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MANPOWER

Comments

AT/MEL

Septa

Tests & support

nil

available

Already installed

AB/BT

Kickers

Tests & support

negligible

available

Already installed

AB/ATB

TCDD

nil

available

Already installed

TDI

nil

available

Already installed

Dump point 7

Installation and removal

Incidental

4*3 man days

Planning required

Shielding point 7

Installation and removal

Minimal

2 man days

AB/PO

See HWC

Extra work… 

AB/BDI

BLMs

Additional BLMS/cables/racks

50 kCHF

20-30 kCHF

Optional

BCT near dump

Installation

Incidental

20-30 kCHF

HW reusable

Screen near dump

Installation

Incidental

20-30 kCHF

HW reusable

AB/OP

2 weeks SPS 

40 MW on LHC cycle

400 kCHF

pro patria

2 weeks TI8

32 MW peak * 50%

100 kCHF

Delay to CNGS

AB/CO

Controls

Control room

nil

nil

On the schedule

Infrastructure

nil

nil

On the schedule

Applications

nil

nil

On the schedule

Interlocks - power

nil

nil

In place for HWC

Interlocks - beam

nil

nil

On the schedule

TOTAL AB

500 kCHF

80 kCHF +

Access

AP PM76

On the schedule

nil

nil

Needed anyway

AP PM85

On the schedule

nil

nil

Needed anyway

AP PZ85

nil

nil

Needed anyway

Gate sector 1-8 & UJ67

7 kCHF & cabling

Gate arc 6-7

25 kCHF

3 kCHF

Interlock backbone

On the schedule

nil

nil

Needed anyway

TOTAL ACCESS

25 kCHF

7 kCHF

Radiation

RAMSES

nil

nil

Test already milestone

 + Radiation Monitors

50 kCHF

Simulation

1 man month

4 months already used

Survey etc

90 kCHF

Technician 

TOTAL RP

50 kCHF

100 kCHF 

HWC

Vacuum

minimal

Cryogenics

2 weeks

QPS/Energy Extraction

Support during test

2 weeks

Powering

Extra integration work

2 weeks

Interlocks

2 weeks

Cross-system checks

2 weeks

TOTAL HWC

10* 2 weeks

4 weeks delay

Installation 6-7

Transport disruption

Can swallow 2 weeks

Interconnect disruption

Radiation classification

50 - 75 kCHF

assume 50 workers

TOTAL INSTALLATION

50 - 75 kCHF

Cryogenics

Already cool from HWC

Electrical Power

60

Helium

0

Liquid Nitrogen

0

Operators

53

Maintenance

21

MAX TOTAL

150

Depending..

TOTAL CRYO

~150 kCHF

Vacuum

Planning point 7

nil

2 man weeks

Installation point 7

15 kCHF

2-3 man weeks

Capital cost recoverable

TOTAL VACUUM

15 kCHF

10 kCHF
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Summary

The proposal to inject beam into a sector of the partially completed LHC in 2006 is presented.  The motivation for the test is discussed, along with the proposed beam studies, the radiation issues, the potential impact on LHCb, and the requirements for the access system. The demands on various accelerator systems are enumerated. Finally the impact, cost and proposed timing of the test are outlined.

1. Introduction

An LHC injection test has recently been approved. This test plans to inject beam down TI8, into the LHC at the injection point right of IP8, traverse IR8 and LHCb, through sector 8-7 to a temporary dump located near the position of Q6 right of point 7. The motivations for performing this test were outlined at Chamonix 2003 [3] where it was strongly endorsed. However, there are many consequences and the potential impact was also identified [4]. 

The test will involve 3.3 km of the LHC including one experiment insertion and a full arc and as such it may be regarded as very representative of the challenges we will face in commissioning the whole machine.

2. Motivation

A test with beam of part of an accelerator during the installation process is standard and the motivations in the case of the LHC have been well debated [ ]. Such a test allows one to:

1. Check that the ensemble of installed equipment works with beam, and that there are no problems with ongoing installation. Beam is the most powerful diagnostic tool in accelerators and gives us the only 100% sure diagnostic that the aperture in the cold machine is free and has the expected size. The beam witnesses all electro-magnetic fields in the vacuum pipe and will allow: polarity checks of the corrector elements and the beam position monitors (key concerns in the installation procedure), measurements of field errors, determination of any large offsets between beam and magnet. Linear optics checks are also possible. It will be the first exposure to beam of much of the hardware and will, potentially, allow verification of assumed quench limits and spatial resolution of beam losses. 

2. Pre-commission essential acquisition and correction procedures. First tests of important beam diagnostic system will be possible. The beam provides the only way to verify the proper functioning of the diagnostics: timing, BPM resolution, BPM cabling, BPM offsets, BLM resolution. It will allow tests of our control and correction systems (correctors, cabling, 
control system, software, procedures etc.) via bumps, trajectory correction, injection stability, beam threading. 

3. Verify system wide integration: full-blown system wide integration tests necessary for beam go one step beyond hardware commissioning. It allows one to field test for real beam related equipment such as: power converters, kickers, septa, dumps, pickups, synchronisation, timing, and injectors and to get them all working together. It stress tests the controls infrastructure and all that goes with it and will fully validate integration and highlight oversights, and force the debugging of problems. There will be problems. 

4. Last but not least it will provide an extremely high profile milestone forcing the preparedness of all components. These would include controls, timing, transfer from the injectors, instrumentation, interlocks, access, radiation protection etc. These are absolutely critical for the effective exploitation of the machine and it cannot be stressed enough how important it is that they are ready and tested when we come to commission the whole machine. The test would potentially highlight oversights, misconceptions and shortcomings.

 Operationally the exercise would be extremely valuable and it can be argued that the time and effort spent on the test will be more than compensated by a more efficient start-up of the completed machine.

Commissioning of the first sector will have to be done sooner or later. We will have to wrestle with the problems that will be encountered during this phase. Discovering the problems during a sector test will give us a year at least to resolve any problems, perform a critical analysis of the performance of the systems involved and implement improvements. Operationally, any time spent in 2006 on an injection test will be paid back during the first year’s commissioning, enabling us to deliver physics faster. 

A successful test would also validate the project to the wider world.

2.1.1. De-motivation

It might be argued that if any serious problems are uncovered then it would be too late to change anything, related is the question: “What do you if you can’t get beam around after two weeks?” Clearly the sooner any problems, serious or otherwise, are revealed the better. Anything uncovered during the test would give us at least a year’s lead-time to find a possible resolution. 

Many things will undoubtedly change between the test and full commissioning and we will have to re-do the exercise anyway. However it can be counter-argued that most of the accelerator system will necessarily be in their final configuration for the test.

We are going to be busy enough anyway installing and commissioning other sectors and the test will provide a distraction and a draw on valuable resources. Its is undoubtedly true that the test will place demands on the teams involved and draw resources from the installation and hardware commissioning. The impact and potential cost of the test is discussed below.

3. Impact 

There are many potential consequences:

· The test will necessitate the closing of sector 7-8, part of 6-7 and part of 8-1. Installation is planned to be ongoing in sectors 3-4, 5-6 and 6-7 at the time of test. Thus transport of magnets through the sector 7-8, and interconnect work in the closed part of 6-7 will not be possible for the duration of the test. 

· The test sets a hard deadline for the hardware commissioning of sector 7-8 and the requisite part of 8-1. 

· The test will force the commissioning schedule of certain systems e.g. access and interlock systems.

· Remenant radiation after the test could potentially force parts of 7-8 and 8-1 to be declared a Simple Controlled Radiation Area with knock-on effects for magnet transport and subsequent installation.

· The test will clearly use resources: both manpower in the preparation, execution and recovery, material costs for items, which are not part of the final LHC configuration, plus exploitation expenses.

It is clear that careful planning is required to fully anticipate the requirements and effects of the test in order to minimise the disruption it will undoubtedly prove to other ongoing activities. 

4. Timing of the test

The entire injector chain will have been in shutdown for 2005 and a reasonable amount of time should be allowed for the re-commissioning of the injectors. It is estimated that 4 weeks will be required for cold checkout and re-commissioning.  With the present contracts for electrical energy, it is not possible to pulse the SPS main magnets before April. There remains a possibility that this might change between now and 2006, but we cannot rely on this. Ignoring the possibility of pulsing the SPS before April 2006, the earliest date for the start of the test is thus the start of May 2006. 

The extraction of LHC pilot bunches has already taken place and thus should not pose any serious problems to the injectors.

For LHCb, the test is already taken into account in their planning. A delay of more than ten weeks beyond April 2006 would jeopardise the LHCb overall commissioning. 

The timing of the test in relation to the LHC schedule now means that it will be performed immediately after the commissioning of sectors 7-8 and 8-1 thus avoiding the possible re-cooling and re-commissioning of these sectors.

5. Tests with beam

The injection test itself is one of a planned sequence of tests with beam: TT40 extraction test (successfully completed in September and October 2003), and the TI8 transfer line test foreseen of September/October 2004. The beams used and the intensity to dump are similar to that planned for the injection test and as such have allowed the verification of the levels of radioactive activation.

The LHC pilot beam will be used for the most part i.e. a single bunch with an intensity of 5 to 10 x 109 protons. This is below the quench limit at injection energy if losses are diluted over a distance greater than 5 m. It is also two orders of magnitude below the damage threshold. To avoid unnecessary activation the clear aim will be to minimise losses and use beam sparingly when we know where it’s going.  The beam can be delivered from the SPS with a repetition rate of around once per twenty seconds.

A preliminary list of possible tests with beam is shown in table 1. Some can take advantage of the so-called de-Gauss cycle which attempts to minimise the persistent currents on the injection plateau. This cycle is of no use for ramping and we would move to the nominal cycle to investigate multipole behaviour on the flat bottom and the effects of re-cycling.


The total intensity is predicted to be around 2 x 1013 protons given the tests shown in table 1.  The total time allow for the complete injection test is two weeks, which implies an operational efficiency of around 50% if the tests below are to be performed in their entirety. The operational efficiency is very likely to be a lot less than this, implying careful prioritisation of the tests, and that the figure given for the total intensity on target represents an upper limit.

[image: image1.wmf]Table 1: Outline of proposed studies with beam 

6. Radiation

As noted above it planned to use LHC pilot intensities (5 x 109) for the most part with strict proviso not to irradiate LHCb: their zone must remain a surveyed area (personal dosimeters not required) after the test. The clear aim will be to minimise losses and use beam sparingly throughout the test. Simulations by the RPG [2] show that activation will be low. Typical dose rates after one day’s cooling, if the above total where delivered in one day, would be of the order:

· 6 (Sv/h along side the dump

· 140 (Sv/h on the downstream face of the TED

· Negligible activation if the beam is lost uniformly along the sector between point 8 and point 7

· 4 to 10 (Sv/h if the beam is lost repeatedly in one dipole (an unlikely scenario)

Some irradiation of the concrete walls along side the dump can be expected. There would be an extra beam stop after the beam dump to prevent downstream activation from hadrons that “punch through” the dump. The figures quoted above have been confirmed by the careful measurements performed by the RPG following the injection tests in TT40 which took place in September and October 2003 using comparable beam intensities.

For prudence we must anticipate that parts of the zone that sees beam will be declared a Simple Controlled Area after the test with potential warm spots near the injection dump (TDI) and the around the position of the beam dump. The dump itself can be removed after the test. Passage through these controlled areas will be possible after the test with a personal dosimeter. The RPG will survey after the event to check levels of activation. If they find negligible activation the simple controlled areas may be re-classified as Surveyed areas.

Radiation monitoring will be required during the test with the radiation monitors provided by TIS. The dedicated LHC monitoring system RAMSES [] has planned to use the injection test as a milestone. In the LHCb area 4-5 monitors are planned by RAMSES however these are not designed to measure zero. Thus extra monitors will be required, 2 to 3 PMI monitors with appropriate monitoring are foreseen. The LHC beam loss monitors will be in place and should be sensitive to losses at the 1% level with the pilot bunch intensity. The extracted, injected and to dump beam intensities will be logged.

The INB will need to be informed and estimated intensities, estimates of likely activation and estimates of personnel doses provided. Appropriate restrictions could then be discussed. A report needs to be provided to them in 2004.

7. Access

Clearly there will be no access to the zones that see beam or the radiation from the beam during the test. This implies interlocked gates in tunnel sectors 6-7 and 8-1, along with interlocked access restrictions at PM76, PM85 and PZ85 (see figure 2). Much of this infrastructure will be necessary in the final LHC configuration and can be made available for the test without too much extra cost [6].

· For sector 6-7, a gate must be installed and interlocked at least 800 m from IP7. A simple interlocked gate is required. The gate will have to be removed after the test. This distance has been determined following simulations of the downstream radiation from the dump []. The infrastructure would be temporary and would need to be replaced after the test. 

· The machine access point at Point 7 (PM76) should be operational.  The situation there is fairly simple and if the final configuration of the access system were not to be ready it should be possible to have a blocking gate, necessarily interlocked. 

· The machine access point at Point 8 (PM85) will be operational.  

· An interlocked gate must be placed at the top of PZ85. 

· The gate in sector 1-8 (also required for the TI8 tests) must be operational & interlocked. The gate will have to be removed after the test.

Access gates are not required to delimit the boundaries of any Simple Controlled Radiation Areas after the test. 

8. LHCb

The injection test falls in the period where the installation of the LHCb detector is still ongoing. The LHCb installation sequence and schedule have been adapted such as to accommodate the injection test. 

Nevertheless, LHCb would like to point out the major constraints that should be respected []:

· The Vertex Locator forms part of the beam pipe and the final beam pipe has to be in place for the injection test. The preliminary installation of a temporary beam pipe would delay the installation of a large number of sub-detectors that need the final beam pipe in place.

· The LHCb beam pipe will not be fully commissioned by April 2006. In particular, the vacuum chamber will not be completely baked out. The silicon detectors have to be installed after the sector test and only after the complete beam pipe commissioning. This should not cause a problem for the single pass of a low intensity beam.

· It has to be ensured that the experimental cavern at point 8 will be treated as a surveyed area after the injection test and not as a controlled area.

· Likewise, it has to be ensured that no part of the beam pipe or nearby detector will receive a radiation dose that would leave either activated after the test.

· For LHCb, April 2006 is the most convenient time slot for the injection test. All detectors, which need to be in place before the beam pipe integration, will be installed and the time left before the global LHCb commissioning is sufficient to complete the LHCb installation after the injection test. 

· The interruption to the LHCb installation due to the injection test should not exceed three weeks.

Several measures are anticipated to reduce the risk of irradiating the LHCb installation. With the un-squeezed optics there is reasonable aperture in this region, (50 mm ( 18 (), and neither the crossing angle bump nor the separation bump will be required. The injection dump (TDI) can be closed as far as possible during optimisation of the injection region preventing the passage of beam through the inner triplet right of IP8. On-line monitoring of the region will also be in place. Additional BLMs can also be installed in this region.

9. Accelerator system requirements

Clearly the magnets, cryogenics, quench protection system, vacuum system, energy extraction system, interlock systems will have to have been commissioned []. 

9.1. Vacuum

The dump is to be installed somewhere between the D3 and D4 (both to be installed after the test). A temporary vacuum pipe is necessary from the cold section to the beam dump. Something like four 7.3 m sections of standard vacuum chamber to link the end of the dispersion suppressor to the temporary beam dump are foreseen. The vacuum pipe stop in a titanium window a few cms. before the dump.

For the injection region in 8-1, the warm sections (MKI, MSI, TDI, TCDD) will have been installed and commissioned in 2005 along with the rest of the requisite part of sector 8-1. This is important. For room temperature sections, there is no need to activate the NEG for the injection test. Mobile pumping will be available if required.

9.2. Cryogenics

The cryogenics system will be commissioned in the hardware commissioning phases. For completeness we will need the sub-sectors shown in table : 

	Sub-sector
	Description
	PIC
	DFB

	A78
	 Arc 7-8 cryostat (right side) + Match. section
	 CIPCA.R7
	 DFBAN.7R7, DFBMH.6R7

	A78
	 Arc 7-8 cryostat (left side) + Match. section
	 CIPCA.L8
	 DFBAO.6L8, DFBAO.7L8

	ML8
	 Matching section in L8
	 CIPCM.L8
	 DFBMA.4L8, DFBMC.5L8

	XL8
	 Inner triplet in L8 
	 CIPCX.L8
	 DFBXG.3L8

	XR8
	 Inner triplet in R8
	 CIPCX.R8
	 DFBXH.3R8

	MR8
	 Matching sections in R8
	 CIPCM.R8
	 DFBMB.4R8, DFBMI.5R8


Table x: Required sub-sectors and associated DFBs

The inner triplet and the stand-alone magnets to the right of point 8 can be cooled independently of the arc 8-1 with various options available depending on the state of advancement of the hardware commissioning of 8-1 [].

9.3. TI8 

The transfer line TI8 needs to be fully commissioned. TI8 will be commissioned to the last TED before the LHC in 2004. The additional section between the TED and the LHC septa is relatively simple and will have to be commissioned with beam at the same time as the LHC injection test. The requirements for the transfer line commissioning are well described elsewhere. The main requirements for the injection test are a stable, well corrected, well matched trajectory with the designated emittance. Orthogonal Steering of injection point will be required. Interlocks/extraction inhibit, from various LHC elements will be required.

9.4. Injection region fully commissioned

· Septa: installed & commissioned, along with associated power converter, controls, and interlocks.

· Kickers: These should have already been installed, commissioned and fully baked out. Appropriate diagnostics, high-level control, slow timing, pre-pulses, analogue acquisition must be in place. The commissioning of the links to the machine protection systems has to be scheduled before the sector test.

· Beam instrumentation, as planned: namely bunch current transformer (BCT) before septa, screens before and after septa, screens before and after kickers, screen before TDI. Beam position monitors (BPMs) and beam loss monitors (BLMs) at agreed positions.

· TDI: commissioned

· TCDD installed.

· Required magnet circuits are as shown in table

· A skeleton RF “synchro” system will be in place to provide the fast timing references and pre-pulses.

9.5. Inner triplet right of IP8
The inner triplets right and left of IP8 will be required. Again with the energy level at 450 GeV and with the insertion un-squeezed the powering levels will remain moderate. The crossing angle and separation bumps are not required. The higher order multipole correction circuits will not be required.

9.6. LHCb

· The final vacuum chamber will be in place.

· Spectrometer magnet compensation elements de-commissioned. Spectrometer magnet off.

· RAMSES monitors in place

· Additional radiation monitoring in place.

· Additional BLMs in place

9.7. Matching section L8 

Injection collimators (TCL) are optional

9.7.1. Dispersion suppressor L8

Dispersion Suppressor: Q8, Q9, Q10, Q11, Q12, Q13 commissioned, powered and cold. Full list of required circuits in Appendix A.

9.8. Arc 7-8

The full complement of required magnet circuits is shown in table . Clearly not all of these circuits will be required for the single pass injection test and the potential need for each circuits is indicated in the priority column: 1 is essential, 3 is not needed [OB].

	Description
	Type
	No. of circuits
	Priority

	Main bends
	MBA/MBB
	1
	1

	Main quadrupoles
	MQ
	2
	1

	Lattice sextupole
	MS
	4
	2

	Lattice octupole
	MO
	2
	3

	Skew quadrupole
	MQS
	1
	1

	Tuning quadrupoles
	MQT
	2
	1

	Skew sextupole
	MSS
	1
	3

	Dipole correctors
	MCB
	24 (V) + 23 (H)
	1

	Sextupole spool pieces
	MCS
	1
	3

	Octupole spool pieces
	MCO
	1
	3

	Decapole spool pieces
	MCD
	1
	3


The test will take place at 450 GeV and the need to push the circuits to top energy will not be required. The effect of cycling the main bends is an option. However the 7 TeV equivalent does not necessarily need to be used as the high point of a magnetic cycle.

9.9. Right of IP7

· Dispersion suppressor to Q6 cold and commissioned together with associated correction circuits.

· Q6 installed and commissioned, NB not on present planning.

· D4, D3, Q5 etc. not installed.

· Dump installed with appropriate monitoring

· Radiation monitors

· Screens as planned plus additional near dump (exact position to be determined)

· Additional Beam Loss Monitors 

· Additional BCT near dump (exact position to be determined) 

· Additional vacuum pipe installed with appropriate instrumentation.
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Figure x: Layout point 7

9.10. Targets & Dumps

The TDI and TCDD should already be installed and commissioned. The dump on the right of point 7 will be a TED or similar re-usable element. These are heavy (25 tons) and detailed planning effort is required. Extras shielding will also be required.

Installation will take around 2 days with at least 3 experienced persons involved, similarly for removal. Foresee temporary installation with no cooling. The installation must be planned well in advance with a detailed integration study required (lifting jig etc.). Extra shielding is straightforward. Use TI2 TED or other similar dump, reusable and so into radiation storage afterwards.

9.11. Beam Instrumentation

The following systems will be required together with front-ends, gateways, networks, data acquisition, and control room applications. 

· Screens as planned plus additional screen near dump (exact position to be determined), hardware is re-usable, additional manpower required.

· Beam Loss Monitors

· Beam Position Monitors: First cold test of BPM itself in situ.

· BCT as planned plus additional instrument near dump (exact position to be determined), hardware is re-usable, additional manpower required.

· Beam synchronous timing

Six BLMs per quadrupole are foreseen: their sensitivity is good enough for pilot. It has been suggested [] to over equip one quad and one dipole with, say, 50 BLMs. This would enable one to check the distribution of losses and validate simulations. We would need to pull temporary fibres, install readout electronics with additional cost clearly implied.

9.12. Powering

The required power converter circuits are detailed in Appendix A.

9.13. Controls

The test would act as important milestones and test of final system. Clearly effort required but no additional costs.

Preliminary list of requirements may be found at []. 

· Beam synchronous timing, slow timing, RF pre-pulses. 

· Full supporting infrastructure: gateways, front-ends, timing cards, networks, top-end machines

· Logging, post-mortem, alarms, monitoring.

· Equipment control

· Application software: trajectory acquisition and correction..

· Fixed displays: beam losses, beam positions, radiation….

· Settings management: current settings etc.

All facilities should have been well tested before the test itself.

9.14. Interlocks:

 Power permit and abort will need to be in place to provide machine protection to prevent damage to magnets, cables and current leads: the powering interlock system is already necessary for hardware commissioning. Transfer line interlocks will need to be in place to prevent extraction from the SPS together with an intensity transfer veto.

Low intensity pilots to be used and these should not be able to quench a magnet, thus limited need for beam interlocks but beam permit system should be commissioned. A prototype beam interlock system is foreseen comprising three Beam Interlock Controllers and one beam permit loop[]. Clearly the beam dump is not available.

10. Installation

As noted above installation is planned for sector 6-7 while preparation for the test, the test itself and recovery from the test is ongoing. The situation is better than first envisaged because the access gate in the sector 6-7 can be placed 800 m. from IP7 leaving a large part of the sector open to receive magnets and allowing work on the interconnections to continue.

For 2 weeks a solution can be found for any labour displaced from the closed part of sector 6-7 []. Magnets are scheduled to pass via 2-3-4-5 to reach 6-7 during April, via 1-8-7 during May, clearly installation planning must adapt to best match the final date of the test. Magnet storage might be an issue, but with planning, a surmountable problem.

The essential message from installation is that they must be able to work as before, where needed, without restriction. Herein lies a problem - the installation will be performed in the LHC main tunnel and its annexes. These zones are classified as non-radiation controlled areas and consequently no special radiation protection requirements are asked from the companies supplying contract workers. After the test a part of the LHC tunnel might have to be classified as simple controlled radiation area. In this case the work site conditions might change.

The workers to intervene there have to be belong to the category of Radiation Workers. In the Legislation of most CERN members states, personnel would be classified as "Category B Radiation Workers" according to the European Council Directive 96/29 Euratom.  (class B < 6 mSv/y). Contractors will need to be informed and the fact included in their contract specification. The contractor has to have certification by law and takes full responsibility for the employees.

We will need to know the number of people that will enter the zone and their activities in order to produce collective dose estimates. Topics to be addressed include: who and how many persons have to pass through the area exposed to the sector tests. When will access be needed  (one day after the test, one week, one month...) and what activities are to performed?

How many people implicated?

· Transport of magnets, 20 people maximum (at any one time)  - maximum 5 magnets a night, average 3

· Interconnections: would be finished in 8-1 and 7-8, so passage of personnel and materials via other IPs. Do they need to come through these sectors? Apparently not. (40 people if they do) 

· Transport of material: point 6 could be used (but access facilities not identical to point 8)

· Work in controlled zone after the test: Electricians – no maintenance foreseen, very limited access required. Cabling: work in sector 8-1 & 7-8 after test – should be minimal Maintenance: vacuum, cryogenics, power converters…Cleaners

· Warm magnet installation right of 7 after test

We estimate approximately 100 persons to be implicated with the cost of classifying a person as a radiation worker being estimated at 1 to 1.5 kCHF. These restrictions will only be needed if the activation levels are above those that demand Simple Controlled Areas. With judicious use of beam, the levels could well not necessitate such restrictions.

11. Cost

Since the possibility of the test was reviewed, the hardware commissioning schedule has been adjusted and now foresees the commissioning of sector 7-8 and the requisite part of 8-1 planned to directly lead into the sector test. This will help considerably removing as it does the need to re-cool and re-commission the sector after a gap following initial commissioning as was originally planned.

11.1. Operations

The test implies at least 2 weeks out of the physics schedule for 2006, necessarily delaying CNGS by the same amount.

An estimate of the running costs of SPS and TI8 that might be attributable to test follows. It is expected that we would pulse a lot less than elapsed time and thus assume 50% operational efficiency over 2 weeks:

· SPS Power consumption ((50 MW*168*30 CHF/MWh) ~ 400 kCHF   (cf. 860 kCHF for 15 days flat out)

· TI8: preparation and re-commissioning (two days) plus power consumption (36MW*50%*168*30 CHF/MWh) ~ 90 kCHF

The vacuum group have their baseline layout, which is considered the final configuration. A integration layout of the zone with the temporary beam dump would have to be produced with planning and mechanical design work required well in advance. For the installation of the temporary beam pipe 2 to 3 man weeks preparation and installation time is needed. Additional instrumentation will be required.

Whether or not Q6 will be installed needs to be established well in advance with subsequent intervention eased greatly if it is there:

Kickers

The cost (some wear of thyratron tubes depending on length of test, cost of any piquet interventions) should be negligible to the early gain in experience [].

Some more work for the PO group is implied, however the situation is much improved by having the test immediately after the HWC. No major extra cost for materials (a little more instrumentation) the availability of the specialists. The main gain for PO group would be to check the reproducibility of the current with beam. 

BDI is heavily implicated and the test will clearly generate a lot of work: preparation, testing, data analysis. However the group is very much in favour of the test [].
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Incidental

20-30 kCHF

HW reusable

Screen near dump

Installation

Incidental

20-30 kCHF

HW reusable

AB/OP

2 weeks SPS 

40 MW on LHC cycle

400 kCHF

pro patria

2 weeks TI8

32 MW peak * 50%

100 kCHF

Delay to CNGS

AB/CO

Controls

Control room

nil

nil

On the schedule

Infrastructure

nil

nil

On the schedule

Applications

nil

nil

On the schedule

Interlocks - power

nil

nil

In place for HWC

Interlocks - beam

nil

nil

On the schedule

TOTAL AB

500 kCHF

80 kCHF +

Access

AP PM76

On the schedule

nil

nil

Needed anyway

AP PM85

On the schedule

nil

nil

Needed anyway

AP PZ85

nil

nil

Needed anyway

Gate sector 1-8 & UJ67

7 kCHF & cabling

Gate arc 6-7

25 kCHF

3 kCHF

Interlock backbone

On the schedule

nil

nil

Needed anyway

TOTAL ACCESS

25 kCHF

7 kCHF

Radiation

RAMSES

nil

nil

Test already milestone

 + Radiation Monitors

50 kCHF

Simulation

1 man month

4 months already used

Survey etc

90 kCHF

Technician 

TOTAL RP

50 kCHF

100 kCHF 

HWC

Vacuum

minimal

Cryogenics

2 weeks

QPS/Energy Extraction

Support during test

2 weeks

Powering

Extra integration work

2 weeks

Interlocks

2 weeks

Cross-system checks

2 weeks

TOTAL HWC

10* 2 weeks

4 weeks delay

Installation 6-7

Transport disruption

Can swallow 2 weeks

Interconnect disruption

Radiation classification

50 - 75 kCHF

assume 50 workers

TOTAL INSTALLATION

50 - 75 kCHF

Cryogenics

Already cool from HWC

Electrical Power

60

Helium

0

Liquid Nitrogen

0

Operators

53

Maintenance

21

MAX TOTAL

150

Depending..

TOTAL CRYO

~150 kCHF

Vacuum

Planning point 7

nil

2 man weeks

Installation point 7

15 kCHF

2-3 man weeks

Capital cost recoverable

TOTAL VACUUM

15 kCHF

10 kCHF


12. Conclusions

The LHC injection test plans to take low intensity beam though the injection region right of IP8, through sector 7-8 to a dump right of IP7. The test will last 2 weeks and take place in May 2006.

Strong motivations for the test have been presented.

The low intensities imply a low level of activation but comprehensive simulations and measurements have been performed and the necessary precautions are foreseen. LHCb will remain an area not requiring personal dosimeters after the test. Simple Controlled areas after the test have to be anticipated.

The planning of the HWC needs to fully incorporate the test and, as now foreseen, the fact that the test will immediately follow the commissioning of 7-8 and 8-1 will greatly ease logistics and cost.
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15. Appendix A: required circuits

	Circuit Name
	Description 
	Needed

	RQ5.R8
	Q5 quadrupole
	Yes

	RQ4.R8
	Q4 quadrupole
	Yes

	RD2.R8
	D2 recombination dipole
	Yes

	RCBYVS5.R8B2
	Vertical corrector
	Yes

	RCBYVS4.R8B2
	Vertical corrector
	Yes

	RCBYV4.R8B2
	Vertical corrector
	Yes

	RCBYHS5.R8B2
	Horizontal corrector
	Yes

	RCBYHS4.R8B2
	Horizontal corrector
	Yes

	RCBYH5.R8B2
	Horizontal corrector
	Yes


Table x: Required magnet circuits – matching region right of IP8
	Circuit Name 
	Type
	Needed?

	RCBXH1.R8
	Horizontal corrector
	Yes

	RCBXH2.R8
	Horizontal corrector
	Yes

	RCBXH3.R8
	Horizontal corrector
	Yes

	RCBXV1.R8
	Vertical corrector
	Yes

	RCBXV2.R8
	Vertical corrector
	Yes

	RCBXV3.R8
	Vertical corrector
	Yes

	RCOSX3.R8
	Skew Octupole Corrector
	No

	RCOX3.R8
	Octupole Corrector
	No

	RCSSX3.R8
	Skew Sextupole corrector
	No

	RCSX3.R8
	Sextupole corrector
	No

	RCTX3.R8
	Dodecapole Corrector
	No

	RD1.R8
	Recombination dipole
	Yes

	RQSX3.R8
	Skew Quadrupole Corrector 
	Yes

	RQX.R8
	Inner Triplet (Q1,Q2,Q3 in series)
	Yes


Table x: Required magnet circuits  - inner triplet right of IP8, similarly for inner triplet left of IP8

	Circuit 
	Description
	State

	RBLWH.R8.SR8
	LHCb dipole
	OFF

	RBXWH.L8.SR8
	Compensator
	OFF

	RBXWSH.L8.SR8
	Compensator
	OFF

	RBXWSH.R8.SR
	Compensator
	OFF


Table x: Required magnet circuits  - inner triplet right of IP8

	Circuit Name
	Description

	RCBYH4.L8B2
	Horizontal corrector

	RCBYHS4.L8B2
	Horizontal corrector

	RCBYHS5.L8B2
	Horizontal corrector

	RCBYV5.L8B2
	Vertical corrector

	RCBYVS4.L8B2
	Vertical corrector

	RCBYVS5.L8B2
	Vertical corrector

	RD2.L8
	D2 Recombination dipole

	RQ4.L8
	Q4

	RQ5.L8
	Q5


Table x: Required circuits: matching L8

	Circuit Name
	Description

	RQ6.L8
	Quad

	RQ7.L8
	Quad

	RQ8.L8
	Quad

	RQ9.L8
	Quad

	RQ10.L8
	Quad

	RQTL11.L8B2
	Quad

	RQT12.L8B2
	Quad

	RQT13.L8B2
	Quad

	RCBCV9.L8B2
	Corrector

	RCBCH10.L8B2
	Corrector

	RCBCH8.L8B2
	Corrector

	RCBCV7.L8B2
	Corrector

	RCBCH6.L8B2
	Corrector


Table x: Required magnet circuits: DS L8

	Class
	Circuit Name

	Trim quads D
	RQTD.A78B2.UA83

	Trim quads F
	RQTF.A78B2.UA83

	Sextupoles D1
	RSD1.A78B2.UA83

	Sextupoles D2
	RSD2.A78B2.UA83

	Sextupoles F1
	RSF1.A78B2.UA83

	Sextupoles F2
	RSF2.A78B2.UA83

	Skew sextupoles 
	RSS.A78B2.RR77

	Main quads D
	RQD.A78.UA83

	Main quads F
	RQF.A78.UA83

	Skew quads 
	RQS.A78B2.RR77

	Main bends 
	RB.A78.UA83

	Lattice octupoles D
	ROD.A78B2.RR77

	Lattice octupoles F
	ROF.A78B2.RR77

	b3 spool
	RCS.A78B2.UA83

	Octupole spool
	RCO.A78B2.UA83

	Decapole spool
	RCD.A78B2.UA83


Table x: Required magnet circuits  - inner triplet right of IP8

	Circuit Name
	Description

	RQT13.R7B2
	Quad

	RQT12.R7B2
	Quad

	RQTL11.R7B2
	Quad

	RQTL9.R7B2
	Quad

	RQTL10.R7B2
	Quad

	RQTL8.R7B2
	Quad

	RQTL7.R7B2
	Quad

	RQ6.R7B2 
	Quad

	RCBCH10.R7B2
	Corrector

	RCBCV9.R7B2
	Corrector

	RCBCH8.R7B2
	Corrector

	RCBCV7.R7B2
	Corrector

	RCBCH6.R7B2 [
	Corrector


Table y: required circuits right of IP7
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