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Abstract
This Technical Specification concerns the supply of Ultra-High Vacuum chambers for the ALICE, ATLAS and CMS experimental vacuum systems. They are to be manufactured principally from beryllium metal with transitions to aluminium alloy and stainless steel. The longest chamber is 7.3m.
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1. INTRODUCTION

1.1 Introduction to CERN

The European Organization for Nuclear Research (CERN) is an intergovernmental organization with 20 Member States*.  It has its seat in Geneva but straddles the Swiss-French border.  Its objective is to provide for collaboration among European States in the field of high energy particle physics research and to this end it designs, constructs and runs the necessary particle accelerators and the associated experimental areas.

At present more than 5000 physicists from research institutes world-wide use the CERN installations for their experiments.

1.2 Introduction to the LHC Project

The Large Hadron Collider (LHC) is the next accelerator being constructed on the CERN site.  The LHC machine will mainly accelerate and collide 7 TeV proton beams but also heavier ions up to lead.  It will be installed in the existing 27 km circumference tunnel, about 100 m underground, that previously housed the Large Electron Positron Collider (LEP).  The LHC design is based on superconducting twin-aperture magnets which operate in a superfluid helium bath at 1.9 K.

In certain areas of the machine, the vacuum chambers containing the circulating beams pass to room temperature zones. Four large particle physics experiments (ALICE, ATLAS, CMS and LHCb) are installed around the machine vacuum chamber in these zones.

1.3 Subject of this Technical Specification

This specification concerns the supply of ultra-high vacuum (UHV) chambers for the LHC experimental vacuum systems. Special requirements in this area for transparency to particles combined with very good vacuum and mechanical performance mean that the chambers must be manufactured from beryllium metal. This implies specialised manufacturing techniques and safety precautions.

2. SCOPE of the tender

2.1 Scope of the supply

This supply comprises detailed design, procurement of materials, manufacture, assembly, testing, packaging and delivery to the CERN Prevessin site of three beryllium UHV chambers as outlined in table 1 and their associated documentation.

Table 1 - Items to be Supplied

	Item
	Description
	Assembly drawing number
	Design Temperature

	1
	ALICE beampipe
	LHC VC2C_0001
	300(C

	2a
	ATLAS, single walled beampipe with attached heaters
	LHC VC1I_0009
	250(C

	2b
	ATLAS double walled beampipe: As 2a, but with second concentric wall, assembled with spacers, bellows and pump-out ports.
	LHC VC1I_0003
	250(C

	3
	CMS beampipe
	LHC VC5C_0001
	300(C


As a result of the tender, CERN will decide between variant 2a or 2b for the ATLAS experiment.

2.2 Items supplied by CERN

2.2.1 Items to be loaned for factory testing at the contractor

Flanges, transitions and seals described in Annex A will be supplied to the contractor for the duration of factory testing, and shall be returned to CERN with the final delivery.

2.2.2 Items to be free-issued by CERN

CERN will supply components and quantities listed in Annex B for incorporation into the relevant items.

CERN will also supply the raw materials and quantities listed in Annex C for incorporation into the finished products. If the supplier wishes to use different materials for the non-beryllium components of the beampipes, they shall be proposed as part of the detailed design.

2.3 Long-term conditions

In case CERN no longer requires the beryllium beampipes, the contractor undertakes to ensure safe disposal of the beryllium free of charge to CERN for the period of 10 years following the placement of the contract.

3. general conditions for tendering and contracting

Please refer to the commercial documents for more complete information.

Tenders will only be considered from firms having been selected as qualified bidders by CERN, as a result of the Market Survey MS-2926/LHC/LHC.  CERN reserves the right to disqualify any bidder whose reply to this Market Survey is found to have been incorrect.

3.1 Tender procedure

3.1.1 Pre-tender discussions 

The Bidder is strongly encouraged to contact CERN and discuss details of this Technical Specification before submitting a tender.  In particular, CERN wishes to ensure that no doubt exists as to the interpretation of this Technical Specification.

3.1.2 Alternative solutions

If the Bidder finds that any part of this Technical Specification is difficult, or costly to meet, he is free to propose an alternative solution, provided that the deviations from this Technical Specification, together with the reasons and advantages, are clearly indicated in the tender.  Such alternative solutions shall always be made in addition to a conforming bid, which must comply fully with this Technical Specification.

CERN reserves the right to accept or reject the proposed alternative solutions without justification.

3.1.3 Preliminary programme

The Bidder shall propose a preliminary design and manufacturing schedule with the tender, based on the specified CERN provisional delivery schedule.

3.1.4 Subcontractors

The Bidder shall declare in his Tender any subcontractors whose services he intends to use in the event of a Contract.  Refer to the commercial documents for more details. If awarded the Contract, the Bidder shall restrict himself both to the subcontractors and the amount mentioned in the Tender.  If, for some reason, he wants to change any subcontractor, or the scope of subcontracted work, or the amount subcontracted, he must obtain CERN’s prior agreement in writing.

3.1.5 Technical Questionnaire

The Technical Questionnaire attached to this Technical Specification shall be completely filled in and returned with the Tender Form, otherwise the tender will not be considered as complete and will be discarded.

3.1.6 Country of origin

Please refer to the commercial documents for specific conditions concerning the country of origin of the equipment or services to be supplied.

3.2 Contract execution

3.2.1 Responsibility for design, components and performance

The Contractor shall be responsible for the correct performance of all items supplied, irrespective of whether they have been chosen by the Contractor or suggested by CERN.  CERN's approval of the design and component choice does not release the Contractor from his responsibilities in this respect.

CERN assumes responsibility for the performance of items and sub-systems supplied by CERN.

3.2.2 Contract follow-up

3.2.2.1 Contract engineer

The Contractor shall assign an engineer to be responsible for the technical execution of the Contract and its follow-up throughout the duration of the Contract.

3.2.2.2 Progress report

The Contractor shall supply, within one month of notification of the Contract, a written programme detailing the manufacturing and testing schedules.  The programme shall include preliminary dates for inspections and tests.

A written progress report shall be sent to CERN every month until completion of the Contract.

3.2.2.3 Design approval and production

The detailed design shall be submitted to CERN for approval within two months after notification of the contract. CERN will give its approval or refusal, in writing, within three weeks.  Component ordering and equipment manufacture shall not start without CERN’s written prior agreement.

The series assembly shall be preceded by the production of witness samples described in section 4.9. Assembly of the series shall not start before CERN has given its formal approval of the witness samples in writing.

3.2.3 Deviations from this Technical Specification

If, after the Contract is placed, the Contractor discovers that he has misinterpreted this Technical Specification, this will not be accepted as an excuse for deviation from it and the Contractor shall deliver equipment in conformity with this Technical Specification at no extra cost.

During execution of the Contract, all deviations proposed by the Contractor from this Technical Specification, the Tender, or any other subsequent contractual agreement, shall be submitted to CERN in writing.  CERN reserves the right to reject or accept such proposals without justification.

CERN reserves the right to modify this Technical Specification during execution of the Contract.  The consequences of such modifications shall be mutually agreed between CERN and the Contractor.

3.3 Factory access

CERN and its representatives shall have free access during normal working hours to the manufacturing or assembly sites, including any subcontractor’s premises, during the Contract period.  The place of manufacture, as stated in the Tender, may only be changed after written approval by CERN. 

4. Technical requirements

4.1 General description

Assembly drawings for the beampipes detailing CERN’s requirements are listed in Table 1. Component drawings referred to in these assemblies are listed in Annex D.  The contractor shall make a detailed design to conform with these drawings and the requirements of this specification. The contractor shall then produce manufacturing drawings for approval as per section 3.2.2.3.

The chamber shall be assembled from beryllium tubes with a minimum length of 950mm per tube, except at each extremity, where shorter sections are permitted to obtain the required length.

4.2 Materials

4.2.1 Beryllium

Beryllium tubes shall be manufactured by machining from blocks of solid beryllium rod conforming to Brush-Wellman specification S-200F. Documentary proof of conformity to this specification must be provided for all beryllium used. The Contractor shall perform non-destructive testing (NDT) to ensure that the machined tubes will comply with the mechanical and vacuum requirements. The proposed NDT programme shall form part of the detailed design and be submitted to CERN for approval as per section 3.2.2.3. External beryllium surfaces of the chamber shall be coated with a Berylcoat D or equivalent protective coating.

4.2.2 Aluminium

Aluminium sections shall be machined from forged blocks of AA2219 in the T-6 or T-8511 state. The aluminium flange body shall not be heated above 300(C to avoid permanent loss of mechanical properties.

4.2.3 Flanges

Flanges are minimised in dimension and designed for use with Helicoflex seals. The flange details shall conform to drawings LHC VFX__0002, LHC VFX__ 0001 and LHC VC5C_ 0002. The surface finish of the sealing surface shall be ISO 1302 N7C or N6C (0.8(m<Ra1.6(m). For technical reasons, a surface finish of N5 or N8 is unacceptable. The sealing surfaces shall be without scratches, marks or other damage.

4.2.4 Stainless steel

Stainless steel tubes and cones shall be machined from AISI 316L. If assembly of stainless steel by electron beam welding is foreseen, this must be specified in the detailed design and care must be taken to ensure that the material is suitable.  Flanges shall be machined from AISI 316LN forged blanks according to CERN specification No.1001 Edition 3.

4.2.5 Copper plating

Stainless steel sections of items 1 and 3 of Table 1 shall be electroplated with 100(m ( 20 (m of copper. The copper shall be of high purity (>99.95%) and no organic additives shall be present in the plating bath. The relative magnetic permeability of the resulting chamber after coating shall not exceed 1.02. This implies that care must be taken with any strike applied. The proposed strike and copper plating procedure shall be approved in writing by CERN. 

The copper layer shall be such that it is mechanically inseparable from the stainless steel when using a screwdriver or similar tool. No blisters shall appear after 20 thermal cycles to 300(C. The contractor shall make samples TBD to verify these requirements.

4.3 Dimensions and tolerances

Drawings are dimensioned according to ISO standards. Due to the non-rigid nature of the final assemblies, ISO 10579-NR is applied. The jigs and support conditions required to measure the tolerances are defined in the drawings to ensure that tolerances are respected under operating support conditions.

4.4 Joints

Leak tight joints between beryllium-beryllium, beryllium-aluminium and beryllium-stainless steel are critical for this application. The joint methods proposed shall be specified in the attached technical questionnaire. They shall not be changed without written authorization from CERN. The detailed design (see section 3.2.2.3) shall include joint geometry and all materials to be used.

4.5 Safety

CERN Safety Instruction No. 25 “Beryllium” applies. In particular, there must be no contamination of surface with beryllium dust.  In this context, contamination is defined as more than 0.1 mg/m2.  Any tube not conforming will be returned for decontamination at the Contractor's charge.

It should be noted that for reasons of safety, no machining of beryllium (including the use of hand tools, abrasive paper etc.) is allowed on the CERN site.

4.6 Operational conditions

The beampipes shall be designed to withstand all of the following load combinations:

· vacuum conditioning loads: temperature as per table 1. Simply supported at flanges under own weight, differential external pressure of 1 atmosphere, 50 load cycles 

· overpressure test loads:  temperature 20°C. Simply supported at flanges under own weight, differential external pressure of 1.5 atmospheres, 50 load cycles 

· operation loads: temperature -20°C (negative 20°C). Simply supported at flanges under own weight, external differential pressure of 1 atmosphere, 5000 load cycles 

· transport loads: temperature 20°C, no differential pressure. Uniform axial bending moment of 50 Nm, 100 load cycles.

4.7 Vacuum requirements

4.7.1 Inner (Beam Vacuum) Chambers

The required base pressure of the beam vacuum chambers is about 10-9 Pa (10-11 Torr).  In order to achieve such ultra-high vacuum, cleanliness of the inner surface at all stages of assembly work is very important.

The delivered vacuum chamber shall be clean with no further cleaning required at CERN.  This implies in particular no traces of hydrocarbons, organic or inorganic residues from the fabrication or the handling and no finger prints on the inside surface. The proposed cleaning procedure shall be included in the detailed design.  Adequate protections of the ends of the tubes shall be provided at all times to maintain the state of cleanliness.  Sealing materials containing silicon grease cannot be used.

The surfaces shall be free from visible porosity, which may give rise to virtual leaks.

The vacuum chamber shall be leak-tight by UHV standards when tested with a global external pressure of one bar of helium.  Leak tightness of the chamber shall be defined as a total leak rate measured on a calibrated He leak detector not exceeding 2 x 10-11 Pa m s-1 (1.5 10-10 Torr l s-1).

The inner total surface of the vacuum chamber shall have a total outgassing rate not exceeding 4 x 10-9 Pa m3 s-1 m-2 (3 x 10-12 Torr l s-1 cm-2) 72 hours after a 24-hour bakeout at 250°C.  The outgassing rate of hydrocarbons shall not exceed 1% of the total.

4.7.2 Outer (Insulation Vacuum) Chamber

The ATLAS double walled variant (item 2b) has a second concentric beryllium wall, which contains an insulation vacuum, in order to minimise heat transfer to nearby components during bakeout. This insulation vacuum volume is maintained at a pressure down to 2 x 10-4 Pa  (1.5 10-6 Torr).

The insulation vacuum volume shall be clean with no further cleaning required at CERN.  Care shall be taken to ensure that all components installed in the volume are clean and free of grease. All assembly processes shall be performed with clean lint-free gloves.  Adequate protections on the pumping ports and extremities shall be provided at all times.  Sealing materials containing silicon grease cannot be used.

The insulation vacuum chamber shall be leak-tight by UHV standards when tested with a global external pressure of one bar of helium.  Leak tightness of the chamber shall be defined as a total leak rate measured on a calibrated He leak detector not exceeding 2 x 10-11 Pa m s-1 (1.5 10-10 Torr l s-1).

4.8 Environmental conditions

The vacuum chamber will operate in a highly radioactive environment (~107 Gy integrated dose over the design lifetime). No materials shall be used that cannot withstand this environment.
4.9 Witness samples
Three witness samples shall be supplied to CERN for approval for each joint geometry or material pair. In each case the sample shall consist of tubes of material from the same batch as those to be joined in the final assemblies, and with the same geometry. They shall be joined together using the same parameters, materials and in the same equipment as the final assemblies.

Two samples for each pair shall then be subjected to a destructive traction test by the contractor, with stress-strain curves recorded and sent to CERN, along with the failure loads and broken samples. In case of problem with the test sample or equipment, the contractor shall repeat the tests at his expense with new samples such that two tests are completed and documented.  The third sample shall be sectioned across the joint, potted in resin, prepared for microscopic examination in a manner TBD and sent to CERN.

4.10 Heater attachment

The ATLAS beampipe (items 2a or 2b in Table 1) require heaters to be attached to the chamber.  The heaters and consumable materials required for assembly will be supplied by CERN as per Annex C. All tooling required for attachment shall be supplied by the contractor. In particular, this process requires a vacuum chamber (operating at ~10-4 Pa) able to contain the whole beampipe. The heaters shall be attached following a procedure TBD by CERN.

4.11 Information and documentation management
4.11.1 Planning and scheduling

Planning and scheduling activities shall be performed according to the procedure defined in the LHC QAP document No LHC-PM-QA-301.01, "Planning and Scheduling Requirements for Institutes, Contractors and Suppliers".

4.11.2 Quality control records

All specified tests and measurements carried out during all stages of production, from raw material procurement up to delivery and installation, must be recorded in specific files, collected in the MTF (Manufacturing and Test Folder), according to the procedure defined in the LHC QAP document No LHC-PM-QA-309.00, "Fabrication and Inspection of Purchased Equipment".

5. applicable documents

Please refer to the cover letter or Instructions to Bidders for the complete list of enclosed documents which form part of this Invitation to Tender.

Please note that the quality assurance documents, CERN standards and Purchasing documents referred to in this Technical Specification are on the enclosed CD-Rom entitled "CERN Official Documents".

5.1 Standards

The following additional standards are applicable for the execution of the Contract.

5.1.1 CERN standards

· Safety Instruction No. 25 “Beryllium”

· Material Technical Specification No.1001, edition 3. “Forged Blanks for Vacuum Applications”

5.1.2 International standards

· ISO 1302:2002 “Geometrical Product Specifications (GPS) -- Indication of surface texture in technical product documentation”

· ISO 10579:1993 “Technical drawings -- Dimensioning and tolerancing -- Non-rigid parts”

6. Quality Assurance Provisions

The Contractor must plan, establish, implement and adhere to a documented quality assurance program that fulfils all the requirements described in this Technical Specification and drawn up according to the Quality Assurance Plan for the LHC Project.

Please note that the quality assurance documents, CERN standards and Purchasing documents referred to in this Technical Specification are on the enclosed CD-Rom entitled "CERN Official Documents".
The list of relevant topics covered by the LHC Quality Assurance Plan, together with the corresponding documents, is given in table 2 below. 

Table 2 – LHC QAP topics and documents

	Topic
	Document Title
	Doc. Number

	Policy and Organisation
	Quality Assurance Policy and Organisation
	LHC-PM-QA-100.00

	
	Glossary, Acronyms, Abbreviations
	LHC-PM-QA-203.00

	Planning
	Planning and Scheduling Requirements for Institutes, Contractors and Suppliers
	LHC-PM-QA-301.01

	Design
	Quality Assurance Categories
	LHC-PM-QA-201.00

	
	Design Process and Control
	LHC-PM-QA-307.00

	
	Drawing Management and Control
	LHC-PM-QA-305.00

	Change Control
	Configuration Management - Change Process And Control 
	LHC-PM-QA-304.00

	Manufacturing and Inspection
	Manufacturing and Inspection of Equipment
	LHC-PM-QA-309.00

	
	Handling of Non-conforming Equipment
	LHC-PM-QA-310.00

	
	LHC Part Identification
	LHC-PM-QA-206.00


7. tests

7.1 Tests to be carried out at the Contractor's premises

7.1.1 Organisation of the tests

CERN reserves the right to be present, or to be represented by an organization of its choice, to witness any tests carried out at the Contractor's or his subcontractors' premises.  The Contractor shall give at least 15 working days notice of the proposed date of any such tests. The Contractor shall provide all test equipment and personnel necessary to perform the tests required in this specification, except for that equipment noted in section 2.2.1.

7.1.2 Mechanical tests

The vacuum chambers shall each be subjected to the following tests in sequence:

1) 24 hours at temperature as per Table 1 with an applied differential external pressure of 1 bar and simply supported at flanges under own weight 

2) 2 hours at 20(C with an applied differential external pressure of 1.5 bar and Simply supported at flanges under own weight 

3) 24 hours at temperature as per table 1 with an applied differential external pressure of 1 bar and simply supported at flanges under own weight

The ATLAS double-walled chamber (item 2b from Table 1) shall undergo vacuum and mechanical tests twice during the assembly. Firstly as a single-walled tube, as per drawing LHC VC1I_0009 and secondly as a completed assembly as per drawing LHC VC1I_0003. In both cases, the chamber shall be heated using the installed bakeout heaters.

7.1.3 Vacuum tests

The leak rate requirements of section 4.7 shall be verified at room temperature before and after mechanical tests with one bar external pressure of helium for one hour. Testing shall be performed with a Helium leak detector of sensitivity better than 2 x 10-11 Pa m s-1 (1.5 10-10 Torr l s-1), calibrated immediately before the operation.

7.1.4 Geometrical Tests

Tolerances on the final assembly shall be verified using the inspection jigs defined in drawings LHC VC5C_0001, LHC VC1I_0010 and LHC VC2C_0002.

7.2 Tests to be carried out at CERN

The leak rate, limit pressure and outgassing requirements of section 4.7 will be verified at CERN after delivery. If the vacuum chamber fails to meet these requirements it will be returned by CERN to the Contractor for cleaning or repair and returned to CERN, with no additional cost to CERN.

8. delivery and commissioning

8.1 Provisional delivery schedule

The delivery of the final chamber should take place 12 months after placement of the contract.  The precise sequence of delivery is TBD between CERN and the contractor.

8.2 Packing and transport to CERN

The Contractor is responsible for the packing and, where included, the transport to CERN.  He shall ensure that the equipment is delivered to CERN without damage and any possible deterioration in performance due to transport conditions.

8.3 Acceptance and guarantee

Provisional acceptance will be given by CERN only after all items have been delivered in accordance with the conditions of the contract including documentation referred to in this Technical Specification, all tests specified have been successfully completed and all test or other certificates have been supplied to CERN.

The guarantee period is defined in the commercial documents.

9. cern contact PERSONS

Persons to be contacted for technical matters:

	Name/Division/Group
	Tel-Fax
	Email

	[image: image1.wmf]Raymond VENESS LHC/VAC

In case of absence:

Patrick LEPEULE LHC/VAC


	Tel: +41 22 767 3009
Fax:  +41 22 767 5100
Tel: +41 22 767 4352
Fax:  +41 22 767 5100


	Raymond.Veness@cern.ch

Patrick.Lepeule@cern.ch




Components to be supplied by CERN for tests

	Description
	Drawing Number
	Number supplied

	Blank flange OD 86mm
	LHC VFX_P 0008.A
	4

	Transition OD 86mm to Conflat OD 114mm
	LHC VFX_P 0005.A
	1

	Blank flange OD 130mm
	TBD
	2

	Transition OD 130mm to Conflat 114mm
	TBD
	1

	Helicoflex seals for OD 86mm flange
	-
	8

	Helicoflex seals for OD 130mm flange
	-
	4


Components to be supplied by CERN for integration

	Item
	Component
	Drawing
	Quantity

	1. ALICE 
	Bellows
	TBD
	3

	2a. ATLAS single wall
	Bakeout heaters, 3.5m long
	-
	3

	
	Self polymerising Kapton tape (roll)
	-
	1

	
	Thermal shrinking tape (roll)
	-
	1

	2b. ATLAS Double wall
	Spacers
	TBD
	4

	
	Aluminium bellows
	LHC VC1I_0008
	1

	
	Aluminised Kapton foil (roll)
	
	1


Material to be supplied by CERN for integration

	Material
	Dimensions
	Quantity

	AA 2219 T-6 Forging
	90mm diameter x 60mm 
	3

	AA 2219 T-8511 Extruded bar
	72.5mm diameter x 300mm
	2

	AISI 316L Hollow jet
	118 OD x 63 ID x 1000 mm
	4

	AISI 316L  Hollow jet
	71 OD x 36 ID x 400 mm
	3

	AISI 316L Forged Blank
	152 mm diameter x 23 mm
	3

	316LN Forged bar
	120mm x 110 mm
	1

	316LN Forged blank flange
	DN 63 / OD 113 mm
	2


List of Drawings

	Item
	Drawing
	Title

	1. ALICE
	LHC VC2C_0001
	Central Part

	
	LHC VC2C_0002
	Alignment Jig

	
	LHC VFX__0002
	Minimised Fixed Flange

	
	STD VFUHV 0007
	Conflat Flange

	2a. ATLAS Single wall
	LHC VC1I_0009
	Inner Tube

	
	LHC VFX__ 0001
	Minimised Fixed Flange

	
	LHC VC1I_0010
	Alignment of Inspection Jig

	2b ATLAS Double wall
	LHC VC1I_0003
	Inner Detector (VI)

	
	LHC VC1I_0011
	Outer Tube

	
	LHC VC1I_0008
	Bellows (with flange)

	3. CMS
	LHC VC5C_0001
	Central Beampipe

	
	LHC VC5C_0002
	Beryllium Tube

	
	LHC VC5C_0003
	Stainless Steel Cone


Annex A: CD-Rom "CERN Official Documents"

*	CERN Member States are: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, The Netherlands, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland and the United Kingdom.
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