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Introduction

After the qualification for operation of the individual systems of a sector, validation and specific studies of all the equipment as a whole will be carried-out in the context of the machine protection system (MPS) commissioning.

1. Scope

1.1 What is covered in this document

This document covers the tests which will be carried out to condition and validate for operation all the components of the vacuum system in relation to the machine protection system for LHC beam 1 and 2. The area concerned by these tests is the whole LHC ring and the beam dump lines TD62 and TD68. The equipment concerned is the vacuum system, the beam interlock system, the LHC beam dump system, electron stoppers at Pt 4, safety stoppers at Pt 3, and the software monitoring and data logging.

1.2 What is Not covered in this document

The vacuum system of the TI2 and TI8 injection lines are assumed to already be commissioned, and so are not included in this document. The transition between the injection lines and the LHC ring is specified as valve ?? for TI2 and valve ?? for TI8. Likewise, the injection line beam stoppers (TEDs and TBSEs [1]) are not covered in this document

The commissioning of interlock signals generated in other systems, but based on vacuum gauge readings, are not considered in this procedure. However the validating of the signals provided by the vacuum system to these other systems are covered in this procedure, thereby giving valid entry conditions to for the interlock testing of these other systems.

2. Purpose

This document is meant to be the reference document for the checklist which will be used during the commissioning of the MPS. Results of the tests will be documented in the MTF database.

 Specifically, this document: 
1. Gives a comprehensive list of the components which have to be validated in terms of machine protection, functionality and interface. These objects include sector valves, beam stoppers, BIC, and vacuum gauges. 

2. Describes in detail the procedures to be applied to these components, both for components in order to validate the system for both commissioning and regular maintenance. 

3. Lays out the correct operational sequence for these validation tests. 
For each entry in this procedures list a repetition level is given, which specifies the frequency of validation test needed to assure functionality of the component within its embedded system. This repetition level is defined as per Table 1.

Table 1: Repetition levels for validation tests

	N
	Not to be repeated

	S
	To be repeated after every Shutdown

	P
	Periodical repetition required, like 1 x per month; details to be defined in text 

	O
	To be repeated when LHC optics is changed

	X
	To be repeated when crossing scheme is changed


3. The layout

The LHC vacuum system is comprised of 4 sub-systems: namely the two independent beam pipes, the isolation vacuum in the cryostat and the cryo-line. For each of the four systems, the vacuum related components relevant to this document are:

	Component
	Beampipe 1
	Beampipe 2
	Isolation vacuum in cryostat
	Cryoline
	Total

	sector valves for the beam vacuum
	
	
	
	
	300

	Electron stoppers
	2
	2
	
	
	4

	Safety stoppers
	
	
	
	
	

	Gauges
	
	
	
	
	800

	Fixed pumping stations
	
	
	
	
	200

	Mobile pumping stations
	
	
	
	
	150

	Ionic pumps
	
	
	
	
	1300

	PLCs
	
	
	
	
	300


A schematic layout of the Beam vacuum system for LSS1L is shown in Fig. 1, while a full schematic layout is given in the Appendix 1 [2]. From this schematic we see that the LHC ring vacuum system is divided in to 16 half-sectors. With this layout, it should be noted that there is no sector valve within the continuous cryostat between Q7R and Q7L: the octant arc is only one vacuum sector.  

It should also be noted that for the two LHC beam dump lines there are two vacuum valves which must also need to be tested. These valves are: VVGSH.682980.B1, VVGSH.683178.B1, VVGSH.622980.B2, VVGSH.623178.B2.


[image: image1]
Figure 1: Schematic of the sector valves positions in the half-sector layout of  LSS1L.
4. Tests performed during the hardware commissioning
This section describes the validation tests to be preformed during the component and system hardware commissioning period that are relevant to programme of both the vacuum system and the machine protection system. 
4.1 Individual vacuum system tests
An independent test of the of each sector valve will be made by AT/VAC, and will confirm the reproducible functionality of each sector valve. Due to the large number of sector valves these tests will be grouped by half-sector in the ring and by the beam dump lines TD62 and TD68 for the beam dump. The closure of a sector valves takes about 3 seconds.
4.1.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installation of the vacuum valves is completed in one half-sector

· The BEAM_INFO signal from the BIS is bypassed, and simulated when necessary.

4.1.2 Conditions during the tests
· Confirmation of valve closure. This visual check is needed in situ and the closure of the valve can only be done locally.

· Confirmation of the front end state reporting  of the valve state

· Confirmation of the  pressure monitoring by the vacuum gauges

· Conformation of that the vacuum front end can detect a change in the BEAM_INFO flag.

4.1.3 Description of the tests

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	For each individual sector valve in the sector check the closure. [Details]
	AT/VAC

	2
	S
	For each individual sector valve check that the User_Permit is changed by the movement of a sector valve
	AT/VAC

	3
	S
	For each “group” of gauges check that the User_Permit is changed by pressure over threshold of 3 out of 4 or 2 out of 3 gauges
	AT/VAC

	4
	S
	A change in User_Permit generated  by a sector valve or  group of sector valves is transmitted to the BIS
	AT/VAC

	5
	S
	Once BEAM_INFO flag is changed to FALSE, the vacuum system from end can see this change.
	AT/VAC

	6
	S
	Confirmation of the monitoring and logging and display of the sector valve status 
	AT/VAC?

	7
	S
	Confirmation that the vacuum valve can be controlled  and reset via a standard software interface [3] 
	AT/VAC


4.1.4 Exit Conditions after tests

After these tests, the exit condition for this section of commissioning is that the front end system and the logic of the vacuum system interlocks has been checked and the system is ready to be tested in conjunction with other systems. In particular the system is now ready for testing with the beam interlock system. 

4.2 Electron Stoppers

Modified sector valves recuperated from LEP are installed at each end of the RF zone as electron stoppers and will be used instead of sector valves as a means to catch emitted electrons during the commissioning of the RF cavities [1]. 

These electron stoppers will be part of the vacuum of the long straight sections, and will close the beam aperture when in the “CLOSE” position. Therefore, in order to avoid any interaction of the proton beam with the stoppers, their position must be interlocked with the main beam interlock; Beam is only permitted when all electron stoppers are in the “OPEN” position. 

When conditioning RF cavities ALL beam stoppers are to be in the “CLOSE” position and ALL sector valves around the cavities are in the “OPEN” position.  REF Electron_stoppers 
4.2.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installation of the electron stoppers and vacuum valves in the section around the RF cavities.

· The electron stoppers are in the sector valve chain.
· The BEAM_INFO signal from the BIS is bypassed, and simulated when necessary.

4.2.2 Description of the tests
The “OPEN/CLOSE” switches of the electron stoppers, identical to the one of the sector valves will be connected in series with the sector valves. Electron stoppers in a “CLOSE” position as well as sector valves will break the chain and send hardware interlock i.e. a VETO to the beam injection chain. 

To  avoid that any RF conditioning can start without being in the proper stopper/valve configuration, a  special “Conditioning Mode” is to be set. This requires sector valves on the cavities in the “OPEN” position and ALL stoppers in the “CLOSE” position, and must be validated. 

The tests on the electron stoppers are: 

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation of closure for each individual electron stopper. 
	AT/VAC

	2
	S
	Confirmation that the vacuum USER_PERMIT is correctly set on the basis of the OPEN/Close state of the electron stoppers. 
	AT/VAC?

	3
	S
	Confirmation that setting of the RF Conditioning Mode ensures the correct electron stopper and sector valve configuration.
	AT/VAC?

	4
	S
	Confirmation of the reporting and logging of interlocks due to the electron stopper system. 
	AT/VAC?


4.2.3 Exit Conditions from the tests

On completion of the tests in sections 5.2 the setting of the electron stoppers and their interlocks will have been commissioned.
4.3 Safety Stoppers

4.3.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installation of the safety stoppers.

· The safety stoppers are in the sector valve chain.
· The BEAM_INFO signal from the BIS is bypassed, and simulated when necessary.

4.3.2 Description of the tests
The tests on the safety stoppers are: 

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation of closure for each individual safety stopper. 
	AT/VAC

	2
	S
	Confirmation that the vacuum USER_PERMIT is correctly set on the basis of the OPEN/Close state of the safety stoppers. 
	AT/VAC?

	3
	S
	Confirmation of the reporting and logging of interlocks due to the safety stopper system. 
	AT/VAC?


4.3.3 Exit Conditions from the tests

On completion of the tests in sections 5.3 the setting of the safety stoppers and their interlocks will have been commissioned.
5. Link to other equipement
The interfaces listed in this paragraph concern only the ones in relation with the Machine Protection System; it does not describe any procedures to test the interfaces to protect individual equipment but only summarise the logic applied in the design. 

No details of tests are described in this section. Reference to tests, described for the equipment being linked to, is made when required.

5.1 IntErfaceS with the Beam Interlock system
5.1.1 SIGNALS between vacuum SYSTEM and Beam INTERLOCK SYSTEM

The signals needed to test the vacuum interlocks and the interface to the beam interlock system are supplied by a vacuum valve simulator developed by the vacuum group. Installation the vacuum valve is not an entry condition for these interface tests.

The interlock signals that are to be tested are:

· Interlock signals per half sector: The vacuum system produces an interlock based on readings from sector valves in the half sector. The generation of this interlock signal (vacuum USER_PERMIT set to FALSE) has been commissioned in the tests of section 5, and so what is tested here is the interface of these signals to the BICs. A vacuum interlock signal for each beam is to the BIC associated with that half octant, and there are 12 [check if it is 12 or 16] vacuum USER_PERMIT lines for each beam going to the 12  BICs positioned around the LHC ring. The BIC layout can be found in [5]

· Interlock signals per intersection region valves: In the insertion regions the vacuum system makes no distinction between beam 1 and beam 2, so for each intersection region there is only one interlock signal generated from the intersection regions valves, and these 8 intersection region interlocks are connected to the BIC associated with the intersection region. [ please explain why it was listed as 6 signals]

· Interlock signals per dump line: The sector valves in each dump line are interlocked in the same way as the ring valves.
5.1.2 Necessary Condition for closing a sector Valve
The “BEAM_INFO” signal given by the BIS must be set at “FALSE” before a sector valve can be closed. This ensures that no beam is present. The setting of the BEAM_INFO to false must be tested as it a necessary (but not sufficient) condition for closing sector valves.

5.1.3 Conditions and sequence for a beam dump
The vacuum User_Permit signal is set to “TRUE” if all the sector valves are open. The “OPEN” status is given by contact of a single hardware switch and the signal is divided for redundant transmission to the BIS. 

The vacuum system User_Permit signal is changed to “FALSE” in case of: 
· A valve is closing or moving (status = NOT OPEN). 

· A sector valve status of NOT_OPEN latches the User_Permit to false. 

· Sector pressure above threshold

· If the pressure readings from a majority of gauges in the sector are over threshold, the User_Permit is latched to false. The threshold on the pressure readings is set at 10-11 mbar. 

If one of the two previous conditions is fulfilled, the vacuum system changes its User_Permit from “TRUE” to “FALSE”, and the BIS changes the Beam_Permit from “TRUE” to “FALSE” to initiate the beam extraction by the beam dump system.

Once the beam has been extracted, the BIS then changes the Beam_Info signal from “TRUE” to FALSE”, which is a necessary condition for the vacuum valves to be closed. However, to initiate a closure of the valve manual action from operations/vacuum system expert is also required.


[image: image2]
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Figure 2: Sequence for a beam dump request from the vacuum interlock.
5.1.4 Reset Conditions and sequence after the Vacuum System User_permit is to FALSE
Once the BEAM_INFO has een set to FALSE and the vacuum valves are closed, any procedure to reopen the valves must be initiated by operations, and so the procedure is not considered part of the machine protection system procedure. Details of the procedure for opening the vacuum vales can be found  in  [5]
5.1.5 Entry Conditions required to perform tests

To perform these tests the following entry conditions are required:

· The VME Beam Interlock Controllers must be installed in the tested octant. 

· Tested, verified software is needed for the BIC. Details of the test procedures for the BIC can be found in [4].
5.1.6 Description of the tests
As the handling of the vacuum USER_PERMIT and the setting of the BEAM_INFO is done within the BIS, the commissioning of the signal handling is done as part of the BIS commissioning. 

The tests required by the vacuum system are: 

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation that the vacuum USER_PERMIT is correctly sent from the vacuum system to the BIC 
	AT/VAC

	2
	S
	Confirmation that a change of the BEAM_INFO flag is correctly received by the vacuum system from the BIS
	AT/VAC

	3
	S
	Confirmation that the setting of the vacuum USER_PERMIT to FALSE in a given sector results in the vacuum systems in all sectors receiving a change of state of the BEAM_INFO flag from TRUE to FALSE.
	AT/VAC

	4
	S
	Confirmation of the reporting and logging of interlocks due to the vacuum system. 
	AT/VAC?


5.1.7 Exit Conditions from the tests

On completion of the tests in sections 5 and 6.1 the generation, initiation, and reporting of vacuum interlocks resulting from bad vacuum scenarios in the ring will have been commissioned.
5.2 interface with the rf system
The vacuum system provides two sets of two interlock signals based on monitoring of the RF. Each set is routed directly to the RF system in order to either stop the High voltage or stop the RF enable.

The first set of signals is taken from vacuum measurements on each of the cavities of an RF module. For each cavity, a vacuum pressure (analogue signal) and a vacuum gauge status (digital signal) is supplied to by the vacuum system, and the RF group and an RF interlock can be generated on the basis of either of these signals

The second set of signals for an RF module generated by the vacuum group from a Penning Gauge located on the beam pipe the front of the RF module. A digitised gauge reading (digital signal) is supplied by the vacuum group and is used by the RF group for RF interlocks.

In both cases there is no return signal from the RF to the vacuum system, so that for commissioning tests, only the assertion and transmission of these vacuum signals and their monitoring and logging needs to be validated. All interlocks based on these signals are generated via the RF system, and so must be incorporated in the RF machine protection system procedure [6].

5.2.1 Post commissioning scenarios related to the RF
For nominal intensity, the beam becomes unstable if one cavity is off, so it is foreseen to have a hardware interlock to dump the beam. The exact conditions of triggering the beam dump have still to be defined based on first year experience with beam. 

However, it is important to note that at low intensity, the beam can stand the loss of one cavity and a beam dump is not necessary. Therefore, no beam dump request related to the loss of good RF vacuum status [on a single cavity] will be implemented for LHC commissioning. For loss of good vacuum status on multiple RF cavities an interlock will be generated. Once the intensities are foreseen to be above a threshold (as specified by the RF group), the protection against loss of good RF vacuum status on a single cavity will be reinstated. Details of this interlocking are to be specified in [6]. 

5.2.2 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installed and validated vacuum gauges in the completed section
5.2.3 Description of the tests

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation of the  pressure monitoring by the vacuum gauges
	AT/VAC

	2
	S
	Confirmation of the digitised front end state reporting of the power supply associated with the gauge.
	AT/VAC

	3
	S
	Conformation of the reception of the vacuum signals by the RF system
	AT/VAC

	4
	S
	Confirmation of the monitoring and logging of display digital and analogue signals 
	AT/VAC?


5.2.4 Exit Conditions after tests

After these tests, the exit condition is that the vacuum system signals sent to the RF are commissioned, and can be taken as validated entry conditions for RF interlock commissioning.
5.3 interface With the MKI
Similarly to the vacuum gauges for the RF cavities, the vacuum system is provides two interlock signals, one digital and one analogue, directly to the MKI system. The digital signal is used to stop the High voltage, while the analogue signal is used to stop the pulse enable. Both signals are to be used to assert an inhibit on the injection permit. 

When the injection permit is inhibited due to the vacuum system interlocks from the MKI, the two beam pipes are considered linked from the point of view of the vacuum: the 4 sectors valves around each MKI are closed in case of a vacuum leak. [Is this process automatic?]

5.3.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installed and validated vacuum gauges in the MKI system
5.3.2 Description of the tests

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation of the  pressure monitoring by the vacuum gauges
	AT/VAC

	2
	S
	Confirmation of the digitised front end state reporting of the power supply associated with the gauge.
	AT/VAC

	3
	S
	Conformation of the reception of the vacuum signals by the MKI system
	AT/VAC

	4
	s
	Confirmation that an over threshold reading on the vacuum gauge that is sent to the MKI interlock system correctly initiates a safe closing of the vacuum valves around the MKI
	?

	5
	S
	Confirmation of the monitoring and logging of display digital and analogue signals 
	AT/VAC?


5.3.3 Exit Conditions after tests

After these tests, the exit condition is that the vacuum system signals sent to the MKI are commissioned, and can be taken as validated entry conditions for MKI interlock commissioning.

5.4 interface with the MKB

There is an interlock from the vacuum system to stop the kickers in case of pressure over a threshold [IN THE RING?] and a beam dump request is sent directly to the LBDS. This is an internal interlock to the LBDS system which will be tested at the level of the individual equipment tests [7]. (to be confirmed by Etienne Carlier) [how is it reported to CCC]

5.4.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installed and validated vacuum gauges in the completed section
5.4.2 Description of the tests

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation of the  pressure monitoring by the vacuum gauges
	AT/VAC

	2
	S
	Confirmation of the digitised front end state reporting of the power supply associated with the gauge.
	AT/VAC

	3
	S
	Conformation of the reception of the vacuum signals by the MKB
	AT/VAC

	4
	S
	Confirmation of the monitoring and logging of display digital and analogue signals 
	AT/VAC?


5.4.3 Exit Conditions after tests

After these tests, the exit condition is that the vacuum system signals sent to the MKB are commissioned, and can be taken as validated entry conditions for MKB interlock commissioning.
5.5 interface with the MSD
There is no in put from the vacuum system to the MKD

5.6 interface with the access system
The beam stoppers are seen as sector valves by the vacuum system and their front end commissioning has been covered in section 5.3. The interface of these stoppers ito the access system is now addressed, but for details of the commissioning of the access system interlocks refer to the access system MPS commissioning procedures [8].
5.6.1 Entry Conditions required to perform tests

The entry conditions for these tests are:

· Installed and validated safety beam stoppers in the completed section.

· Simulated signals for normal and forced access of the access system
5.6.2 Description of the tests

	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation reception of access signal in case of normal or forced access 
	AT/VAC

	2
	S
	Confirmation that on receipt of the access signal the vacuum USER_PERMIT is set to FALSE for all vacuum valves?
	AT/VAC

	3
	S
	Conformation of that once the access request has initiated a dumping of the beams and the BIS returns a BEAM_INFO of FALSE toi the vacuum system, the closing of the safety stoppers is initiated.
	AT/VAC

	4
	S
	Confirmation of the monitoring and logging of the safety stopper status
	AT/VAC?


5.6.3 Exit Conditions after tests

After these tests, the exit condition is that the control of the safety stoppers by means of the access system interlocks is validated.
6. System tests during the machine checkout
After the Individual System Tests, described in the previous sections, have been successfully completed, the integral system should be tested from the CERN Control Centre (CCC), simulating as much as possible future operation with beam. 
6.1 Conditions required to perform tests

· Successful completion of the individual tests of the vacuum system sector by sector.

· Successful completion of the tests mentioned in the previous sections.
· Logging system available

· BIS operational

· LBDS operational

6.2 Description of the tests
The tests have to be performed for sets of 3 or 4 gauges and 3 sector valves per beam and per octant. They will also need to be tested for the four vacuum valves located in the two beam dump lines.

	
	
	Action
	Group(s) Responsible

	1
	S
	Test beam dump request of the correct beam triggered by pressure over threshold for each octant:
· generate interlock at the level of a sector valve by changing the interlock threshold for 2 out of 3 signals
· Measure the delay between detection of “vacuum over threshold” and the beam dump request
· Measure the delay between the beam dump request and detection of status “NOT OPEN” of the sector valve
	AB/CO

AB/BT

AT/VAC

	2
	S
	Test the beam dump request of the correct beam triggered by the closure of a sector valve for each octant:

· Generate interlock by closing a sector valve
· Measure the delay between detection of  satatus “NOT OPEN” and the beam dump request
	AB/CO

AB/BT

AT/VAC

	3
	S
	Confirmation of the interlocking due to safety stoppers in case of forced access and other interlocks related to the access system
	?


6.3 Status of the system after the system tests

After these tests, the machine protection aspects of the vacuum system have been validated for an arbitrary chosen element for each octant.

7. Tests with beam.

There is no requirement to perform tests with beam.

The test to send a low intensity beam on a vacuum valve and ‘calibrate’ the BLM signals can be part of an MD. It will not be a test required to operate with beam above a certain intensity. [ may also need to consider  stopper]
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9. Appendix

9.1 Schematic Layout of the LHC vaccum system
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