategy for the distributed, large-scale production of the precision chambers is to guarantes the
mechanical precision of drift tubes and assembled chambers by the design of the components and
of the assambly method and tooling supplemented by an extensive monitoring program and detailed
quality assurance plan for all production sites.

In addition, in & common quality control program of the important parameters for the reliability and
performance of individual drift tubes and of assembled chambers are tested. The quality control tests
are designed such that they safely detect bad drift tubes and chambers while they can be performed
at all production sites and keep up with the production rate. Only asmall failure rates are acceptable
in the production process. The main purpose of the tests s to provide quick feed back for adjustment
of the assembly tooling in the case of problems.

Faulty chamber components and drift tubes will be rejected. The failure rate of assembled drift tubes
must not exceed the few percent level. Chambers failing the quality control tests have to be repaired
(identification of leaks, sputtering of noisy tubes); faulty tubes in a chamber which cannot be recovered
will be disconnected. Chambers exceeding the mechanical accuracy requirements can be recovered by
measureing the wire locations with the X-ray tomograph. Only in exceptional cases chambers will
have tobe rejectad.

The quality assurance procedures for MDT chamber construction can be broken down into the follow-

ing ateps:
1. Chamber Components and Materials,
2. Dirift Tube Assembly,
3. Drift Tube Test,
4. Chamber Assembly,
6. Chamber Test,

fi. Tranaport and Storage.

The quality assurance procedures for each step are decribed in this document. Quality control of
the electronics and data aquisition to be mounted on the chambers during installation in the ATLAS
detector will be described in separate documents,

Detailed archiving of the monitoring and test data is necessary in order to monitor and control the
production process and to provide complete documentation for the speration of the chambers. The




data will be stored in lecal quality assurance data bases at the production sites and as well as in a
central production data base,

The central data base contains the information nesded to monitor the production and evaluate the
quality of the chambers to be installed and which will be kept for the operation of the muon spec-
Lrometer.

In the local data hases all available data from assembly monitoring and quality control should be kept
until the completion of all chambers to allow the detection and tracing of problems during chamber
production.

In addition, the information about delivery and stock of components and the completion, Lransport

and atorage times of drift tubes and chambers is kept in the local and central production data bases
at different levels.

The production sites are requested to report all problems occuring during tube and chamber assemhbly.
FProduction should not continue before the problems are not understood and solved in consultation
with the other production sites.

An internal review of sach production site will take place before module () conatruction at the site in
order to ensure that all procedures and tools lollow the specifications.

Bafore the start of series production, sach production site will be qualified based on the data from
module () construction and test,

2 Documentation

Information relevant for quality assurance and control of the MDT chamber construction is contained
in the following documents:

1. Technical Specifications of Chambers and Assemhbly Tooling:

o Technical Design Report for the ATLAS Muon Spectrometer and updates.
o Drift tube assembly tooling:

hitp:f Mlepton. phys. washingtonedo fatlas fTuba_ Azsembly /.
o MDT chamber design and chamber assembly tooling:...

Alignment platforms (barrel and endeap chambers):
http:/ fatlasinfocern.ch/Atlas /{GROUPS /AMUON falignment /.

d. Procurement Documents for Chamber Materials:

Tendering documenta and contracts with suppliera for the chamber components listed below.

3. Drift Tube Assembly Manual:

Describes all steps of drift tube assembly including QA /QC procedures. The assembly plan will
be partially implemented in & Tube Assembly Control Program.

4. Drift Tube Test Manual:

Describes all steps of the drift tube quality control tests,
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5. Chamber Assembly Manual:

Diescribes all steps of chamber assembly including QA /QC procedures.  The assembly plan
will be implemented in a Chamber Assembly Control Program. The use of the monitoring
devices, the handling of the glue and the installation of the gas distribution system are described
in associated manuals.

. The Quality Assurance Document:

Summarizes the quality assurance strategy and procedures, including quality control tests and
inatructions for handling, transport and storage of chamber materials, drift. tubes and assembled
chambers,

The general manuals serve as references and guidelines for the preparation of the local manuals and
work plans at each production site and for the implementation of coherent quality assurance proce-
dures.

Documents Related to MDT Quality Assurance Procedures:

General

1. ATLAS Collaboration, A. Airapetian et al., ATLAS Muan Spectrometer Technical Design Re-
port, CERN/LHCC f97-22, May 1997,

2. F. Linde et al., MIOT Cheality Asswrance for Module i) MDT Chambera, ATLAS Internal Nots,
ATL-MUON-85-235, May 1998 (replaced by this document).

Specifications and Procurement of Components

1. Technical Specification, Supply of Gald-Plated Tungsten-Rheninm Fine Wire for the ATLAS
Muon Spectrometer (Modole-Zere Chambers). for Price Enquiry: DO-1045107, September 19493
(CERN).

2. Technical Description, Supply of Endplugs for the ATLAS Muon Spectrometer. for Market
Survey: MS-2575/EPfATL. Octobar 1988 (CERN].

3. Technical Specification, Supply of Alvminum Alloy Extrnded Profiles for the ATLAS Muyon
Spevirometer [Maoduole-Zero Chambers), for Price Enguiry: DO-98010, Qctober 1998 (NIKHEF).

d. Technical Specification, Supply of Thin-Walled Precision Alnminum Alloy Tules for the AT-
LAS Muon Spactrometer [Moduole-Zero Chambers), for Invitation to Tender: 1T-2549/EF (ATL,
November 19898 (CERN].

Drift Tube Assembly

1. R. Dumps et al., A Prototype Wiring Automate for the Twister/ Tango Based Endplug of the
ATLAS Muon Drift Tubes, ATLAS Internal Note, ATL-MUON-958-267, January 1999 (CERN).

2. University of Michigan ATLAS group, Michigan Wiring Table, MDT Tube Assembly Electronics
Control and Compnoter Program,
http://ganesh.physics.lsa.umich.edu fatlas
{Michigan .




Chamber Assembly

1.

LLb.

H. Kroha and 5. Schael, Optical Monitoring Syatem for the MDT Assembly Stations, ATLAS
Internal Note, MUON-NO-156, April 1997 {MPI Munich].

(s. Kaptsis et al., Mechanical Design of the BIS Module Zero MDT Chamber, ATLAS Internal
Note, ATL-MUQON-08-242, June 1998 (Thessaloniki].

(i, Clapetti ot al., A QAN System to Monitor the Flanarity of the Tube Layers in MDT
Chambers Conatruction, ATLAS Internal Note, ATL-MIUTON-98-255, September 1998 (Rome ).

. V. Bartheld et al., Construction of the Full-Scale Prototype of & BOS MDT Chamber, ATLAS

Internal Note, ATL-MUTON-95-256, October 1998,

http:/ /wwwatlas. mppmu.mpg.da/mdt. html

{MPT Munich].

D, Kalkbrenner, H. Kroha and A, Manz, Gloe Dispenser for MOT Assembly and Glueing In-
structions, January 1999,

ftp:f fawwatlas. mppmo.mpg.defontgoing fqaqe /glueing /glue_ manual. ps

{MPT Munich].

H. Kroha, BOS Chamber Assembly Quality Assurance Flan, Fehruary 194059,
ftp:f frawwatlas. mppmo.mpg.defontgoing fqaqe /bos_ assembly - plan.ps ( pdf]
{MPT Munich].

H. Kroha, BOS Chamber Assembly and Test Plan, February 19499,

fLp:/ fwwwatlas. mppmuo.mpg.de/outgoing 'qaqe /bhos_ assembly _ test.ps (_pdf]
{MPT Munich].

H. Kroha, BOS Chamber Production and QA /QC' Data Base Strocture, February 1909,
ftp:f fawwatlas.mppmu.mpg.de/ontgoing fqaqe bos_ qage_ db.ps [ .pdf)
{MPT Munichj.

Task Owners Chamber Assembly, Chamber Azsembly Manual, April 1999,
http:/ fwww. Infinfo.it ffuratolo/BAMLmanval draft /

H. Kroha and A. Ostapchuk, Instroctions for Optical Monitoring of MDT Chamber Assembly,
April 1994,

ftp:/ fewwatlas. mppmo.mpg.de/ontgoing fqaqe /monitoring/ monitoring. pa {.pdf)

{MPT Munich].

Dirift Tube Test

1.

V.T. Braic et al., Leak Detection System for Mass-Production of Drift Tube Detectors, ATLAS
Internal Note, ATL-MUTON-98-225, March 1995,

http://nuweb .jinr-rufu:-lcbpfat.]a:-]..l’QA QC /gasleak foto. htm
(Dubna).
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2. M. Cambiaghi et al., An FElectromagnetic Micrometer [EAMMI) to Measure Wire Location Inside
an ATLAS MDT Dirift Tube, ATLAS Internal Note, ATT-MUQN-94-258. November 1095 (Pavia,
Rome].

3. A. Balla et al.. MDT Wire Tension Measurement [Vsing an Electrastatic Method, ATLAS Internal
Note, ATL-MUQN-08-264, November 1544 {Frascati).

4. Pavia and Boma [ Atlas Groups., The Pavia-Roma I MDT QA4 Facility,
ftp:f feobral.pv.info.it/ pub/MDT fmdt_ qa. ps.gz

{Pavia. Rome T).

5. A. Albanese et al., Ouality Assorance and Quality Cantrol for ATLAS Dirift Tubes st the Cosenza
Production Site, description of setup and quality control test plan,
ftp:f ffermi.ca.infn.it fatlas_ qagqe

(Cosenza).

fi. University of Michigan ATLAS group, Michigan Leak Detector.
http:/ /ganesh. physics.lsa. umichedu fatlas
i Michigan].

Chamber Test

1. T, Drakoulakos et al., The High-Precision X-ray Tomagraph for Quality Control of the ATLAS
MDT Mueon Spectrometer, CERN-OPEN-97-023, July 1997 (CERN).

2. CERN X-Ray Tomograph, hitp://wwwen.cern.ch/itomo.

3. C. Baeci ot al., Design of a Casmica Teat Site for the Quality Assurance and Cality Con-
trof (QAGQT) af Full MDT Chambera, ATLAS Internal Note, ATL-MUOQN-05-241, June 1993
{Rome TIT).

4. N. Hessey. A. Staude and T. Trefeger, Cosmic Ray Test Stand at the LA Munich, ATLAS
Internal Note, ATL-MUTOQON-95-266, December 1998 (LMU MMunich).

5. H. Kroha, BOS Chamber Assembly and Test Plan, February 19499,
ftp:f fawwatlas. mppmu.mpg.de/ontgoing fqaqe fhos_ assembly _ teat.ps (pdf]
{MPT Munich].




3 Chamber Components

The main chamber components and materiala to be controlled are:

o Precision aluminum tubes.

e Ciold-plated W-Rh wire.

& Precision endplugs and endplug com ponents.
& Spacer components,

o Components of the optical alignment system.
o (On-chamber gas distribution system.

« Faraday cages and patch panels.

o (ilue [several types).

o Hedgehog boards.

o Mezzanine cards with readout electronics.

s Temperature and magnetic field sensors.

& Protective covers.

Cluality and tolerances of the chamber components delivered to the chamber production sites are
contralled in four steps:

1. Quality assurance by the supplier
2. Central monitoring of material production including sample tests at an responsible institute.
3. Acceptance tests and visual inspection at the chamber production sites.

4. Specification for packing. transport, storage and handling of the eomponents.

3.1 Aluminum Tubes

The thin-wall aluminum tubes for the drift tubes of the MDT chambers follow tight mechanical
tolerances with respect to the outer and inner diameter and the straightness in order to be snitable
for the precision assembly of the chambers.

The tuhes are cleaned on the ingide and outside by the manufacturer according to a cleaning procedure
defined in detail which has hean approved by the collaboration after ageing tests. The cleaning
procedure must not be changed without the agreement of the collaboration and after new ageing test
have been performed with the new cleaning procedure.
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The mechanical tolerances and the cleanliness of the tubes muost be conserved during all further
transport, storage and handling of the bare tubes and of the assembled drift tubes {see: Drift Tube
Assembly and Storage).

The precision aluminum tubes are procured centrally via CERM.

3.1.1 Quality Control by Supplier

The following quality control tests of the bare tubes are required from the supplier with certification:

& Chemical and mechanical analysis and ultrazonic test of the tube raw materials.

o (ieometrical tolerances of extruded tubes.

o (ieometrical tolerances of drawn and straightened tubes.

o (ieometrical tolerances, including straightness, of at least 105 of finished tubes of each batch.

o Visnal inspection of inside and outside of at least 10% of finished tubes of each batch, including
proper deburring of tube ends.

Each finished tube is identified by a bar code (induatrial format 39B) which containg the production
ran number, a sequential tube identifcation number, tube length and a date and appears also in
alphanumeric form.

Cuality control documents and data with relerence to the tube bar codes are provided to the collab-
oration and are kept in the Production Data Base for monitoring of the production.

Detection of small holes on the tube walls by the supplier, e.g. with the eddy corrent method. is too
expensive. Therefore, the walls of all drift tubes have to be tested for gas tightness at the chamber
production sites,

3.1.2 Production Monito ring

Froduction monitoring s done centrally at CERN including the following sample tests per batch of
tubes delivered to the chamber production sites:

& Visnal inspection, inside and outaide (obvions defects or hales, cleaning, deburring, straightness).
o Cieometrical tolerances with 30 metrology.

o Chemical and mechanical analysis of the finished tube material.

o Metallurgical analysis of the finished tubes.

& Chemical analysis of inner tube surface (monitoring of cleaning procedure).

o Quality control of cleaning procedure over time with the ageing test stand.

During tube assambly at the production sites, each tube is visually inspected at the inaide and outside
for obvious defecta, proper deborring and eleanliness.

3.1.3 Quullt}r Control at Production Sites

Cluality control tests of the bare tubes at the chamber production sites are summarized in Table 1.




A2 WIRE

3.2 Wire

The gold-plated tungsten-rheniom sense wire for the drift tubes s procured centrally via CERN.

3.2.1 Quality Control by Supplier

The following quality control tests of the wire are required from the supplier with certification:

o Measurement of tensile strength at beginning and end of each spool.
o Test of precentage of gold plating at beginning and end of each spool.

o Visnal and microscopic inspection of gold plating quality for at least fiest meters of each spool.

Each wire spool is certified and labelled with date. wire length and production run number.

3.2.2 Production Monitoring

Froduction monitoring is done centrally at CERN including the following sample teats per production
run:

o Measurement of diameter.

o Microscopic inspection of gold plating quality.
o [nspection of cleanliness.

& Measurement of tensile strength.

# Neasurement of slectrical conductivity.

3.2.3% Quullt}r Control at Production Sites

Cuality control at the chamber production sites s summarized in Table 1.

3.3 Endplugs

The endplugs for the drift tubes consist of the following componenta:

¢ Injection moulded insulator made of Noryl GFN3 which contains 30% glass fiber and is machined
to be concentric and coaxial with the alominum ring reference aurface.

o Precisely machined metal inserts in the plastic body:

= Aluminum ground ring with precise reference surface for drift tobe tebe positioning on
assembly combs and precise front face for accorate endplug insartion.

= Central brass insert holding the wire locator in a precisely concentric and coaxial hole with
respect to the reference surface.

o Precise wire locator, machined separately and held in the concentric hole of the brass insert with
an injection moulded Noryl clip.
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Coppar wire crimp tube inserted in central brass piece,
Birass sealing cap with signal pin to be screwed onto the brass insert.

Injection moulded Noryl gas connector sealed with two O-rings betwean the front face of the
plastic hody and the signal cap.

Brass ground pin in contact with the alominum ring in a screw hole and with nut with washer.

(-ring for gas seal of the plastic endplug body in the aluminum tobe,

The endplugs and their components are not individually labelled for cost reasons. Endplugs of different
production batches are kept in separate boxes at each production site and are not mixed during tube
assembly to help the tracing of problems.

The endplug components are procuared centrally via CERN. At least parts of the endplugs have to be
assembled at the chamber production sites.

3.3.1

Quality Control by Supplier

The following quality control tests of the endplugs and their components are required from the suppliers
with certification for a fraction of at least 2% of the endplugs:

Visual inspection of the injection moulded piece: smooth surfaces without air bubbles or cracks,
eapecially in the O-ring grooves.

Inspection of the bulk of the injection moulded piece by cotting longitudinally through the
center: no enclosed air bubbles, no cracks.

hetal insarta must not detach under apecified force,

Viaual inspection of machined endplug componenta:

Proper cleaning and deburring, amooth surfaces, no sharp adges, no metal chips, no scratehes,
no air bubbles or cracks in plastic piece.

Teat of fitting of componenta.

Verification of all mechanical tolerances of andplug and wire locator with 37 metrology.

3.3.2 Production Monitoring

The production is monitored by responsible institutes which centrally perform the following sample
tests per production batch:

Visunal inspection of all parts: Proper cleaning and deburring; smooth aurfaces, no sharp edges,
no metal chips, no scratches, no air bubbles or cracks in the plastic paris.

Teat of fitting of all components.
Verification of all mechanical tolerances of endplug and wire locator with 3T metrology.

Inapection of the bulk of the injection moulded piece by cutting the endplug longituinally through
the center: no enclosed air bubbles, no cracks,

High woltage test of a fraction of endplugs per production batch assembled in drift tubes filled
with dry nitrogen: leakage currents below 2 nA up to a voltage of 5 kV.

Measurement of the shape and diameter of the wire locating hole and of the concentricity with
respect to the endplog reference surface with a CCD camera.

10
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3.3.3 Quality Control at the Production Sites

Quality control tests at the chamber production sites are summarized in Table 1.

During assembly of the endplugs at the production sites and during preparation for tube assembly, all
endplug components, including wire locator and crimp tube, are visually inspected for obvious defects
(no sharp edges, proper deburring, no metal chips, no seratches, no air bubbles or cracks in the plastic
parta).

All Or-rings are inapectad for obvious defecta during assembly on the endplog. The O-rings must not
be exposed to light during storage or assembled on the endplugs to prevent ageing,.

The endplug components are cleaned in an ultrasonic cleaning bath using only pure ethanol. Other

cleaning fluids are not allowed.

3.4 Spacer Components

The extruded aluminum spacer profiles are procured centrally via & responszible institute which mon-
itora the production. Machining of the profiles to reach the final mechanical tolerances is the respon-
sibility of each production site.

The mechanical tolerances of the extruded and cut profiles are verified by the supplier and the respon-
sible institute for each batch to be delivered.

The mechanical tolerances of the machined spacer components are verified for each chamber at the
chamber production sites. The glue gaps between cross plates and tubes layers are verified during
spacer assembly (see the Chamber Assembly Manual). The functioning of the sag compensation
ayatem is tested after assembly on the apacer.

3.5 Optical Alignment System Components

The components of the ATTL.AS optical alignment monitoring systems installed on the chambers during
assembly are:

o Components of RASNIK monitors (LED with mask. custom-fabricated lens and CCD with
infrarad filter with housings) for the in-plane alignment system.

o Mounting platforms for components of the projective alignment monitors.

o Mounting platforms for the axial /praxial alignment monitors,

The components are procured centrally by responsible institutes which monitor the production and
perform sample tests.

The focal length of the RASNIK lens is specific for each monitor. It is specified to be with +3 mm
within the nominal value {1/4 of the distance between mask and CCTY). This tolerance corresponds to
a maximum forseen longitudinal range of adjustment of +£12 mm of the light source with mask with
reapect to the lens. This can be verified on & special RASNIK test stand at the chamber production
sites prior Lo the spacer assembly.

As part of the chamber assembly procedure, each in-plane alignment monitor will be adjostad and
fully tested on the spacer {sharp and analysable image of the center of the mask} before parmanant
fixation.

Correct. relative orientation of the RASNIK mask and CCD is important and ensured with labelling
by the supplier.

11
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3.6 On-Chamber Gas Distribution System

The components of the on-chamber gas system are centrally procured by a responsible institute which
monitors the production and the quality control by the suppliers.

The gas manifolds are preassembled at the chamber production sites and tested for gas tightness and
flow rate per tube (see Table 3). After mounting on the chamber, the gas system is leak tested together
with the whole chamber [(see Tables 4 and 5).

Assembly and test of the on-chamber gas system is described in the On-Chamber Gas System
MBManual by the responsible institute.

3.7 Faraday Cages and Patch Panels

The fabrication and quality control of the Faraday cages and patch panels for readout electronics and
optical, temperature and B-field monitors are the responsibility of sach instituts.

3.8 Glue

All glue types used for chamber assembly are epoxy resin based two-component glues. They have been
selected because they provide sufficient strength in contact with aluminum and handling and curing
time are suitable for chamber series production. In dedicated tests and during chamber prototype
conatruction, the shrinkage of the selected glues was found to be small enough to prevent significant
chamber deformations. Epoxy resin based glues are known to be radiation tolerant far beyond the
radiation levels in the ATLAS muon spectrometer,

Only glue from one supplier, Ciba Geigy, will be used at all production sites. The selected glue types
are all widely wsed standard products of the supplier with well known properties and reliability and
have been exclusively used for the construction of all prototype MDT chambers.

The guality of the glue is guaranteed by the aupplier. Glue storage and handling follow strictly the
recommendations by the glue supplier. Storage time and conditions of the glue is monitorad at the
chamber production sites.

Deetails of the glue types and the glueing procedures are given in the chapter Chamber Assembly.

3.9 Hedgehog Boards

The hedgehog boards are delivered to the chamber production sites fully tested and certified.

All boards will be visually inspected for obvious defects after delivery. Correct positioning of the
eloctrical contact holes is verified on a template in order to avoid forees on the endplugs.

Before installation, the boards are cleaned in an ultrasonic cleaning bath. After cleaning, the hoards
are handled only by using gloves.

Installation of the boards and high voltage test on the chamber takes place in the chamber test stands
at the production sites. The boards stay on the chamber.

3.10 Mezzanine Cards

The mezzanine cards with the readout electronics are delivered to the chamber production sites fully
tesited and certified. The boards are visnally inspected for obviows defects upon delivery. Mounting

12
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of the cards on the chamber and high voltage and functionality test will take place sither in the local
chamber test stand or in the central storage area at CERN as soon as the cards have been deliverad.

3.11 Temperature and B-Field Sensors

The temperature and B-field sensors, incloding cables, are procured and fabricated centrally by re-
aponsible institutes and are sample tested by them. The function of each sensor is tested at the
chamber production site before the installation on the chamber.

3.12 Protective Covers

The material for the protective covers for installation in the detector will be procured centrally. Cutting
Lo size and installation on the chambers is done at the chamber production sites.

4 Drift Tube Fabrication

4.1 Drift Tube Assembly

Operation of the large number of drift tubes in the ATLAS muon spectrometer requires very high
reliability with respect to wire tension, gas thightness and high voltage stability. At the same time,
the sense wires have to be centerad in the precision alominum tubes with high accurcay: with £10 gm
rms relative to the endplug reference surfaces in the y and z coordinates of the azimutally oriented
tubes and with a tolerance of +100) pm with respect to the inner tube wall envelope. The wire tension
has to stay ingide tight tolerances in order to predict the wire sag with high accoracy.

During series production, typically 50-100 drift tubes per day have to be assembled and tested at each
production site. Because of the large number of tubes, rejection of only few percent of the assembled
drift tubes can be afforded after the quality control tests.

The drift tube assembly procedures are designed to guarantes the high precision and reliability of the
drift tubes:

# The drifi tubes are assembled in & temperature controlled clean room of class SO000.

o The room temperature is controlled to be 200+ 1% . This allows to set the tube length and the
wire tension of the assembled tubes with sufficient accuracy.

s Automatic or semi-antomatic wiring stations are used.

Manual handling of the wire is minimized.

o Coaxiality of the endplugs with respect to the tube, the relative azimutal orientation of the two
endplugs of a drift tube and the drift. tube length (defined as the distance between the aluminum
front faces of the endplogs] are determined by the assembly tooling.

o Critical parameters of the drift tube assembly process are controlled by computer:

tube temperature, jigging temperature, wire tension and pre-tension, pre-tensioning time, pa-
rameters of the tube crimping and wire crimping machaniams.

13
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o The wire is pre-tensioned to 450 + 10 g, 7% of the roptore limit of 620 g, for a defined time
interval of 15 s to minimize wire creeping.

The Drift Tube Assembly Manual containg detailed instroctions for handling and assembly of
the drift tubes. The main drift. tube assembly steps are implemented in a Drift Tube Assembly
Control Program.

In particular, the following procadures are applied to maintain the quality of the drift tubes:

o The tubes are stored in the temperature controlled wiring room at least 12 hours before assembly
to adapt to the temperature.

o The tube wiring room is cleaned regularly.

o During work in the tube wiring room, hair and shoe protection, coats and gloves certified for
clean rooma are used. Before entering the clean room, clothes are changed in & separata chamber.

o Before assembly, the endplugs are cleaned in an ultrasonic cleaning bath. Only pure ethanol is
allowed for cleaning of Noryl plugs.

o The bare tubes, the endplugs, the wire and the assembled tubes are visually inspected before,
during and after the wiring procedure {gee Tables 1-3). They are only handled with gloves
certified for clean rooms.

o The sense wire is inserted into the tubes directly from the spool without additional cleaning and
risk of contamination.

o The tubes are oriented such during tube wiring that the bar codes will be accessible whan the
tubes are inserted into the chamber assembly combs,

4.2 Drift Tube Ground Contact

A reliable ground contact between aluminum tube and the alominum ground ring of the endplug which
is long-term stable is ensured by laser spot welding at the tube ends with three apots per endplug.
Deetailed instructions for the laser welding process are given in the Laser Welding Manual for Drift
Tube Ground Contact.

The quality of the laser welds ia verified by the following procedures:

o Visnal inspection for each tube after laser welding: welds at correct place, no deformations on
the endplug reference surface. visible quality in agreement with referance weldas.

In case of problems, the laser and setup are adjusted and the welding on the affected tubes is
redone,

o [napection of randomly selected welded drift tubes under & microscope: no abvious cracks in the
welding spots.
In case of problems, the laser and setup are adjusted and the welding on the affected tubes is

radone,

o At the start of production. a sample of welds from each production site is evaluated metallorgi-
cally by cutting and inspection under the microscope or by X-ray measurement.

14
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4.3 Tube Transport and Storage

The aluminum tubes are cleaned on the inside and outside by the manufacturer. Afterwards, the
tubes are kept under clean conditions and should not be cleaned anymore at the chamber production
sites, especially not on the inside.

The bare aluminum tubes and the assembled drift tubes are transported and stored under the following
conditions:

o The tubes are always transported in stable wooden boxes like the ones used for delivery of bare
tubes from the manufacturer,

o For drift tube transports, temperatures muat not be outside the range 10— 30° C.

& The individual tubes are kept separated from each other and held such that that they cannot
move inside the transport box.

& The tube ends are closed and protected with soft pastic caps.

o Inside the transport box and in storage. the tubes are anclosad air-tight in a plastic bag containing
dehumidifier baga.

o After assembly and test, the drift tubes are always kept gas sealed until the gas distribution
ayatem i3 installed on the chamber.

During longer storage periods, the tubes should be filled with inert gas to prevent corrosion.

5 Drift Tube Test

Sueccessful operation of the large number of drift tubes in the ATLAS experiment requires, in addition
to the high mechanical accuracy in the wire location, very high reliability of the tubes with respect to
high voltage and noise atability, gas tightness and protection againat ageing effects.

Chuality control tests of the drift tubes therefore are a major part of the chamber construction. They
must ensure the reliability of the drift tubes over a long lifetime. At the same time the tests are
designed such that they can be performed routinely in reproducible manner and fast enough to keep
up with the spesd of the tube production at a rate of 50- 100 tubes per day at each prodoction site. The
tubes test stands which can be operated automatically under computer control are under development
(aee Figura 2).

The following quality control tests are performed for each assembled drift tube at the tube production
AlLes:

1. Visual inspection.

2. Wire tension [oscillation frequency} measurement.
3. Wire location measurement.

4. Gas pressure and leak test of the whole drift tube.

5. HV atahility test:
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CHAFPTER 5 DRIFT TUBE TEST

(a) Leakage current measurement.

(b} Closmic count rate measurement {optional).

The mechanical tolerances are tested for a random sample of drift. tubes per day.

The ground contact resistance between tube and the aluminum ground ring of the endplug is measurad

for a random sample of dreift. tubes after production and monitored over time for selected drift tubes
before assembly and in an assembled chamber.

If drift tube and chamber production sites do not coincide, instructions for packing and transport of
the assembled drift tubes have to be observed.

The following tests are recommended to be performed at the accepting site for a random sample of
the delivered drift tubes:

1. Visual inspection (defects on endplugs or tubes].

2. Leak test of endplogs.

3. Ground contact resistance [as above).

The wire tension (oscillation frequency)} is measured at the chamber production sites for each drift
tube before assembly in the chamber,
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CHAFPTER 5 DRIFT TUBE TEST

The drift tube quality control tests performed at all production sites are summarized in Tables 2 and
4. The test procedures are explained in the following. Table 4 gives an overview of the drift tube
quality control equipment planned to be used at the production sites,

5.1 Wire Tension Measurement

The gravitational sag of the wires has to be controlled within a tolerance of £110 pm in order to pradict
the wire position between the tube ends with sufficient accuracy. The wire sag s betwesn the wire
locators is related to the wire tension T by s = 9.81 - xpd® LY/ (32 T).

Measurement of the ground mode wire oscillation frequency ¢ determines the tension T of the wire
with density p, diameter d and length L according to the relation T = zpd?L?® and, with the
ahove relations, directly the wire sag independent of geometrical and material parameters of the wire:
== 941 /(82 7).

The wire tension [frequency) is required to stay within 5% of the nominal value at the nominal
temperature of 20+ 1% C. During wire tensioning and tension measurement. the tube temperature has
to be controlled and measured with this accuracy. The wire tension is measured immediately after

drift tube assembly to give feed-back to the tube assembly and tested again after at least two months
before installation in the chamber in order to minimize the risk of wire creep or slippage.

The measurements of the wire oscillation frequency and of the corresponding temperature are stored
in the central data base for the accepted tubes installed in the chamber. All measurements including
history are kept in the local data bases for reference and tracing of problems.

The instruments used for wire oscillation frequency measurement at the production sites are summa-
rized in Table 4. An example with & commercial tension meter is shown in Figure 1.

5.2 Wire Location Measurement

Measurements of the wire locations at the tube ends in the two transverse coordinates are performed
with two methods (see Table 4).

1. X-ray measurament:

For the wire position measurement, the tube ends are held in a jig in the same way and the same
azimutal orientation as later in the chamber assembly jig. Referance wires with known distances
are embedded in the V-block holding the endplug. With two X-ray sources illominating the tube
under a steren angle close to the endplug. shadows of the sense and reference wires are projected
onto two X-ray CCD images (see Figures 3 and 4). TUging the reference wire grid. the y and z
positiona of the sansa wire can be reconstructed with reapect to the endplug referance surface
where it ia supported on the jig with a resolution of 2 ym. The measurement determines the wire
position independent of the roundness of the endplug reference surface. A second measurement
after rotating the tube by 180 allows to test if the wire is held correctly by the wire locator,

The layout of & wire location measurement. station for series production is shown in Figure 6.

2. Electromagnetic pickup measurement:

Signals of an alternating current circulating through the sense wire ia picked up by two coils
on opposite sides of the tube (see Figure 5). The difference in the signal amplitudes allows
to determine the wire displacement from the center in the plane of the coils with & resolution
of 2 ym. By rotating the tube on the support points on the endplug reference surface, the
wire displacement from the center of the reference surface in both transverse coordinates can be
determined.
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a0 GAS PRESSURE ANTDY LEAK TEST

The measurement. satups are regularly aligned and recalibrated with a calibration tuba. Tubes are
accepted if the measured wire locations at both ends are within £25 pm of the centers of the endplug
reference surfaces in the y and the z coordinates (defined by the endplug orientation]. The tolerance
corresponds to 2.5 times the required rms of 10 pm of the wire location in individual drift tubes.

For the module () chambers, the wire locations in all tubes will be measured. During series production,
the measurement of only a fraction of the tubes produced per day s required to test the quality of
the precision endplugs and the tube assembly tooling. The resnlta for accepted tubes installed in the
chambers are stored in the central data base; all measarements including history are kept in the local
data bases for reference and tracing of problems.

5.3 Gas Pressure and Leak Test

Each complete drift tube {including endplugs and tube wall} has to pass a gas pressure test at 1.5
times the nominal overpressure of 2 bar for safety reasons. Afterwards the tubes are visually inspected
and tested for gas leaks.

A tight limit of 1+ 10°® bar 1/s is required for the gas leak rate of each individual drift tube in the
MDT chambers at the nominal operating pressure of 3 bar in order to prevent back diffusion and gas
contamination. The direct detection of holes in the tube walls by the manufacturer, e.g. with the addy
current. method, proved to be too expensive. Therefore the whole drift tube including endplugs and
tube walls has to be leak tested.

For this purpose, the drift tubes are fully enclosed in a container. The drifi tubes in the container
are filled with an AriC0y, gas mixture with helivm admixture up to 3 bar overpressure to perform the
required pressure test. Subsequently, the argon or helium leak rate into the evacuated container is
measured at the nominal overpressure of 2 bar with a mass spectrometer of helium leak detector {see
Figures 7 and &),

For the many different tube lengths in the endcap chambers an alternative method is also used. The
leakage of the whole tube is measured in evacuated fixtures at the tube ends (endplugs) and with &
fixture moved along the tube using a helinm leak detector [see Figure 9.

A drift tube iz accepted i its individual leak rate at 2 bar overpressure is demonstrated to be below
1-107" bar /5. The test results for accepted tubes installed in the chambers are stored in the central
data base; all measurements including history are kept in the local data bases for reference and tracing
of problems.

The gas leak test is the most time consuming part of the drift tube quality control. Automated leak
test stands are prepared which measure the daily tube production over night under computer control
(see Figure 2 and Table 4). A large number of tubes is either tested simultaneously in multi-tube
containers or sequentially in many single-tube containers (see Figure 8). In the antomated test atands,
the leak test is integrated with automatic wire tension measurement and leakage current measurement
for the high voltage atahility teat.

5.4 High Voltage Stability Test

The high voltage stability of the drift tubes is tested with Ar:C0g (93:7) at 3 bar because this is the
basaline gas mixture and particolarly sensitive to imperfections of inner tube wall and wire.

Testa have shown that the leakage corrents of good drift tubes with this gas mixture at 3 bar are
typically 70 pAfm at the nominal operating point at 3050 V (2. 10* gas gain) and 120 pA/m and
5H) pAfm at 31 V (4 - 10¢ gas gain} and MO0 V (16 . 10* gas gain], respectively. These currents
correspond approximately with the expectation from the cosmic count rate.
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CHAFPTER 5 DRIFT TUBE TEST

A common high voltage stability test is defined as measurement of the drift tube leakage current. at
F400 ¥V with a sensitivity of | nA which the existing commercial HV syatems provide. The high voltage
i ramped up carelully, typically in steps of 10 V, while the current of each tube is limited to be
always less than 2 nA /m. The duration of the high voltage test at 3400V can be limited to not more
than 10 minutes,

Dirift tubes are accepted if the leakage current is below 2 nA per meter tube length. The test resolts
for accepted dreift. tubes installed in the chambers are stored in the central data base; all measurements
including history are kept in the local data bases for reference and tracing of problems.

Optionally, the following additional high voltage tests will be performed at a number of production
sites for all or a fraction of the drift tubes (see Table 4):

o Monitoring of the leakage current over night at the nominal operating point at 3080 V.

o MhMeasurement of the leakage current with increased sensitivity with pA-meters.

o Measurement of the cosmic count rate at 3190V (2= the nominal gas gain].

s Monitoring of the cosmic count rate over night at the nominal operating point at 3080 V.
o Measurement of the signal rate and shape with a radioactive source.

The test results are recorded in the local data bases,
To improve the comparibility of the cosmic count rate measurements at different sites, readout elec-
tronics using the BNL preamplifier and shaper is prepared at BNL for & common test.

In the auntomated drift tubes test stands, wire tension, leak rate and leakage current measurementa
are integrated (see Figure §j.
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CHAPTER 6. CHAMBER ASSEMBLY

6 Chamber Assembly

6.1 Assembly Setup

6.1.1 Asuenlhl_yr Room

The MDT chambers are assembled in & climatized room in clean environment. The following require-
ments are important to control the mechanical precision and stability of the chamber construction:

& The temperature in the assembly room s controlled such that that it is stable and uniform
within H) £ 0.5" C above the surface of the assembly table and within 204 17 C in the rest of
the assembly room.

o Temperature differences between chamber and jigging during the glueing process should be below
1.2° ' to avoid unwanted deformations.

o The relative humidity in the assembly room is controlled to be 50+ 10% to ensure proper curing
of the glue.

o The assembly room is cleaned regularly.

« During work in the assembly room, hair and shoe protection, coats and gloves certified for clean
rooms are used. Before entering the clean room, clothes are changed in a separate chamber.

6.1.2 Granite Tahble

A granite table surface with absolute flatness of at least 200 ym serves as reference for the setup of
the assembly jigging. To guarantee the flatness of the granite table and therefore the alignment of the
assembly jigging over the whole time period of chamber production. the following procedures should

be followed:

e The table is kinematically supported on 3 feet as specified by the manufacturer and on a stable
concrete floor,

o The planarity of the table has to be measured after setting it up in the climatized room and
before installation of the assembly jigging.
The measurement is best done by professionals wsing tilt meters.
If nacessary, the required planarity has to be recovered by polishing the surface after installation
and measurement. of the table in the assemhbly room.

o The feat of the table are checked regularly {every week). The load of the table must be only on
the 3 kinematical supports,

Additional feet installed for security reasons must always be fres. If this should not be the case,
the feet have to be adjusted: chamber assembly should only continue after at lsast 2 days to
allow for relaxation of the table to its original shape.
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fi.l. ARSEMBELY SETUF

Mo installations on the table which are fiemly connected to the floor.
Load on the table must not exceed the design value as specified by the manufacturer.

The aurface of the granite may have to be cleaned before installation of the jigging. Cleaning
ahould be done only with apecial fluid and cloth recommended by the manufacturer of the table.

The granite table must be kept under constant and uniform environmental conditions which are

monitored continuously after setup and measurement as specified by the manofacturers. This
ineludes:

1. Constant and uniform illumination [even with tube layer on combs).
2. Constant relative humidity, typically 50 £+ 10%.
3. Constant and uniform temperature within +0.5% long-term.

4. Temperature gradient batween top and bottom of the table helow 0.2* .

The planarity of the granite table surface [where accessibla) and the alignment of the jigging
have to be measured regularly {initially every 3 montha). Tilt meters are recommended for this
[FU T pisa,

6.1.3 Assembly Tooling

The components of the assambly jigging are measured before and after the installation on the granite

tahla:

1.

z-distances and y-coordinates of cylinders in the V-grooves of the combs,

2. y. r and angular alignment of the comb lines installed on the assembly table.

3. y-coordinates of V-grooves of end comb lines installed on the assembly table.

4.

Height of the sphere towers with the different interfaces.

The alignment of the comb lines 8 measured in regular time intervals (typically 3 months which
corresponds to the construction of about & chambers}. The data are stored in the local production
data bases for reference and tracing of errors.

The assembly jigring ia visually inspected regularly and cleaned when necessary.

The following labelling of the assembly jigging is proposed:

1.

4,

Mark readout and high voltage side on assembly table.
Mark chamber coordinate system on granite table.

Mark ssquential numbers of tube insertion on both end combs,

. Mark reference side on assembly table,

Mark sphere support towers with numbers.
Mark tower with fixed sphere position.
Mark tower interfaces including correspondance to towers.

Mark identifiers of force compensation supports on granite table, corresponding with DB.
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CHAPTER 6. CHAMBER ASSEMBLY

9. Mark location of transfer blocks for alignment platform positioning on combs.

10. Mark chamber identifier (ATLAS numbering scheme) on RO and HY cross plate outer saurfaces
and on protective covers,

During the 12 hour curing time of the glue for the assembly of the tube layers, the vacunm suction of
the tubes in the combs must not fail. The vacuwum underpressure s continuwously monitored. For the
case of a power failure, the vacuum pump should be equipped with an emergency power supply with
fast response time of typically 10 s. Otherwise the accuracy of the tube layer cannot be guaranteed
and the layer may have to be discarded.

6.2 Preparation of Chamber Components

Before entering the assambly room, all chamber components go through a final quality control proce-
dure. The quality of the components is verified by consulting the quality control documentation by

the suppliers and the information in the production data base (see the Assembly Control Plan in
the Appendix).

All components, except for the drift. tubes which are stored dust-free conditions, are carefully cleaned,
the cleaning is verified and the components are properly labellad. All componenta are stored in the
temperature controlled assembly room at least 12 hours before assembly in order to adapt to the
temperature of M) o O,

The following labelling of components & propoded:

1. Mark readout and high-voltage side cross plates.
2. Mark orientation to top multilayer on all cross plates and long beama.

3. Mark identifiers of the in-plane alignment, crosa plate sag and aphere monitors on the spacer
correaponding with TR,

d. Mark locations of mask, lens and OCD of permanent and temporary BASNIK monitors on cross
plates and long beams.

6.3 Glueing Procedures
The following glue types are used for chamber assembly:

s For spacer assembly, glueing of tube layers to the apacer and mounting of gas distribution bars:

Ciba Geigy Araldite 2014 (AW 1349/ XB 5323} with low viscosity to fill the large glue gaps with
shrinkage « 1%, setting (usage) time of 400 minutes, curing time of 3.5 (5] hours to achieve
minimum shear strength of 1 {10} N/mm?* at 23° C on aluminum and a shelve time of 3 years
at 18 — 25" (.

The glue is applied with a manual glue dispenser with static mixer. It will be cured for 12 hours
during chamber assembly.

s For glueing of tubes on tubes:

Ciba Geigy Araldite 2011 (AW 106/ HV 95317 with viscosity of 40 — 45 Pa after mixing at
24" (0, setting {(handling) time of 105 minutes in glue container and 90 minutes exposed to air,
curing time of 7 {10} hours to achieve minimum shear strength of 1 (10) N/mm? at 23" C on
aluminum and a shelve time of 3 years at 18 — 25% (.
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The glue is applied in premixed form on a complete tube layer inserted in the assembly combs
using an automatic glue dispenser with a spead of typically 20-30 minutes for & layer depending
on chamber size which leaves enough resarve in case of problems. [Up to 9 minutes glue handling
time can be accepted with the proper control of oui-of-plane deflections of tubes in the assembly
process.

Ciood control of the amount and location of the glue distributed on the tube layer by design of
the glue dispenser is important to minimize glue shrinkage and out-of-plane deflections of tubes
which can affect the mechanical accuracy of the chambers.

The glue will be cured for 12 hours during chamber assembly. Handling of the premixed glue
and the automatic glue dispensers is described in a Glueing Manual.

o For glueing of alignment platforms, Faraday cage mouting bars, in-plane alignment monitor
components, temperature and B-field ssnsors:

Ciba Geigy Araldite 2012 (AW 2104/ HW 2034) with viscosity as Araldite 2011, setting (usage]
tima of 5 minutes, curing time of 20 (105) minotes to achieve minimom shear atrength of 1
(107 N/mm? at 23° C on aluminum and a shelve time of 3 years at 134 — 25" (.

All surfaces gluad muoat be cleanad with aleohol and dried before glusing according to the glue handling

apecifications. This includes the components of the apacer, the gas syatem, Faraday cages. on-chamber
monitors and alignment platforma.

The tubes are stored and transported in air-tight bags at all times after cleaning by the manufacturor.
The bags are only opened and packed inside the clean rooms for tube assembly and test and for
chamber assembly at the production sites. The tubes are handled with plastic gloves only in order to
avoid contamination. If nevertheless tubes get contaminated by dust or grease ete., they have to be
carefully cleaned with aleohol without destroying the bar code and bending the tubes,

Deetails about the glueing processes during chamber assembly and the associated quality assurance are
described in the Chamber Assembly Manual and the Glueing Manual.

For each glueing atep, an aluminum test piece is glued simuoltaneously from the same glue mixture
a4 used for the chamber assembly to evaluate independently the proper curing of the glue. The glue
on the chamber is inspected after the nominal curing time. If the glue should not cure as required
even after an extended time period, the tube layer or even the whole chamber have to be discarded
depanding on the assembly step.

6.4 Qualification of Personell

The assembly of a chamber s carried out by 3 operators a5 described in the Chamber Assembly
Manual.
Operator 3 coordinates the work in the assembly room and the preparation of materials, ensures that all

assembly and quality control steps are performed correctly according to the Assembly Control Plan
and operates the monitoring deviess for assembly control with the help of the Assembly Control

Program. He also operates the crane during assembly.

The operator team starts its work only after detailed instructions and training on all assembly proce-
dures.

The Production Manager {phycicist or enginesr} supervises the whole chamber assembly process.
He evaluates the monitoring data and has to be consulted when alarms oceur. Critical steps have
to be approved by him as defined in the Assembly Control Plan. He i5 also responsible that the
operators are correctly instructed and trained.
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CHAPTER 6. CHAMBER ASSEMBLY

6.5 The Chamber Assembly Procedure

All steps of the MDT chamber construction procedures are described in detail in the Chamber
Agsembly Manual of each production site and. in addition, in associated mansals for specific com-
ponents and procedures (Assembly Monitoring Manual. Gas System Installation Manual

Glueing Manual].
The detailed work and quality assurance plan for chamber assembly is deseribed in the local Assembly
Control Plan which to a large extent will be implemented in software, the Assembly Control

Program. to control the process with the help of a computer which also aquires and analyzes the
monitoring data.

6.5.1 Monitoring of Chamber Assembly

Monitoring and control of all eritical parameters of the assembly process is essential Lo guarantes
the quality and precision of the chambers, in particular since only a fraction of the chambers can be
measured completely and with sufficient accuracy after conatruction. The complete monitoring and
test data acquired during assembly as specified in the Assembly Monitoring Manual and in this
document (indicated by — DB) must be kept in the local production data base for reference and
tracing of problems.

The following parameaters are measured and monitored during chamber assambly {ses Tables 5 and f):

1. Climatization of the assembly room (temperature and relative humidity}).

2. Temperature of the chamber (with temperature sensora to be installed on the spacer} and of the
assembly combs.

3. Vacuum wnderpressure for tube suction in the combs.

4. Identification of each drift tube and the location in the chamber via the bar code {using a har
code scanner); verification that the tube has been accepted by the quality control tests.

5. Uniform tube length and azimutal orientation of endplugs {by visnal inspection].

fi. Horizontal glue gap betwean tubes in comba (by visnal inspection with illomination from under-
neath] to verify the tube straightness (relevant for the 100 ym tolerance on the wire concentricity

with respect to the tube wall).
7. Height {in y coordinate} of endplug reference surface on the comba to verify proper fitting and
aunction of tubes in the combs,

Measurement devices used are: feeler gauges, tilt meters or laser monitors (see Figure 10).
#. Uniform glue distribution with glue dispenser and glue curing time.

. Stahility of the in-plane alignment monitor readings and of the planarity of the assembly jigging
using the in-plane alignment system (RASNIK monitors).

10. Precision of the vertical atacking of tube layers in the y and z coordinates using proximity
RASNTK monitors (sphere monitors] with large masks mounted close to the spheres at the 4
ends of the two outer cross plates and the in-plane alignment system for the middle cross plate.

11. Measurement of the rotation angles #=, &, and #: {around the =-, y- and z-axes} of the ax-
ial fpraxial and the projective alignment platforma from the alignment with the axes of the
chamber coordinate frame.
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The measurements are performed with a optical angle measuring device based on BCAM (Bran-
deia University) and adapted for this purpose by Saclay, with feslar ganges and tilt meters.

12, Monitoring of the forces {measurad with strain ganges] applied to the long beams by the auto-
matic force compensation system which is used for the BM and B0 chambers to compensate
the gravitational sag of the crosa plates when supported on the sphere towers during assembly.

13. Monitoring of the gravitational sag of the two outer crosa plates during assembly and test of the
chambers using RASNIK monitors temporarily installed on the cross plates between the long
beams (recommended for the BM and BO chambers initially).

14. Regular verification of the planarity of the granite table and the alignment of the jigging (combs
and sphere towers): see section Assembly Tooling.

The Assembly Control Program antomatically generates alarms if any of the monitored parameters
is outside the tolerances. Resulting actions are:

¢ Immediate corrections for the chamber currently under construction {see the Assembly Control
Flan in the Appendix).

o The monitoring data are stored in the local production data base as reference for tracing of
ErTOrA.

e Il the deviations cannot be completely eliminated:

The problem is reported and the data are recorded in the central data base; the chamber is
flagged for measurement in the X-ray tomograph.

More details on assembly quality control and monitoring procedures are given in the Monitoring
MBManual and the Assembly Control Plan in the Appendix.

6.5.2 Calibration of the Optical Monitors

The optical monitoring devices require caraful calibration (see the Monitoring Manual):

1. The angular orientation around the r-axis of the masks of the in-plane alignment RASNIK
monitors relative to the surface of the assembly table has to be measured with an accoracy of
10 mrad for the barrel chambera. This allows to measure the gravitational sag {y displacement
of the middle cross plate) of even the longest barrel chambers with an accuracy of 5 ym after
compensation of the wire sag of up to 350 pym relative to the zero-readings of the in-plane
monitors on the assembly jigging.

The calibration can be done after assembly of the spacer by moving the middle cross plate
aupported on the sphere towers in z direction parallel to the surface of the granite table by
about 1 mm and measuring the change in the y and z readings of the in-plane monitors.

The resolution in the angle measaorement between mask and CCD around the z-axis by the
RASNIK image analysis software i3 much better than 100 mrad and does not contribute to the
BrTOr.

The calibration data have to be stored in the central data base.
2. The zero-readings of the in-plane alignment RASNIK monitors on the flat granite table are

needed as reference for the measurement of deformations of the chamber during assembly. test
{in the cosamic ray test stand and the X-ray tomograph) and operation in the ATLAS detector.
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Readings of the in-plane monitors are taken as part of the chamber construction procedure aftar
each glueing step, for assembly of the spacer and of the tube layers (see the Appendix). The
readings have to be stable within 10 gm during the assembly of the chamber. The average or
a salection of the readings is taken as zero-reading for the future operation of the chamber.

The zero-readings of the in-plane alignment monitors and their readings after each glueing step
are atored in the central data base.

3. The zero-readings of the RASNIK cross plate sag monitors are needed as reference for the
measurement of the sag of the cross plates during assembly and test (in the cosmic ray test
atand and the X-ray tomograph).

The zero-readings are taken with the cross plates suspended at one end from a crane such that
there ia no deformation. They can be verified by measuring the crosa plate sag in the initial
and inverted orientation of the spacer on the jigging after adjustment of the long beams on the
middle erogs plate (see the Appendix].

The zero-readings of the cross plate sag monitors are stored in the local production data base.

4. The angular orientation around the z-axis of the masks of the RASNIK sphere monitors relative
to the surface of the granite table has to be measored and regularly recalibrated with an accuracy
of 530 yrad. This accuracy is needed in order to measure the y and = positions of the spheres
{where the maska are mounted} with a precision of 5 ym over the measurement range of 52 mm
for 3-layer chambera and 784 mm for 4-layer chambera. (The same is true for the reference sensors
on the granite table for & laser sphers monitoring ayatem with transparent MPA-ALMY sensora.)

The calibration measuremant can be done with a tilt meter on the granite table and and on the
housing of the large mask in which it has been accurately aligned with respect to an external
reference surface. Optical measurement of the mask orientation with & pendulum in front of it
using a tilt meter to measure the orientation of the granite table has also besan proposed.

The angle measurement between mask and CCD around the z-axis by the RASNIK image
analysis software has to be at least as accurate as the calibration in order not to increass
algnificantly the y and = measurament arror of the sphere monitors. Optimized RASNIK analysis
programs have shown 30 grad angular resolution.

Once the angular orientation of the aphere monitor CCD has been precisely measured in this
way with respect to the surface of the azssembly table on which it 5 permanently mountad, the
mask orientation on the sphere holders mounted on the next chamber can be measurad the same
way without calibration. Nevertheless, regular recalibration is necessary in order to be sure that

the CCTY holder has not mowved .

The calibration data are stored in the local production data base.

6.5.3 Assembly Control Plan

The Assembly Control Plan containg detailed instructions for quality assurance and quality control
during the conatruction of & MDT chamber.

An example for the construction of BOS MDT chambers is given in the Appendix. The plan is
intended as guideline for the preparation of the local QA JQC plan and for the implementation of the
QA SQC procedures in an Assembly Control Program.

6.5.4 Assembly Control Program

Following the specifications in the Assembly Control Plan, the Assembly Control Program
allows to verify all major assembly steps, acquires and analyzes the data of the monitoring devices,
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stores the data in the local production data base and issues alarms if parameters are out of tolerances

The achematical layout of an Assembly Control Program is shown in Figure 11. Figure 12 shows
an example of & graphical user interface for the control program.

7 Chamber Test

The following quality control tests are performed for each chamber at the production sites immediately
after assembly to provide fast feed back (see Tables 7 and #H):

1. Tests of chamber mechanics on the kinematical supports:

(a) Measurement of the gravitational sag of the chamber before and after sag compensation
with the in-plane alignment monitors.

(b) Measurement of the gravitational deformation of the cross plates with the cross plate sag
monitors (recommendad for BA and B0 chambers).

2. GGas pressure and leak test of the whole chamber.

3. High voltage stahility test with mounted elactronics.

(a) Leakage current measurement.

(b) Coemic count rate measurement {optional).

4. Evaluation of performance in cosmic ray test astand.

The following tests are performed for each chamber after transport to CERN and during chamber
storage (see Table 9):

1. Acceptance test at CERN: visual inspection.
2. Acceptance test at CERN: gas leak test.
4. Monitoring of gas pressure in sealed chambers over atorage time,

4. If final readont alectronics installed during storage: high voltage stahbility test and operation test
of electronica.

The following tests are performed for selected chambers after transport to CERN and during chamber
atorage (see Tabla 10):

1. Measurement of wire coordinates with the CERN X-ray tomograph.
2. Monitoring of wire tension in one chamber per production site over atorage time.

3. Monitoring of drift. tobe ground contact in one chamber per production site over storage time.

Details of the chamber quality control tests are described in the following. Examples of the test se-
quence are given in the sections Chamber Test Program at the Production Sites and Chamber
Test Program at CERN.
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7.1 Gas Pressure and Leak Test

Immediately after assembly, the chambers with in-chamber gas distribution system have to be pressure
tested at an overpressure of 3 bar which ia 1.5 times the nominal overpressure of 2 bar used during
chamber operation.

After the pressure test, the complete chamber is tested for gas leaks at the nominal overpressure of 2
bar with an inert gas. For the same reasons as explained for the gingle-tube leak teat, the leak rate of
a complete chamber including the gas distribution system has to be below 2. 107 bar /s per tube.

The leak rate i3 determined by monitoring the pressure drop and together with the temperaturs
difference betwesn the chamber and a gas tight reference volume (see Figures 13 and 14). With the
sensitivities of differential manometers (Apfp = 10°% — 10°%) and calibrated temperature sensors
(0.1 ) distributed on the chamber (permanent or temporary ones] and on the reference volume, the
tesit takes several days in order to be able to detect a pressure drop in the chamber corresponding to
the required leak rate limit.

The duration of the test is limited by the accuracy of the temperature monitoring. The referance
volume should be close to the chamber and thermally coupled toit to minimize temperature differences.
The temperature of the chamber should be uniform. Performing the test in a temperature controlled
room helps to accelerate it.

The same leak test is performed as acceptance test after delivery of the chamber to CERN. During
the whole storage time, the chambers stay filled with the baseline gas at 3 bar and the gas pressure is
monitored with cheap manometars together with the temperature.

Contact addresses for differential manometers for the test are: JINKE Dubna [{see Figure 14) and
Brandeis [Tniversity.

All test results including history are recorded in the local production data base for reference and
tracing of problems. The leak rate limit and faulty tube identifiers are stored in the central data hase.

7.2 High Voltage Stability Test

After installation of the high voltage and readout boards at the production sites, a high voltage
atability test ia performed with the baseline gas at 3 bar. The leakage current per channel should be
below 2 nA fm 45 nA at 8 times the nominal gas gain. For AriC0Oy (83:7) gas mixture, this corresponds
to a test high voltage of 3400 V. The high voltage i ramped up carefully as for the single-tube high
voltage test where the current per channel is limited to be below 2 nA/m +5 nA.

Optionally, the cosmic count rate per tube at the nominal operating point is measured and recorded
in the local data basa,

The high voltage stability test is repeatad after installation of the final readout electronica which for
a large fraction of the chambers has to take place in the storage area after the chamber test at the
production sites. For these chambers, also a minimum operation test of the final slectronics has to be
performed which is practical with the setup in the storage area (e.g. withoot external cosmic trigger).
It includes test of all electronics interconnections with pulser, verification of signals from all tubes,
measurement of nose level, random rate and wniformity of response.

All test resulta including history are recorded in the local production data base for reference and
tracing of problems. The results of the high voltage stability test, including faulty tube identifiers, are
recorded in the central data base.
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7.3 Cosmic Ray Test Stand

The performance of each chamber is evaluated in a cosmic ray test stand at the production site with
the baseline gas at the nominal operating point. One or several chambers simultaneously are tested
in & tower with trigger chambers {see Figure 15]. The chambers are inatalled with their kinematical
supports on rails as in the ATLAS detector. The in-plane alignment system, cross plate sag monitors
il existing and the temperature sensors on the chamber should be continuously active.

Chambers are accepted after all channels have shown the expected performance stable over a period
of 1-2 weeks. The measurements are stored in the local data base. Examples of parameters to be
monitored are: drift. tube efficiency, noise level, random rate, maximum drift time, resolution &s a
function of z, local wire displacements and uniformity of all channels.

Faulty drift tubes discovered during the operation of the chamber are recorded in the central data

hasa.

7.4 Wire Location Measurement in Cosmic Ray Teststands

Several cosmic ray test stands in preparation for the barrel chambers (see Figure 15) allow to test 3 or
more chambers simultaneously in horizontal orientation. By selacting high-momentum particles with
a lead absorber and using the two outer chambers with precisely known wire locations (e.g. from X-ray
tomograph measurement) as reference for the reconstruction of tracks of cosmic rays in the tower, the
wire locations in the tested chamber in the middle can be reconstructed. Tseful information about the
wire positioning accuracy and possible systematic shifta can be obtained already after & data taking
time of typically 1l hours. Second coordinate measurement of the tracks with accurcay of typically

1 em is needed.

The 3 chamhbers are aligned with respect to each other with tracks. HRotations betwesn the MDT
chambers and between MDT and second coordinate chambers around the vertical § axis must be
limited by conatroction of the rail support syatem of the chambers in the same way as in the ATLAS
muon apectrometar. The tolerances for the rotation angles depend linearly on the second coordinata
resolution; for a second coordinate resolution of 1 cm, the rotation angles #, must be smaller than
I mrad in order not to deteriorate significantly the first-coordinate resolution.

During the measuring time, the relative chamber alignment has to he astable and is monitored with
optical sensors.

Simulations show that after half a day of data taking, the wire locations in the horizontal z coordinate
can be measured with an accuracy of 10— 50 gm depending on the setup. The measurement accuracy
is limited by systematica from autocalibration and alignment stability. Tests will be performed with
the Barrel DATCHA test stand at CERMN.

For measurement of the wire y coordinates, the acceptance for cosmic tracks in a horizontal tower is
limited; a reconstruction accuracy of typically 50 — 100 gm i expected under the above conditions.
The average y-pitch and the separation betwean multilayers can be measurad with considerably higher
precigion. The statistics can be improved by rotating the tested chamber around the r-axis. More
detailed studies are in progress.

For the endcap chambers, the feasibility of measuring wire locations in a configuration where the
teat chamber s oriented vertically, with wires horizontal as at ¢ = 00 in the ATLAS detactor, will he
investigatad.

The wire coordinate measurements and the measurement errors of the tested chamber are recorded in
the local and central data bases.
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7.5 Wire Tension Measurement

During the storage time, in one chamber per production site the wire tension (oscillation frequency) is
monitored for & large fraction of the drift tubes to obtain information about the long-term hehaviour.

Devices for practical wire oscillation frequency measurement in complete chambers have been devel-
oped at JINK Dubna (excitation in & magnetic field} and at LNF Frascati {electrostatic excitation).

7.6 The CERN X-Ray Tomograph

See Figure 16.
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7.7 CHAMEER TEST PROGEAM AT THE PRODUCTION SITES

7.7

L

Chamber Test Program at the Production Sites

Install chamber in leak. high voltage and cosmic ray test stand with kinematic supports as in
ATLAS.

Chamber pressure Lest,

2.1 Connect gas supplies.
Fill chamber with Argon or & to 4 bar pressure.

Identify and repair obvious leaks. disconnect faulty tubes. Store I of fanlty frepaired tubes
in data base (central]j. — DB

If no obvious leaks, reduce gas pressure to 3 bar.
Chamber leak test,

4.1 Monitor changes of gas pressure and temperature difference of the chamber with respect
to a reference volume with a differential manometer in intervals of 12 hours over several
(2-110) days depending on sensitivity of the temperature and pressure measurements.

3¢ Calculate leak rate limit from temperature-correcied pressure drop in the chamber,
Stop when required leak rate limit is reached.

If required leak rate limit is not reached after the time period expected from the measuring
sensitivity: identify and repair leaks, disconnect faulty tubss. Bepeat leak test from 3.1.

After successful leak test: store leak rate limit in data base {central). — DB

After atart of leak test with no obvious leaks detected: Install hedgehog boards [already indi-
vidually testad).

Boards are installed properly cleanad.
Install mexzanine cards with test electronics; connect to TIACQ system.

Store all optical monitor and temperature sensor readings in data base (local). — DB
Store longitudinal in-plane monitor y-readings (gravitational sags of the chamber) before sag
adjustment in data base {central). — DB

Compensate sags of the chamber with the sag compensation systems of the two long beams.

Store all optical monitor and temperature sensor readings in data base (local}. — DB

Store longitudinal in-plane monitor g-readings (gravitational sags of the chamber) after sag
adjustment in data base {central]. — DB

Readout all optical monitors and temperature sensors on the chamber continuously during cham-
ber Lesta.

High voltage stability and operating test with installed readout electronics.

1.1 Fill chamber with baseline gas to 3 bar.
(Operate chamber at baseline operating point within tolerances.

1.2 Docoment. gas composition and electronics settings in data base (local ). — DB

10.3 Monitor temperature, gas presaure, high voltage and chamber currenta at each step.
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CHAFPTER 7. CHAMBER TEST

L1

12

1.4

15

1.6

LT

Turn on high voltage: start at 1 kV below operating voltage, ramp up in 10V ateps until
voltage corresponding to a gas gain of 16 - 1M is reached.

At each step, limit chamber currents to atay below 5 nA ftube.

If high voltage cannot be raied with this corrent limit: identify faulty channels.

If causad by electronics: replace boards.

If caused by drift tubes: disconnect tubes,

Record disconnected tube 105 in data base (central). — DB

At the nominal operating voltage: identify channels with coamic count rate antside +30 of
nominal value,

Record noisy channel IDg in data basa {central). — DB
Sputter faulty tubes due to leakage current.

Record sputtered tube IDs in data base {central]. — DB
Repeat HY test from 1.4,

Record faulty tube IDs in data base [central). — DB

Store chamber currents and cosmic count rates at operating voltage and at voltage corre-
sponding to & gas gain of 10° in data base with temperature, gas pressure and high voltage
values (local). —+ DR

Operation of chamber in cosmic ray test atand at baseline operating point for at least one week.

11.1

11.2

Monitor temperature, high voltage, gas pressure, chamber currents, count rates and optical
monitor readings continuously.
Evaluation of chamber performance.

Sensitive parameters among others: noise level, tube efficiency, random rate, minimum
and maximuom drift time, local wire displacements, position resolution as function of =,
uniformity.

Store in data base (local). — DR
Make chamber operational.

Optional: Reconstruction of global wire locations with reconstruction of cosmic ray tracks
in tower of three chambers, — DB

Store optical monitor and temperature sensor readings on the chamber at the end of the chamber
Lesis. —+ DB

13 Keep chamber filled and sealed with baseline gas at 3 bar during all future transport and storage.

Monitor temperature and gas pressure of the chamber.

7.8 Chamber Test Program at CERN

I Acceptance test of chamber after arrival in the storage area at CERN:

1.1
1.2

1.3

Chambers are installed on their kinematical supports during storage.

Store optical monitor, temperature sensor and gas pressure readings on the chamber (after
first arrival and after every future transport}. — B

Visunal inspection of each chamber for visible damage; flag chambers for X-ray tomograph
measurement and full leak test.




7.4, CHAMEER TEST PROGREAM AT CERN

1.4

Leak test at 3 bar {as at the production sites) of one chamber per transport (acceptance
test] or if incidences during transport or visible damage.
Store leak rate limit in data base [central). — DB

2 Wire location measurement with the X-ray tomograph at CERN:

2

routinely for selected chambers as sson as possible after arrival of & transport to provide
[eedback to the production sites,

for chambera flagged with problams discoversd during construction.

for chambera with visible damage observed after transport.

Install chamber in X-ray tomograph on kinematical supports in horizontal orientation clos-
est Lo the orientation in ATLAS.

2.1.1 Handling and transport of chambers at CERN only with supervisor nominated by

production site present.

2.1.2 Transport of chamber in special transport frame provided by production site.

2

23

Handling of chamber with tooling provided by production sites.

Monitor optical monitor and temperature sensor readings on the chamber during measure-
menta in X-ray tomograph. —_—
DB

X-ray scans: close to each end of the chamber {including wires on alignment platforma)
and at the ends of cut outs,

Repeat each scan to check reproducibility.

Store reconstrocted wire coordinates (y and # at z-position of sacan) for each scan in data
hase with temperature and optical monitor readings {central). — DB

3 Monitor gas pressure [with temperature) of the chamber regolarly during storage time.

Store data in data base (local). —s DR

4 High-voltage and operating test after installation of final readoot electronics (already tested
individually):

4.1
4.4
4.4

Diocument, electronics settings in data base. — DB
Monitor temperature, gas pressure. high voltage and chamber currents at each atep.

Turn on high voltage: start at 1 kV below operating voltage, ramp up in 10V ateps until
voltage corresponding to a gas gain of 10° is reached.

At each step: limit current to stay below 5 nA fchannel.

If high voltage cannot be raied with this corrent limit: identify faulty channels.

If causad by electronics: replace boards.

If caused by drift tubes: disconnect tubes,

Record disconnected tube 105 in data base [central). — DB
Store chamber currenta at operating voltage and at voltage corresponding to & gas gain of
10" in data base with temperature, gas pressure and high voltage values [local). — DB
Operating test of final electronics satup:

Pulser test of connections, signals in all channels, random rate, evaluation of noise level
and uniformity.

Store in data base (local). — DR

MhMake chamber operational.
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CHAFPTER 8. CHAMBER TRANSFORT AND STORAGE

5 Store optical monitor and temperature sensor readings on the chamber before transport to
ATLAS cavern for detector inatallation {central}. — DB

8 Chamber Transport and Storage

Chambers are transported and stored under the following conditions:

o The chambers are transported and stored with Faraday cages (protection of the endplugs) and
protective covers {protection of the tuhes) installad.

# The chambers are transported and stored suspended on their kKinematical supports in a special
frame inside a closed container.

o After test at the production sites, the chambers are kept filled with the baseline gas at 3 bhar
during all further transport and storage.

o The chamhbers are enclosed in an air-tight. plastic bag containing dehumidifier bage.

o The temperature of the chambers is monitored during transport and storage. It must not be
outside the range 10 — 30° . Temperature gradients on the chamber most not be larger than
L .

o Shocks are monitored during transports to CERN.

8.1 Local Chamber Storage and Transport to CERN

1 Dismount test electronics [mezzanine cards only).
2 Inatall chamber in local storage and tranaport frame.

4 Store all optical monitor and temperature sansor readings after installation in transport frame.

— DR
4 Chamber atays fillad with baseline gas at 3 bar during transport and storage.
5 Enclose chamber air-tight in plastic bag.

i Monitor temperature and humidity in storage room. Protect chambers from temperature gra-
dients.

7 Monitor gas pressure during storage with cheap manometer on the chamber. — DB

8 Store optical monitor, temperature sensor and gas presaure readings before transport to CERN.
— DB

8 Transport, load. unload chambers according to handling instructions (only with certified auper-
visor present).

Monitor temperature on the chamhber and record shocks during transport.




A2 CHAMBER TREANSPORT AND STORAGE AT CERN

8.2

Chamber Transport and Storage at CERN

Transport chamber to storage area at CERN. Load. unload chamber according to handling
inatructions (only with certified supervisor present).

Transport in transport frame.

Store chamber in transport frame.

Store all optical monitor and temperature sensor readings immediately after inatallation of cham-
ber in storage area. — DB

Enclose chamber air-tight in plastic bag during storage and tranaport.

Leak test of the chamber with the baseline gas at 3 bar immediately after installation in the
atorage area (as L10LH).

Monitor temperature and humidity in storage room. Protect chambers from temperature gra-
dients.

Monitor gas pressure during storage with the cheap manometer on the chamber.
— DB

After arrival of final slectronics boards: install on stored chambers and connect to DAC)
High-voltage and operating test with installed electronica boards {(as 10.9].

Store all optical monitor and temperature sensor readings before tranaport to ATLAS cavern for
detector installation. — DB
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CHAPTER 9. MONITORING OF CHAMBER PRODUCTIOMN

9 Monitoring of Chamber Production

0.1 Central Production Data Base

0.2 Local Production Data Base
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APPENDIX

Appendix:

Assembly Control Plan
for BOS MDT Chambers

Production site Diatas Chambeer typa= Chamber Moa Page
1l of IT |
Assembly step Applied LA SO0 step [N TS Applied Approval
dorument result dlesrn st tay |

1 Preparation of Chamber Components |
Cruality Control of Chamber Components at Production Site |

1.1 Certificarion Lpa SO0 Check test results, Accapt freject LWL, Production
of drift tuhes Mannal visual imespection tubes, [iH swiry Mamneal Manager

with bar code

1.2 Certificatinn Lpa SO0 Check Q0 doos. Accept freject Sparer Frochaction
of sparer parts Mannal ot firm, dimensions, parts spec. dor. Manager

visual mspection

1% Certification of L P00 Check (3O dars. Accept freject RASMIEK Prodhuction
HAZMIK el=ments Manual ol firm, test remsdoat, COMm PoTeTits spec. doc. Manager
tor in-plane alignm. visual mnspection

1.4 Certification of L 00 Check QO docs. Accept freject Sensar Production
‘|" and B-feld Manual of tirm, test resdoot. COM POaLETits spec. dor. Manager
SETISOTE visual nspection

1.5 Certification L 00 Check storage Accept freject {iue Production
of ghie sapplies Manual time and conditions glue supplier Manager

EQECE.

1 6 Certification of Lpa SO0 Check Q0 dacs. Accapt freplace Froschaction
Farsday cage parts. Mannal ot firm, dimesn=ione, parte Manager
patch pansl. visual imespection
Protective oovers

1.7 Certificatinn Lpa SO0 Check Q0 doos. Accept freplace Alignm. Frochaction
of alignment Mannal ot firm, parts E[IETE, Manager
platforms visual mspection

1.5 Certificatinn Lpa SO0 Check Q0 docs. Accept freject Lras Hvst. Frochaction
of gas manitolds. Manual ol firms, dimensions, parts Mamnsal Manager
gas distribation visual mmspection
hars, connmections

1.5 Store all chambasr Aszembly Seore all components Adapt to WYL, & Uipeeratar
and jigging Slannal at l=ast 12 hours ihe assembly Mamneal i
components in the before ass=mbly, clean roeom temp.
mmsembly room all companents hetore

starage in clean room
Preassembly of Chamber Components in Assembly Hoom

1.10 Install amd adjues Azzambhy Test funetionakicy Azzembly Upeerator
SAE DOmMpensation Mannal Marmeal i
system on long heams

1.11 Mot sphers holders Aszzemblhy Atable fixation. Aphere pos. Azeembly Uipeeratar
with spheres and Mannal measurs position m y within Mamnsal i
sphere monitors on in tolerances
the cross plates |tor glaoe gap|
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Production site Dimte: Chamber typae Chamber Noa Page
2 of 1T
A=zzembly step Applied Lpd SO step QAo Applied Approval
dosument result documaent tay
1.1z Mark on cross plates Amembly Froduction
and long beams location Marmal Manager
and arientation
113 Mark on all HAazNIR Correct Momitoring Froduction
elements wdentiteer oTesponendce Marmsal Manager
and arientation with readout
1.14 Mowmt temp. HASNIR Aszemhbly Stable mounting as Fharp, Mlomitoring Frochaction
momitors on HY and HE Nlannal marked. position analyzahle Marmsal Manager
rross plates adjustment, images of
working resdout mask cemter
115 Install inspdans Amzemhbly Stable mounting as %lomitoring Frochaction
HASNIK monitors comp. Nlannal marked. position Marmal Manager
on oross plabes adjustment,
working resdout
.18 In=tall patch Amzemhbly Froduction
panel on spacer %lannal Manager
L.A7 Azzambils gax Cram Syas, L=ak text of the Accspt frepair Lam Syst. Frosdhaction
manifalds and distr. Ml annal acmemmblead systems, Marmeal Manager
hare an their jige test of gas Howe
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Production site Dk Chambaer type: Chamber Moa Page
i of 1T
Asmembly step Applied LA SO step Cha S0 Applied Approval
dasenmmaent reault doscumaent tay

2 Spacer Assemhbly and Installation of Optical Monitors
Amoembly of the Spuwer

1.1 Start chamber A=zembly Enter date. tame, Control program Monitoring Production
asmeembly monitoring Mlamaal prochection manager m returns param. Mlamuaal Manager
and conteol progeam charge. operator team od chamber

1.k Mount interfaces A=zembly Interfaces correspand Uptimum A=sembly Uperatar
na. I on spheres Mlamaal to towers as lahelled equal tower Mlamuaal i
support towers height

1.5 Zero=readings of Aszembly Watch stabilicy of Stars in 1YH Momitoring Frodhaction
craoss plvte sag Mlamaal monitar readimgs. {average ab Jlarmal Manager
i tars Llefine mero reterence, last 5 readings|

2.4 Mleasure glae gap betw. Arceps reject Aszembly Frochaction

tubes and the cross cross plate. Jlarmal Manager
plates positioned on B swtry

the comresponding

sphers towers in both

orentations armumed b he

FeNiE LSINE TOds

inserted in the combs

25 Fasition middle Aszembhbly Mositioning Aszembly Uiperakor
cross plake on middle Nlamal s marked an the Jlarmal i
towers with squans rroms plabe and
hrackei= within tolsrances [ 11H].

Check positioning af
in=plamie momitor lenoss.

1 Inz=rt long heams Amzemhbly Mositioning Amzemhly Uperakor
throngh holes in Nlamal e marked an the Jlarmal i
middle cross plate, long beams and
suppant them t=mp. within tol=rances [ 11H |

T Pasition mrter Amzemhbly Mositioning Amzemhly Uperakor
croes plakss on Nlamaal A marked an che Jlamal i
towers with equars cro=e plaks and
hrackeez with long within tol=ramces [([1H}.
heams inssrted Check that HV- and R

side cormect.

1K Adjust distances Amzembhbly Mommial valisss Amzamhly Froschaction
hetwsen pairs ol Nlamaal and toderances Jlamal Manager
crres plabs {41 mm| from LS

1.0 Adjust distances A=zembly Mommal vahees A=embly Production
at the extremities of Mlamaal and tolerances Jlamuaal Manager
the outer cross plates {05 mm) tram LIB

2.10 Test. sphere momitors: Sharp. Momitoring Production

COITECE POSTEHMINE analyzahle Jlamuaal Manager
and readaue images of the
masks

211 Install temperatare Assemhbly Test. reacdont. Heplans Momitoring Frosdhaction
srnsors on bhe spacer Mlamal {hse curing tor at tamltw Jlarmal Manager
at the specified pos.. l=ast 1.5 hours. SSTISOTS OT
fix permanently with L'sed also for cahles,

Ciba Geigy Arnldite
Z0LZ

LM AL I O PO
during assemhly.
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Production site Dt Chambeer type: Chamber Moa Page
d of 1T
Aszembly step Applied LA SO step L SO0 Aopplied Approval
dlesrn st result dorumaent tay

.13 dtart continuoes Store anline Monataring Frochaction

reading ot all aptacal in histograms, Mammeal Manager
temperatare and AULDIE. WAITANES
environmental momwitors it parameters

aut of ramge

213 Insert bars of force Azzembly dtahle attachmen: Amsembly Uiperakor
ompensation system Mammal to long heams Mammeal i
thromgh hales in
long heams

214 Casen psnsmtae gy of Azzembly Watch conmvergencs to Store pressure Momataring Frosdhaction
long beams with Mammal predefined presumaric tarce and M amimeal Manager
automatic foroe premmars and Eoree tEmMp. e,
com peEnsation system value= in DB atter

COTVETZENCE
215 Veridy correct Sharp Momitoring Froschaction
aligmment ot analyzahble Mammal Manager
sphere manitors. images of
adjest it mecesary mask center

.18 Lrlue and bolt long Azzembly Frepare ghee test L 0 Uperakar
beams to cross plates Mammal sample for monitoring Mammeal i
[glae: Ciba Creigy ol ghee maring
Araldite 3114}

Preparation of Optical Monitering Systems
217 CUonnect. in-plane Sharp. Momitoring Production
monitars. wdpest analyzable Manmal Manager
pasition and test images of
mask cemter

.18 Lrlue slements ab Azzembly Liong-term hxation No touching L 0 Uperakar
in-plane monitors Manmal ol in-planes monitors. and movements Mammeal 3
in place | glue: Caring of glue tor of HASMIK
Araldite B35 mintmum 1.5 hours. slements abter

Paint =crews and nats. wera-readmgs
119 Calibration of angular Hetter than Aszembly Frochaction
orentations of masks of 10 mrad Mammal Manager
in=plame monitors wich angle calif
respect to gramice tahle ACTTUTACY.
by moving middle cross Store in DYH.
plate on che towers in 2.
Hemowe pistons of force
OO e TSAR 0T,

1.: Hegular calibration Azzembly Hepeat tor every Store in DB, Momitaring Frosdhaction
of sphers monitors: Mamnmal 4" chamber warnimg if Mammal Manager
angular orisntation {antomati reminder), changes
of CC ke with respect idenitify canse obf warning
to gramite tahle

1.21 fero readings of sphers Store in DVH Momitoring Frochaction

monitars |refersnce for with dacs/ Mammal Manager
amem by | time
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Production sits Dhintazr Chambaer typa Chamber Noua Paare
5 of 1T
Assembly step Applied CEA SO step L SO0 Applied Approval
docurment | resuli document || by
Curing of Glue
1.k2 Heart of glue cunmg Check all momitar Store i LYH LA AT Production
readings (optical, with dats Mannal Manager
temperature, torce and time
oo, =nvirnmmental |
1221 Curing of glo= Assembhbly Automatic warmimgs Chmatization, Azzembdy
for minamum 12 hours Mamaal if param. out of range. tarce comp., Manual
antomatic fast recovery mamitoring
pracedure in case of and cantrol
power taihire TONE. ACEIve
1.32.3 In -azs of waming= or Stors in VB Azzembly
power taihirs: check after recovery, Mannal
all monitor readings oTect
immediately deviations
immediately
2223 knd at glue curing Wisual mspection Lt glee not LA Q0
od spacer. properly Manual
Ingpection of ghe o s
om the spacer. TETOOVE SQACeT.
Evaluation of proper dizaszamible.
ghue curing with test Start new
sample [shear sirength ). assembly ac 1.1,
2.E2 4 Check summary of Store in LYH. Monitoring
monitor readings over with dace Manual
nmight. automatic time,
warnings it out ol range ldentity cause
Check all momitar of warmings
readings. and resodwe
Preparations for feroeRendings of In-PFlane Monitors
1.E3 lYismount square Assembhbly Uiperakor
brackest= from spacer Mamaal 3
amdd assembly table
1.k Tarn oft torce Aszzembly Uperaror
COM Al inan Mamaal 3
sy¥stem
125 [Yizmaunt temp. =ag Arzembhbly Upeerator
manitars and bars af Mamaal 3
foree comp. system
from long beams
.25 Install plates for Assembhbly Uiperakor
crans sappart at ends Mamaal 3
ot long beams,
mount crane bearings
1.E7 Life spacer amd Aszzembly Carrect plarement. of Avoid damage Monitoring Uperataor
lower again in Mamaal spheTes on towers to chamhber Manual 3
imitial srisntation, and jigging
dismount crame
bearings
.23 Check all monator Store in DYH Monitoring Frochaction
readings as input for Mannal Manager
wero readmgs
of in-plan=
manitors
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Production sits Dhartaz Chamber type: Chambaer Moa Paare
6 of 1T
Azsembly step Applied C3A O step LYA LT Applied Approval
docurment result diocument by
1.5 Mot crame bearings. Ammembly Correct handling Avaid damage Azzembly Uipeeratar
lift spacer Mamal ol crane ta chamber Mammeal 3
and jigging
1.0 Hatate spacer by Asmzembly Uperataor
IB0® arpumnd Marmual i
r and p axes
1.1 Lower sparer om Ammembly Correct handling Avaid damage Azzembly Uiperakor
towers m inverted Mamal of crane and positiomng ta chamber Manmeal 3
arientation. dismoune ot spheres on towers and jgging
crane bearings
.52 Cherk all manitor Stors in VB Monitaring Froschaction
readings. automatic coTTect M ammeal Manager
warnings it oot of positioning
range. check sags of of spheres
oInes plates oM tOwers
2K Check antom. equal Correct Momitoring Production
heaghe at towers with deviations Manmal Manager
mplane and sphers larger than
momitors, compare with 1k e
previous chambers
2.4 Check all monitor Store in DB Monitaring Frochaction
readings as it for Manmal Manager
zero-readings
of m-plan=
maonitors
185 Preliminary Ammemhly fero detinesd as average dtore in 1B Monitoring Frosdhaction
wero=readings of Mamal ot readings i inataal with date Manmeal Manager
in-plane manitors (228 and inverted |2.54) and time
arientatinn
Finsndjustment of Long Beams on Middhe: Cross Plate
.85 Mot crame bearings. Ammembly Correct handling Avaid damage Azzembly Uipeeratar
lift spacer. rotate Mamal ol crane ta chamber Manmeal 3
inta vertical position and jpgging
187 Fine=ndjustment of long Asmzembly Monitor deviations of Mimimam Momstoring Production
beams on the middle Marmeal langitudinal in-plane int=rnal Mammeal Manager
cross plate with sag systeme from zero; adjost rtrmeees of
com preEnsation system to less tham 4 10 pm ETMACET
1.8 Lower spacer on Aszembly Correct handling Avaid damage Aszembly Uperakar
tawers in imdtial Mamsal ot crane and positioning ta chamber Manmal i
arientation. dismouns ot spheres on towers and pEging
crane bearinge
1.0 Measurs zage of cross Store all Monitoring Frochaction
plates with cross plate maonitor Mamineal Manager
monitars and in-plane readings
SYstEm in 13H
2.40 Mot crame bearings. Asmmembly Cprrect handling Awaid damage Azzembly Uperatar
lift spacer. rotate Marmeal ot crans ta chamhber Mammeal i
by 180* aroumd and jigging
r and p axes
241 Lower sparer om Ammembly Correct handling Avaid damage Azzembly Uiperakor
towers m inverted Mamal of crane and positiomng ta chamber Manmeal 3
arientation. dismoune ot spheres on towers and jgging
crane hearings
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Production sits Diatan Chamber tygpe Chamber Mo Paare
T of 1T
Azsembly step Applicd LA PO step LA LY Applied Approval
clesa et result document by
Zoro=Readings of In-FPlane Monitors | Reference for Assembly )

.43 Mleasure sags of crosc Store= all Monitoring Frochaction
plates with cross plate mamnitoT Mammal Manager
momitars and in-plane readings
System. in L¥H.

Check thar sags of cross ‘Warning it
mlates in initial and aut of range:
mvertesd orientation are Temeat adnestm.
equal within 5 um trom step 2
2.43 Moumnt crame bearings, Azzembly Cormrect handling Avoid damage Azzembly Uperakar
lift spacer. rotate Marmsal at crane ta chamber Manaal i
by 180° around and jigeimg
r and i axes
144 Lower sparer on Azzembly Cormrect handling Ayoid damage Azeembly Uperakor
towers 1 imitial Marmsal al crane and positioning to chamber Mammeal i
arientation al spheres. an towers, and jigging
Afeerwards: check all
monitor readings.
245 Checle all monitor Star= in IMH Manitoring Froschaction
readings as input tor Mammal Manager
zero=readings
of me=plane
manitors
2.48 ferpereadings of Aszzembly Aero detimed as average Stare in L¥H Monitormg Production
in-plane momtars Marmsal at readimigs in imatial with date Manmal Manager
[reteremce for | 2.45) and inverted | 243) and time
asssmbly arientatiom
Install Force-Compensation System

247 Insert bars of foroe Aszzembly Stahle attachmen: Azzembly Uperataor
com peEnsation system Marneal to lomg beamis M amimeal i
through holes in
long benms

.45 Latt spacer Azzembly Cormrect handling Ayoid damage Amsembly Uiperakor

Miarmaal at crane ta chamber Manmal 3
and jigging
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Production sits Diatan Chambar typas Chamber Mo Paare
| | oo |
Assembly step Acpplied CYA LT step LA LY Applied Approval
dioeument result deseumaent || by |
] Assembly of Tube Layer | [ Multilgper A Outer Bultilayer) |
Adjustment of Cross plate S3ag Compensation |
A1 |L.ve=r spacer an Azermbly Caorrect handling Aymid damage Azzembly Upeerator
towreTs in mmitial Mammal of crane and positionimg to chamber Marmeal i
orentation. dismomnt of spherss on towers and jigging
cran= bearings,
plare detined weights
on spheres
1.z Check all monitar Star= in 1}MH. Momitaring Froschaction
readings, antomatic COITect. eos. Marmeal Manager
warnings it out of positioning
ranges, check sags of of spherss
cross plates O towers
1.3 Check auvom. equal Stare in L¥H. Meonitaring Production
height of towers with ooaTect Marmeal Manager
in=plans and sphers dewiations
monitors, compars with larger than
previous chambeers 10 wm
A4 Componsate sag of Aseemidy Watch convergence to Stors pressire, Momitoring Frosdhaction
cruss plates with Manual predetmed pneumatic toroe and Marmeal Manager
automatie foree pressure and foros temp. meas,
compensation system values in LrH afrer
fise F tubee layers COTVEEETICE
A.4.1 Verify compensation Azzembly Cross plats monatar Srare all man. Momitaring
with cross plate sag Manual readings at mero reading= i 1B, Marmeal
meoaitasrs within +5 um, adjust torce
in-plans monatar COMmpensation
readings at ==, no if meceszary
Isttimig of sphieres
weeny by sphere momitors,
awtom. warmings if
maonitors aut of range
3.5 Hemaowe weights. Asmembly Correct handling Avoid damage Aszembly Uperakar
mount crane bearings, Manmal od crane ta chamber Mammsal i
latt =pacer and jigging
Insertion of Drift Tubes into Combs
3.6 Insert drift tubes Asmembly Use plastic gloves Helimble RN INTE Uperakar
in comhbs in predefined Manual tor all tuwhe bonding Mammsal i
seguemes one by one handling aof the gloe
with waewum off
A6.1 Take tube oot of Azeembly Check 1t wisible lfok: DB RENINTE
starage in assemhly Mammal damage of tuhe ar limk to chamber. Marmeal
TR, Ome endplugs If damage:
operacor at sach end, discard tube,
read tube bar code B entry
362 Imaring tuhbe Check ot dust ar Clean or R IRTE
insertion in combs detects an combs Tepair when Marmeal
TIECESSATY
36,5 Insert tube in combs Check it vwecuum suction Heplace RENINTE
holding ic at bach pads are damaged damaged Mammsal
ends. position defined suction pads
by clocking plate
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Production sits Diatan Chamber typas Chamber Mo Paare
|| 8 of 1T
Assembly step Applied LYA LY staep [N WA Applied Approval
diou et re=ult docurment by
Controd of Tube Placement on the Combs
AT Switch on vacuum Aseembly [kstemct varaam beaks Hepair |eaks, Amemhbly Uipeeratar
suction in combs Manmal by maise. check reinsert tubes, Slarmaal i
in defined sequence manometer reading wdjiess under .
after tube insertion [Automatic warnimg pressure, store
if ot af range| reading in 1L¥H
171 Cherk that aszembled Heplare tubs [FEYINTE
tuhe lengeh is otside tod. Mlamal
within tolerances DH entry
3.7 Vismal inspeciion Heplace tube QA 0
if tube walls are it tonsching, Mlamaal
touching end comhbs DB entry
375 Check gap between Helorates one [FEYINTE
adjacent sndplogs on of the tnbes Mlamal
combs | visual inspection it emdplugs
ar with widen camera) LOFICHTITHE,
LB entry
174 Wirnal imepection of Heinzert w=. [FEYINTE
gaps hetween endphag dizrard tuhe Mlamal
rederence surtaces amed it g,
end combs with D entry
ithimination from behind
1.7.5 Check gaps hetwesn Helacate tuhes [ENINTE
adjsrent tnhess with it mors than 2 Nlamaal
ilimination from below adjarent tubes
[visual inspection or toching,
with videns camern) D entry
1.7.8 Measure rel. heighes of Heinzert. v=. QA
endplug reference surfaces dizcard fanlty Mlamaal
an combe with laser or tubes, checlke ot
mechanical gangs: awtom. dust or damage,
warning if out of range stare in LYH
377 Automatic warming it DH entry. QA 0
vaCnIm under pressure |demtify leak, Mlamaal
aut of range. adnest varuam.
Lf vasmmum off: antomatse It varmum aff:
restart withim 10 = perform checks
from step 3.T.1.
Cilue Distribution on Tube Layer
K Mark location ab ghee Amzembhbly Upeerator
rapes for glosing to Nlamal i
spacer on tiche Layer
1.9 Glue distribution in Asg=mbly Unifoerm glue distribusion JliniteEnzm Lzluemg Production
gap botween tubes mammal, with controlled sime, amounts ab MNlarmal Manager
with automatic glae seCT, N.X location and start fend glae to min.
disponser of glue ropes ensured by deform. e
s=ttings of glue dispenser. to shrinkage,
=ztop ghee ropes betore na ghae an
tuhe crimp JigEing
3.48.1 Setup ghie dispenser Ciheming Check settimgs amd Lxluemg
manuaxl Positioning Mlamaal
3.9k Premix glae |Ciba Liheming Check gloe type qualicy, Heplace glue Lxluemmg
Lieigy Araldice 20011, manuaal storage time and conditions. if had. Mlamaal
fill in ghae Enzure immadizte mos Henre start
dispenser ressrvoirs time, tempeT=
ture in LYH
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AFPENTIX

Production sits Dt Chamber type Chambrer Mo Paare
1 asf LT
Amsembly step Applied LA LT step [N WATS Applied Approval
document result daseummaent by
385 Start mrtomaric Lihe=ing Chede qoality of glue Hepaimrs {rhieing Frochaction
glue distribnrtion marnual distribution continooesly, with manual el TOAAZET
| visual nspection ar with glae dasp.
viden camera). | ke remdy
{3lue dispeneer mun=s only in ascembly
in pressmce of operataor. Toom |
Ftop abter first ghae line
far inspection.
1.5.4 Lrlue distributian: Lilusing Awtomatic warming 10 min. Heplace {rlueing
asrop gl Imez 2mm marmal hestore nominal glus=ing glae atter ol
hetore crimp region time |5 s per tube) and max. ghee
at tuhe ends at maximum ghie handbng handling
timme |2 min. ) times exceeded.
DB =ntry
1.8.5 End of ghee Laleeing Svore time, Lrlueimg
digtribution: dismoemt marmal tEmpETatuTe ol
glue dispenser, «lean in VB
in cleaning bath
Crlueing of Tube Layer to 5 pauser
A.10 Lkhstribate glue ropes A zzembly Maximum glue handling Heplace {rlueing Uperataor
[Ciba Geigy Araldite Ml annal timme: S min. glae atter Jlamal i
014} on top of tubes max. ghe
at marked pos. of handling
cross plates with times exceeded
mamsal glie dispenzer
+.11 Lower spacer on Amzembly Correct handling of crane Avaid damage Aszembly Frodhaction
toweers iminacial Manuaal and pasitioning of spherss to chamber Mlamuaal Manager
arientation. dismaouns an towers. Foree comp. amd jigging
crane bearinge artz instamtanecusly.
place definsd weights
on spherss
+.11.1 Chede all monitar Heore in L. Momitaring
readings (snvironmental. ldentifv Mammal,
temperaturs, optical, protdem, Amzemhly
vaouum. force comp. ). litt spacer Jlarmal
antomatic warnmings carefully
it ot af rangs and adjust,
comt. at &1L
Curing of Gloe
312 Start of ghes maring Hoore QA e Froduction
date/time= Mlamal Manager
in DB
4121 Curing al’ ghse A zzembly Awtomatic warmings Wammnim, A=zembly
tor mimimum 12 howrs Manual it param. out of range. toroe coamp., Jlamaal
antomatic faet recowvery climarization,
procedurs in cass of monitarng
power taihars (within and coneral
10 min., vacuum: 1 =| comt. active
4.12.2 In case of warmings or Svore in [DH A=embly
power tathire: checl atter recovery Jlamuaal
all monitor readings correct
immediately. |f vammim deviations
faihmre: o chedes 5.7, immediately
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APPENDIX

Production site Dt Chambaer type Chamber Mo Page
11 of LT
A=zzembly step Applied LrA SO step ChA SO0 Applicd Approval
dorument riesult elosrrmaent tay
F.12.3 End ot ghie curing ¥irnal inspection It glu= mot LA SO0 Frochaction
of chamber. properly Mamal Manager
Inspection ol ghee cured even
an the spacer. atter extended
Evaluation of proper curing time:
ghee curing with test remave chamber
sample |shear strength). and dizcard.
Start with new
amembly at 1.1
3.12.4 Check summary of Store m LB, Monataring
manitor readings over with date/ Mamsal
might. amrtomaric timme.
warmings it out of range. |dentity canse
Check all monitar al wamings
Teadings. and resolve.
3125 Check 1t gaps between Entry im IIH Momnitoring
endplug reference surfaces Mamaal
and combs with
illumination from behind
[glne= shrinkage =Hecis)
3128 Tum aff wcnem Amzembly
Manual
AT Hemove weights, Amzembly Carrect hamdling Avosd damag= Aszembly
mount crane bearings Mannal of crane to cham ber Mameal
lift spacer. and jiggng
then disahle

toroe compeTsation

LE




AFPENTIX

Production sits Dt Chamber typs Chamber Mo Paare
|| 1% of LT |
Azsembly step Applied LA L step (NN Applied Approval
documeent raslt desrnmaent || by |
4 Assembly of Tubs Layer 2 (Multilayer B and Axial/Praxial Alignment Platforms |
Adjustment of Cross plate Sag Compensation |
4.1 Lawer sparer an Apzemhly Carrect handling Avoid damags Azzembly Upeerator
towers in inverted Mlanual of crane and ta chamber Mamsal 3
arientation, dismount positioning of spherss amed jigEing
crane bearings,
place defined weights
1 SpH1eTES |
Steps 4.2-4.9 as Steps 5.2-3.9 |
Mounting of Axial/Praxial Alignment Platforms |
4.10 Position mxial f Agzembly Ensure correct placement Azzemhbly Production
praxial alignment Mlanual af the platforms on the Mlarmaal Manager
platforms with templates and of the
templates on top templates an the endplug
of tube layer 2. refersnce surfaces and
Adjust distances
betwern platforms
in tuhs direction
with mluminum rulers.
4.10.1 Fix plattorms to tube Aesembly {rhserye ghie-handling Heore start {1lue
layer with fast-curing Mlanual specifications. time of glue supplier
gle {Ciha Creigy lze gpecthed amonns curing, and ETIRCE.
Araldite 212 of ghae tempeErat e, Monitoring
Momitor temperature EOVirDOment. Marmeal
sensors on the granite moTatar
tahle during ghie curing. readings
table during ghie curing. m 1B
4.10.2 L iemount templates Amzemhly Mlinimuom glw= curing Avore end Lthie
and alummum rders Nlanual time: | hour time of supplier
after curing of gloe Inspection of oured glae curing S[IRCE.
glue (shear stremgth|. m DB LA fOC
Marmeal
4.10.% Meamnre coplanarity of Heare data Azzembly
platforme with the m [DE Marmeal
granite tahle surfacs
G]uninE ot Tuhe Layer to Spacer |
4.11 I Fistribote glues ropes Apzemhly Maximam glae handling Heplare Crhising Upeerator
[Ciba Crigy Araldite Nlanual time: B mim. glae after Marmeal i
2014} on top of tubes max. glae
at markesd pos of hamedling
crass plates wich time exceeded
mamsal glue dispenser
4.12 Laower sparer an Aesembly Correct handling of crane Avoid damage Azzembly Production
towers in imverted Mlanual and positioning of spheres ta chamber Mammeal Manager
arientation, di=smount on eoweTs. Boree camp. and jigEing
crane hearings, actxs inectant aneons| .
place defined weights
O SpeTES
4.12.1 Check all monitar Heore in DB Momitoring
readings | snviranmental. ld. problem, Manmal,
temperaturs, aptical, latt spacer Azzembly
wacmim. foros comp. ). carsfully Marmeal
antomatic warmings amed el jumss,
it put of rangs cont. at 4. 1%
4.13 Curing of Glue (as 3.12)

b



APPENDIX

Production site it Chambaer type: Chambaer Moo Page
13 of LT
Assembly step Acpplied CEA SO step Cpa S0 Applied Approval
dioeumnmt raanlt dioeumnmt tay

& Assembly of Tube Layer 3 {Multilayer B)

Sl Incremse tower height Aszembdy Interfaces cormespond Crptimum Azeembly Uipeeratar
by one stepn mount Manual to tomers ax Labelled squal tower Manual i
interfaces no. 2 height
on sphure towers
Adjustment of Cross plate Sag Compensation

Sk Lower sparer on Asmembdy Correct handlmg Arvaid damage Azzembly Uiperakor
towers in inverted Manmual od crame and ta chamber Manmal 3
oriewtation. dismoemt positioning of spheres and jigging
crane hearings,
place detimesd weights
nn spheres
Steps 5.3-5.8 as Steps 3.2-3.7
Attachment of Spacer Foil to Tuba Laoper

50 Mark |location of spacer Azzembly Upeerator

toal on tube layer Mammal i

5.10 Attach self-gluning Azzembdy Wignal mepection ol Heplaos Azeembly Upeeratar
Al spacer foil {15 mm Manual toal an tubes: Hat tanlty Manual 3
widhe, 40 um thick) and tully attached pieces at’
to tube layer at pos. toil
of combes halfeay betw.
adjneent cross plites
CGilue Distribution on Tube Layer

5.11 Cilue distribution in Azzembly Uniform glue distribution Mimimum iheing Production
gap haotwoesn tubes Manmal with rontrolled sme, ammrmte of Manmal Manager
and on top of tubes laration and start fend ghe= v mim.
with mutomatic of glw= ropes ensared by deform. du=
glue dispenser s=trings of glue dispenssr ta shrimkage
Steps 5.1L0L1-5.010.5 ax Steps 3.0.1-3.0.5
Glusing of Tube Layer to Spacer

5.12 Laower sparer an Aszembly Correct handlmg of crane Avaid damage Aszzembly Production
tawers in imverted Manmal and positinmg ot spheres ta chamber Manual Manager
orientation. dismoumt om towers. Farce comp and jiggimg
crane hearings, acts imstantansausly.
place detmed weighis
on spheres

S.12.1 Check all momicor Stare in L¥VH. Momitoring

readings |environmental, ldentity Manual.
temperature. optical, prablem. Aszzembly
varuum, torce comp. |, litt spaner Manmal
automaric wamings carefully
it ot of ramge and adjust,

cont. ac 5012

5.12.2 Place weights |steal Azzembly Wmights wrapped wich Avoid tube Aszzembly
barsr 20 mm widae, Manmal plastic tape to avoid deflections Manual
G mm thick) on top of damage of tubes. by glue

multilmyer at the pos.
of the spacer fnil

liefined procedure
independent of ghie diser.

and sstting times

it




AFPENTIX

Production site Dhantasr Chambeer typeer Chamber Moo Page
1d of LT
Assembly step Applied LA SO step L SO Applied Approval
doeumaent result daseumaent tay
.13 Check coplanarity Correct bor Aszembly Frochaction
of axialfpraxial out-nf-plans Mlamaal Manager
alignment platforms detisctions
with granite table of Layer 2
surface il mecessary,
Store data
in 1}H.

5.14 Curing of GGlue (as 3.12)

Assembly step Applied LA SO step L SO Applied Approval
documaent result documaent fay

i Assembly of Tube Lagger 4 (Bdultilayer &)

Adjustment of Cross plate Sag Compensation

d.1 lower spacer on Amemhbly Crrect handlmg Avoid damags Arzembhbly Upeerator
tomers ininitial Mameal of crame and to chamber Mlarmaal 3
orientation, dismount pasitioning ab spheres and jigging
cran= hearings.
plars defined weights
on epherss
Steps G.2-06.12 as Steps 5.3-5.12 and 5.14
Aszembly step Applied CYA JOC step [T WA Applied Approval

docarment result doeurment by
Assembly of Tabe Lagper § [ Multilayer B

7.1 Increasse tower haight Amemhly Interfares cormespaond Crptimum Arzembhbly Upeeratar
by one steps moont M ameal t tomers as Labellead aqual tower Mlarmaal i
interfiees no. 3 height
on sphore towaers
SHteps T.2-Tld as Steps 5.2-5.14
Aszembly step Applied CYA JOC step [T WA Applied Approval

docarment result doeurment by

B Assembly of Tabe Lagrer & [ Multilayer A)

81 Increasse tower haight Amemhly Interfares cormespaond Crptimum Arzembhbly Upeeratar
by one steps moont M ameal t tomers as Labellead aqual tower Mlarmaal i
interfiees no. 4 height
on sphore towaers
Adjustment of Cross plate Sag Compensation

8% lower spacer on Ammembhbly Cnrrect handlmg Avoid damags Axembhbly Uperakor
tomers ininverted Mammal of crame and to chamber Mlarmal 3
oriemtation, dismoumnt positioning of spheres and jigging
crane= hearings.
plares defined weights
on spherss
Steps B.03-8.05 as Steps 3.2-3.4

L]




APPENDIX

Production site Dt Chamber type: Chamhbaer Mo Page
15 of LT
Assembly step Applied Lo SO0 step L S0 Applied Approval
dasenrnaent result desumaent || by
Preparations for Glueing of Tube Layer |
a7 Hemove weights, Ammemhly Cprrect handhing Avaid damage Axzembly Uperakor
mount crane hearings, ‘Mammal al crane to chamber Marmeal i
litt spacer and jJiggmg
8K Mount interfiees Amemhly Intertares correspond Uipsimum Azzembly Upeeratar
mik § on sphore Mamaal to toweers ac [abell=d erqual towesr Marneal i
townrs hiright
Adjustment of Cross plate Sag Compensation |
858 Laowrer sparer on Ammemhly " Cprrect handhing Awaid Axzembly " Uperakor |
towers 1 imitial ‘Mammal ol crane and damage to Marmeal i
prientation. dsmoumt positioming of spheres chamher
crane hearings, and
place detined weights NgEmE
nn spheTes
Stops 3.10-8.18 as Steps 5.3-5.11 |
” " Glueing of Tube Layer to Spacer ”
149 Lavsrer sparer an Amemhly Uprrect handhing of crane Awaid Azzembly Frosdhaction
tawers I imverted Mammal and pogitioming of spheres damage to Marneal Manager
orientation. dismoumt an towers. Force comp. chamber
crane hearings, art= instantansonas|y. an«d
place detimed weighis NEEIE
oI SpHETES
21491 Check all monitor Stare i 1H. Momitoring
readings | envirommeneal, Idenrify Manuoal.
temperature, optical. prablem, Aszzembly
varumm. torce comp. ), latt spaser Mammeal
autamatic warnings carefully
it out of range and adjust,
cont. at 5. 1%,
1192 Place weights [steal Amembly Weights wrapped with Awaid tube Azzembly
barsr 20 mm widse, Manmal plastac tape to avaid deHections Mammeal
& mm thick) on top of damage of tubes. by glae
multilmyer nt the pos. letined pracedure
of the spaucer foil medependent of ghie dastr.
and setting times
A.10 Curing of Glue (as 3,12
8.1 Store meros Amemhly Averags of m-plane Stare m DB Monitaring Frosdhaction
readings of in-plance Mammal momitar readmgs with date/ hdarmeal Manager
alignment system with foree compensation tim=
| referrenen for during construction.
operation of Cherk stability of
chambar) monitor readmgs over
canstruction periad.

il
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Production site Dtz Chamber typae Chambeer Mo Page
16 of LT
Asmembly step Applicd LrA S step ChA SO0 Applind Approval
documaent rasult doseumaent tay
] Installation of the Gas System and Completion of the Chambaer
Preparations for Installation of the Gas System
4.1 Inerense tower height Asmmembly Interfaces correspand Lipgimarm Agzembly Uperatar
by aspmr stepe mownt Mamsal to towers as labelled equal cower Mlanual i
interfices no. 4 height
an sphere towers
9.2 Lower sparer on Asmmembly Carrect hamdling Avaid damage Agzembly Uperataor
towers m imitial Mamsal of crane and positioning to chamber Mlanual i
arientacion, dismauane of spheres on towers amd JigEimg
crane bearings
9.2.1 Check all monitor HSeore in LD, Monitoring Frochaction
readings, antomatic CoITect pos. Nlanual Manager
warmangs it ot ab pasitioning
range, check sags ol spheres
of coss plates on tOwers
Installation of the Gas System
G4 Diismmoumnt tubae Asmmembly Uperataor
clocking and Mamsal i
senling plates
from endplugs
B4 Im=tall s Asmmembly Avyoid farces an the A zzembly Production
manifolds and Mamsal tuhe ends Mlanual Manager
distribution burs
on the multi-
liwyeers
9.4.1 Holt and glae Aszembly
ga= distribution bars Mamal
to cross plates
|with Uiba Creigy
Araldite 2004}
9.4.2 Lrloe Faraday cage Aszembly Ubserve glue-handbng Lalue
mounting bars to Mamal specifications supplier
multilayers wath E[eRCE,
fast-curing glue
|Ciba Geagy
Araldite 2002}
9.4.5 Cuaring ot ghee for Aszembly lemperature and Idemsify Lalue
mimmum 3 hours Mamal smaranmental monitormg caese of supplier
active, automatic WACTNEE E[eRCE,
warmangs it out ol rangs and resalve
9.4.4 Inspection ol cured Repair if LA AT
,Ehl.‘. |shear stremgth) MECESSATY. Mlamual
Preliminary Test of (Gas System
G5 Fressure test with Hepair LN AT Production
Argon or Mo at 4 bar obvious Mlanual Manager
and preliminary leak defects
tesi and leaks
G.5.1 If =everal leaks Eoumd: (R AT
continae with step 911, Nlanual
identify and repair |=aks
in a dedicated plece
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Production site Diates Chambeer typas Chambarr Mo Page
1T of LT
Asmembly step Applied LA SO step CEA ST Applied Approval
dioeument result e et || by
Completion of Chamber and Preparation for Transport

i X Mount Faraday Azpambdy Frotect tube ends Lpa O Uperakor
CAgRE Mammal during transport Mamnsal i

amedl stoTage
) Mount bearings tor Azeambdy Correct handling Avaid damage Azzembly Upeerator
SIS EUppoTT, Ml ol crames tor chamber Mamnsal i
lift spacer and Jigeme
9.8 | Memomt sphere Azeambdy Upeerataor
holders from croes Manmal 3
plates
G.9 Head in-plane amd Store all Mpmitaring Production
cross plate momitors manitar Mamnsal Manager
in imataal and readimigs
imverted onentation in 1iH
ol chamber on the oranes

G.10 Urass plate sag monitars A fOH Uperataor
stay mstalled until Mameal i
end ab wire position
MEASUrSmMENLs in cosmic
ray test stand and for
Meray tomograph

411 Install kinematic Azxembly Uperataor
SUpparts Manmal i

9.1z Install chamber in Azzembdy Froduction
lpcal transport amed Mammeal Manager
storage fmame

913 Imstal temperatume Azpembly Mount in speched Heplace Uiperakor
sensors on tobe Mamineal lacations. tandty i
mltilavers, Ubserve glushandling EETESCTS
tix with fast- specifications, or cahles
curing ghae | Ciba ghue curing for
Creigy Araldite B01E), at beast 1.5 hoors.
connect o patch pamel Test readont.

G.14 Imstal Hetueld Azzembdy Mount in specified Heplace Azmembly Uiperakor
sensors on tobe Mamineal lacations. tandty Mamnal. i
mltilavers, Ubserve glushandling EETESCTS Lrhae
tiw with fast- specifications, or cahles supplier
curing ghae | Ciba ghae curing for EpECE
Creigy Araldite B1E), at beast 1.5 hoors.
oonnect to patch pamel Test readont.

B.15 Instal protective Azpnmbly Protect chamber Uperakor
oovers om the M ammeal during transport i
mltilavers amd stoTAgS

9.14 Mark identifier L3 SO0 Production

(A TLAS nomberng Marneal Manager
echeme) amd date
on the chamber

917 Iraneport chamber Ubserve transport Avaid damage Lpa O Froschaction

to test stand in=tructions tor chamber Mamnsal Manager
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