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Introduction

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

The tests have been split into those without beam to be carried out essentially during the machine checkout and those to be carried out with beam during the different phases of the commissioning.
1. Scope

This document covers the tests which will be carried out from the CCC to condition and validate for operation all the components of the Beam Dump 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 TD 68. The main equipment subsystems concerned are the extraction and dilution kickers, the protection devices, the beam dump block, the beam instrumentation, the energy tracking and the interfaces with other LHC systems. The area concerned by these tests is mainly in point 6 for each of the two LHC beams, but some measurements elsewhere in the LHC ring are required.

The tests described in detail here include the machine checkout and tests with beam, as the requirements for the hardware commissioning and the reliability run have been described in detail elsewhere [1-3].
2. Purpose

This document 

1. gives a comprehensive list of the components which will be the object of the tests. 

2. describes in detail the procedures which will be applied for these tests and their sequence.
3. defines the criteria for acceptance of a given test.

Each test has in front one of the following letters, Table 1, defining at which interval or at which occasion the described test needs to be repeated (in the column labelled Repetition):

	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

	R
	To be repeated when a relevant element is repaired


This document is meant to be the reference document for the checklist which will be used during the beam commissioning of the MPS. Results of the tests will be documented in the MTF database.
3. The LBDS system
The main components of the LHC beam dumping system comprises (per beam) 15 MKD extraction kicker magnets, 15 MSD Lambertson septum magnets, 4 horizontal and 6 vertical MKBH/V dilution kickers and the external TDE dump block which is kept at a slight overpressure of N2. The lattice quadrupole Q4 also contributes to the deflection required to extract the beam. There is a vacuum system for the two beam lines, with an entrance window VDWB before the TDE. The fixed TCDS diluter and mobile TCDQ and TCS collimators protect the MSD and LHC machine against unsynchronised dumps. 

A slow control supervisory system SCSS controls the kicker installations and a fast analogue acquisition System FAAS is used to acquire transient kicker signals. The MKD and MKB kickers are triggered from the Beam Interlock system BIS via the Triggering and Synchronisation system TCS. In addition there is a beam energy tracking system (BETS) common to both beams.
Dedicated instrumentation for beam steering and diagnostics comprises (per beam) 3 BTV beam screens, 3 BPM beam position monitors, 2 beam current transformers BCT and 32 beam loss monitors BLM. For interlocking (per beam) 2 pairs of dedicated beam position monitors BPMD and a Fast Magnet Current Monitor FMCM for the MSD magnet are connected to the Beam Interlock System BIS. There is also an abort gap monitor.

3.1 Correct beam dump operation

The correct operation of the beam dump relies on the functioning of many subsystems, some of which are failsafe and some of which are redundant. The main requirements for a successful beam extraction are:
1. interlock interrupts the BIS 10 MHz which is detected by LBDS interface;
2. beam orbit is in tolerance in IR6;
3. energy tracking working for kicker charging voltage levels;
4. RF revolution frequency signal correct for abort gap synchronisation;
5. trigger and Synchronisation Unit in LBDS gives power trigger fan-out;
6. all 15 MKD and 10 MKB are correctly triggered;
7. all magnetic fields on to correct value at end of abort gap (MKD MKB, MSD and Q4);
8. beam extracted and swept onto TDE block;
9. no quench in Q4 or other IR6 magnets (low losses from transverse beam tails at TCDS, MSD, TD line, and low losses from swept beam in abort gap at TCDQ, Q4);
10. IPOC and XPOC analyses correctly executed and return “TRUE” values.
4. Links to other equipement
The LBDS interfaces directly with several other LHC systems, shown in yellow in Fig.1:

· BIS beam interlock system via the TSU and the local BIC CIBU;

· DCCTs in 4 of the LHC arcs for the BETS;

· RF system, for the abort gap synchronisation;

· collimator high-level control system, for movement of the TCDQ;

· injection kicker system, for the abort gap watchdog and to allow the dump to be armed;

· injection interlock system, for dump arming;
· IR6 direct BLMs, to trigger the dump independently of the BIS; 

· access system LAS, to dump the beam independently of the BIS;

· LSA control system (loading functions, read back, XPOC, alarms, MCS).
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Figure 1. LBDS functional dependencies, including connections between the LBDS elements and other LHC systems (yellow).

4.1 beam interlock system interfaces
· Beam Permit Loop monitoring: to trigger the beam dump action if the beam permit is read as FALSE, via a dedicated module which monitors the 10 MHz beam permit signal on the optical fibre loops and generates a trigger if either is false;

· User Permit setting: to set the beam permit TRUE/FALSE depending on the state of the LBDS, via the standard interface box (CIBU) to the BIC. 
4.2 Direct triggers to TSU 

· Direct BLM trigger: to provide a redundant trigger pathway which does not pass via the main BLM system or the BIS a direct trigger input is present from the local BLM system at TCDQ. The IR6BLM system will have a hardware-fixed threshold and integration time, and the acquisition and triggering will be an input to the triggering card in the VME crate of the LBDS TSU;

· Direct trigger from Access system: to provide a redundant channel which does not pass via the BIS in case the access chain is broken, the status of the overall LHC access chain is monitored via a redundant status cable, with the LBDS also sending the measured value back to the access system. An additional signal from the access system is generated when there is local access in point 6, to enable a full validation of the system to be forced at the subsequent restart.
· Direct local trigger: to be able to run the system in the local test mode, independent of the rest of the LHC machine. In this mode the system forces the USER PERMIT false, such that no beam can be injected into the LHC while the dump is in local mode.
· Inject and dump card: the inject and dump card provides a direct trigger to the TSU – in this mode a dump is triggered by the injection prepulse plus a user-selected delay.
4.3 Inputs from other external systems
· Abort gap synchronisation: the revolution frequency signal from the RF system (fast timing) is used by the TSU to synchronise the MKD and MKB kickers to the abort gap. The signal is distributed over dedicated redundant fibre optic links between IP4 and IP6;
· Current measurements from DCCTs for BETS: the currents of the main LHC dipoles are required from four octants for generating and checking the LHC energy in the BETS. The signals are encoded by special BEA cards in the power convertor control crates, and then transmitted over dedicated fibre optics links from the arcs concerned.
· Monitoring of local mains and UPS power supply: the mains and UPS voltages are continuously monitored by separate modules in the SCSS PLC, to generate a synchronised beam dump if either power supply fails;

· Monitoring of local emergency stop system: the switch status is monitored by the SCSS via a current loop, to generate a beam dump if the emergency stop is activated. A redundant monitoring of the emergency stop switch is made using an ASIbus;
· Vacuum pressure from MKBs: the MKB vacuum pressure provokes a beam dump if the digital signal is closed, or if the analog signal is outside the range 1e-5 to 1e-7 mbar. This is to protect the kickers from breakdown.

· Interlock on integrated orbit corrector strength: If the integrated corrector strength execeeds 

4.4 LBDS speciific Interlocks to the BIS

· Interlock on integrated orbit corrector strength: If the integrated corrector strength exceeds a field corresponding to an energy error of ( 0.2 %, a software interlock is generated.
· Interlock on the RF-frequencey: If the RF frequency change corresponds to a beam energy change of more than ( 0.2 %, this means (f > 240 Hz, an interlock request to the BIS is generated.

4.5 Outputs to other external systems
· Energy to SLP: The LHC Energy signals from the BETS are calculated from the measured DCCT currents and distributed to the Safe LHC Parameters SLP distribution system over 4 fibre-optic links; 

· Abort gap keeper signal: A re-phased RF revolution frequency signal with 3 s length for each beam is sent for abort gap protection (abort gap watchdog) over the same link.

· Injection permit loop: An inhibit injection is also sent to the injection BICs via dedicated optical fibre links from IR6 to IR2 and IR8, to be able to inhibit the LHC injection while the beam dump is arming.
4.6 interfaces to the control system 

· Readback data: the standard LSA components (EquipState etc.) will be needed to readback equipment settings;
· Set and Trim: the Q4 and MSD functions will be trimmed in the standard appliactions;

· Loading TCDQ position functions: the standard collimator control application is used to load the TCDQ position functions, triggered by timing events;

· Critical settings: the MCS system must manage the TCDQ reference position funtions for generating interlocks, the TCDQ energy interlock function and also the reference functions for Q4 and the MSD septa. The MKD and MKB hardware settings are compared with settings in the LSA data base, which are also managed via MCS;

· XPOC and post-mortem: triggered data acquistion and archiving for XPOC data and for Post-Mortem data is used for beam dumped and post-mortem request timing events. The XPOC limits are managed in the LSA data base;
· Alarms: specific alarms will be forwarded by the equipment for different faults;
· Logging: data logging of some paramaters will be required;

· Timing: the timing system must generate a “Beam Dumped” event every time the MKD kickers are triggered, and must also provide events to move the TCDQ synchronously. In addition the different PM buffers are frozen by the PM events;

· Fixed displays: a display for each beam dump system will be required;

· Sequencer: the sequencer will manage the LBDS operational state and will request re-arming, cycling etc.;
· Software interlocking: the position of the beam at the TCDQ with respect to the TCDQ jaw must be surveyed by the SW interlocking system.

5. Acceptance tests  to be performed before first beam

5.1 MKD extraction and MKB DILUTION KICKERS
The strength and timing of the MKD and MKB systems cannot be remotely trimmed. The kickers will be thoroughly tested and calibrated during the HWC and reliability run. Final tests involve the signal and data acquisition and the MKD switch temperature effects. 

	#
	Action
	Description and criteria
	When

	1
	Check signal acquisition system (digitizer)
	Trigger dump with timing events and check signal of MKD and MKB waveform acquisitions from Pearson/ Rogowski pickups.

Check IPOC1, IPOC2 (MKD) and XPOC analysis.

To be repeated for at least five different beam energies. Results of the analysis logged.
	S,R

	2
	MKD generator temperature stability check
	Run the system for 6 hours at 7 TeV (or E_op_max) – then ramp down to 450 GeV using the operational functions with the sequencer and check that kicker switch HT divider results are still in tolerance.
Pulse immediately when being at 450 GeV settings, pulse and check that IPOC and XPOC checks are ok.
	S

	3
	MKD generator temperature interlock
	Change the interlock thresholds and check that a dump is correctly requested. Default temperature interlock value is 28 degrees.
	S


5.2 LINKS to injection systems

The LBDS has separate links for injection inhibit during arming (via the injection interlock system) and for the abort gap watchdog (via a private fibre link). These can be checked without beam.

	#
	Action
	Description and criteria
	When

	1
	Test injection inhibit during arming
	Set the machine in inject and dump mode. Check that the injection permit is not present for the 2 s after the LBDS arm request is sent. (How?)
	S,R

	2
	Test abort gap keeper
	Put the machine in inject and dump mode. Vary the injection delay and check that the injection is inhibited for 11 us out of the 89 us possible. 
	N


5.3 ARMING (sequencer) 

The user permit to the BIS moves to FALSE if the kicker system detects an internal fault and triggers an internal dump. The user permit moves to FALSE after a ‘normal’ beam dump (whatever the source) and remains FALSE if the IPOC analysis fails, requiring a reset of the IPOC to be able to re-arm the system.

The arming of the system therefore involves a 2 s period in which the LBDS user permit is forced to TRUE, while the BIS frequencies are sent out and latched TRUE. During this arming period the LBDS requests an injection inhibit via the dedicated link to the injection BICs. Acceptance tests must be made of the arming sequences, when the LBDS is connected to the full beam permit loop. 
	#
	Action
	Description and criteria
	When

	1
	Check local/remote modes
	Switch to LOCAL mode and check that USER_PERMIT is FALSE from LBDS, and that the BIS loop cannot be armed
	S,R

	2
	Check arming sequence with full beam permit loop
	Arm the LBDS and beam permit loops from the sequencer
	S,R

	3
	Test of arming dependencies on BIS
	Check that arming is not possible if one of the BIS loops is not armed.

Check that arming is not possible if the BIS is in test mode.
	N

	4
	Test of dependence on IPOC and XPOC
	Check that arming is not possible if the result of the last IPOC or XPOC is ‘false’. Acknowledge IPOC / XPOC false result and check that it is possible to arm the system.
	S, R


5.4 Timing (control system)
The timing system is used to trigger programmed dumps, to generate events to trigger PM and XPOC data acquisition, and to trigger movement of the TCDQ elements.

	#
	Action
	Description and criteria
	When

	1
	Test timing distribution for dumping and DAQ
	Send “Dump_B1/B2” events and check that correct LBDS is triggered, together with “B1/B2 dumped” event and “request PM” event.
	S,R

	2
	Test timing trigger for TCDQ movement
	Check of synchronised start of movement of TCDQ with TCSG, cleaning collimators and ring magnets
	S,R


5.5 LBDS Beam energy tracking system
The BETS connection to the 4 RB circuits, the MSD andQ4 can only be made just before the machine checkout proper. This means that a set of validation measurements must then be made by BT to check that the BETS is functioning correctly, with these machine elements ramping to the operational maximum settings.

	#
	Action
	Description and criteria
	When

	1
	Check equipment tables against LSA tables
	Use automatic procedure to check that MKD and MKB equipments settings agree with LSA tables.
Use automatic procedure to check that MKD, MKB, MSD and Q4 Beam Energy Interlock tables (BEI) agree with LSA tables.
Use automatic procedures to check that BEM tables which converts MB current to energy agrees with LSA table.
	S,R

	2
	Adjustment and check of BETS
	Requires final connection to 4 RB circuits and MSDs, Q4s in LSS6. 

Make energy ramp of the machine with real machine ramp functions. Check that no BEM energy interlock occurs from the MKD, MKB, MSD and Q4 systems.

Failure cases - check that dump triggers correctly for:

· one of the 4 RB sectors out of tolerance

· MSD current out of tolerance

· Q4 current out of tolerance
	S,R

	3
	Check of energy tracking table update
	Using the published procedure for updating energy tracking, make update of tables to new references.

Check that the procedure is valid

Update the values with non-valid numbers and check that the system cannot be armed.

Update with real values and check that these are correct.
	S,R

	4
	Check interlock on corrector settings in SIS
	Trim the beam energy by adjusting the corrector strengths until the interlock triggers. The interlock should trigger for  (E > 0.2 %, to be tested in both directions. 
	S,R


5.6 MSD and Q4 power converter surveillance

The currents of the MSD and Q4 power converters are surveyed by the FMCM and by the SIS. The following tests can be made without beam. The Q4 and MSD current functions should be ‘protected’ by checking their values during the recyclying of the machine, and by surveying them with the SIS system against a loose (1%) tolerance function table (energy dependant).

	#
	Action
	Description and criteria
	When

	1
	MSD FMCM threshold check with beam
	The current function of the power converter is trimmed: a steep downward step is programmed into the function: the step must be sufficiently large to trigger the FMCM and result in the USER_PERMIT switching to FALSE due to the step. The transition of the FMCM USER_PERMIT from TRUE to FALSE just after the current step is verified with the BIC history buffer. The current of the power converter is read out at 1 millisecond intervals and used together with the FMCM Post Mortem Data to evaluate the correctness of the FMCM thresholds (warning threshold and the actual beam dump threshold).
	S,R

	2
	Check of MSD/Q4 current function surveillance
	Before the machine is recycled the Q4 current function of the power converter is trimmed outside tolerance and the sequencer should not be able to arm the beam dump.  

Repeat for MSD.

On the flat bottom the Q4 current should be trimmed outside tolerance and the SIS should prvoke a beam dump.

Repeat for MSD.
	S,R


5.7 LBDS triggering and synchronisation
The triggering and synchronisation settings cannot be trimmed from the CCC but final checks are needed in the machine checkout, to ensure that the acquisition chains are all working and that the measured values are correct.

	#
	Action
	Description and criteria
	When

	1
	Measure Synchronisation 
	Trigger dump with timing events and check with IPOC/XPOC data that all MKDs are correctly synchronised between themselves

Check MKD and MKBs are correctly synchronised.
	S,R,R

	2
	Test connection to RF revolution frequency
	For B1 and B2, check that the LBDS triggers correctly if the RF signal is cut.
	S

	3
	Test RF frequency interlock
	Check that the LBDS triggers correctly if the RF signal frequency changes out of tolerance. Interlock should become active for (f > 240 Hz, to be tested in both positive and negative direction.
	

	4
	Test PLL locking with RF frequency ramp
	Ramp RF system and check PLL stays locked
	S

	5
	Test PLL locking with RF frequency trims
	Trim RF frequency (as for radial steering) and check PLL stays locked
	N


5.8 Connection to BIS
The connections between the LBDS and the BIS are extremely important for the overall machine protection system. The connection will be tested during the BIS commissioning – during the machine checkout a set of final acceptance tests are planned.
	#
	Action
	Description and criteria
	When

	1
	Toggle state of LHC Beam permit between TRUE and FALSE.
	Verify that LBS system triggers correctly. 

Check on BIC supervision application that the associated user input state follows as expected.

Compare the timestamps of the state transitions in the history buffers of the ring BIC and the dump. Make sure the timestamp difference does not exceed 130 us. 

Record the value of the timestamp difference.
	S,R

	2
	Check linked and unlinked dumps
	Link dumps via FESA, and trigger one dump via timing. Check both dumps trigger. Test other dump 

Unlink the dumps. Check they trigger independently.
	S,R

	3
	Check BIS test modes
	Switch B1 permit loop A into test mode and check that the LBDS triggers. Repeat for loop B and for the B2 loops
	S,R

	4
	Test BIS permit loop failures
	Check that the dump triggers correctly for simulated failures on the beam permit loop frequencies:
· Average frequency too high

· Average frequency too low

· Missing 1 (n?) pulses
	N


5.9 TCDQ system

The TCDQ system is controlled by the high level collimator control system, although the low-level HW is different. A set of final acceptance tests is needed to make sure that the movement functions are correctly set up and that the interlocking of the system works as designed.
	#
	Action
	Description and criteria
	When

	1
	Check synchronised TCDQ movement
	Check of synchronised movement of TCDQ/TCSG with cleaning collimators and energy ramp.

Check synchronisation in squeeze.
	S

	2
	Check TCDQ interlocking function
	Define the protect position for the TCDQ and TCS at the level of LSA settings. Send the settings to the Collimator control system. 

Move the TCDQ to its protect position. Verify that the BIC user input is TRUE. Move the TCDQ

around the reference position. Ensure that the user

input switched to FALSE outside tolerance window.

Record the tolerance window together with the test

conditions (reference protect settings).
	S

	3
	Check TCDQ energy interlocking function
	Ramp the LHC energy with a ‘flat’ interlock function loaded for the TCDQ energy interlock – check that the dump is triggered when the energy ramps.
	S

	4
	Power cut test
	Cut power to TCDQ rack: check interlock generated.
	N


5.10 Vacuum system

The vacuum system in the dump lines is interlocked as the remainder of the machine and will be tested accordingly. There are also dedicated inputs to the MKB control system to prevent the kickers pulsing in the dangerous pressure region above 10-4 mbar. This should be verified in the machine checkout.

	#
	Action
	Description and criteria
	When

	1
	Modify limits for vacuum interlock in TPG controller or disconnect cable from TPG controller
	Check that beam dump is generated when digital vacuum interlock is out of tolerance.
	S

	2
	Modify analogue vacuum interlock limit in MKB PLC controller
	Check that beam dump is generated when analogue vacuum interlock is out of tolerance
	S

	3
	Open/close each valve in the dump line
	Verify on BIC supervision application that the associated user input state follows as expected.

	S


5.11 Beam instrumentation

The beam instrumentation for the LBDS has an important role to play in the validation of the correct beam dump execution, via the XPOC. The instruments concerned will be commissioned and tested during the IST and HWC phases – for the machine checkout a verification is required of the acquisition chains and data logging.

The tests are to be repeated with beam – see Chapter 7.

	#
	Action
	Description and criteria
	When

	1
	Check BTVDD, BTVD and BTVSE acquisition
	Trigger beam dump and check that BTVDD acquires and that the data is correctly logged in SDDS, for B1 and B2.

Repeat for BTVD.

Repeat for BTVSE.
	S,R

	2
	Check BTVD and TVSE interlocking on movement
	Change the BTVD screen position and check that user permit moves to FALSE as the screen starts moving. (how to check if trigger is before?).
Repeat for BTVSE
	S,R

	3
	Check BTVD and TVSE movement inhibited with beam
	With beam permit loop closed try to move BTVD screen – should not be possible.
Repeat for BTVSE
	S

	4
	Check BTVD and TVSE interlocking on intensity
	Configure required LHC intensity and energy to be outside the limit for BTVDD (Ti always OK, Al2O3 interlock above 1e14 at 7 TeV). Check that SW interlock requests dump.

Repeat for BTVSE (Ti screen 5e13 at 7 TeV, Al2O3 3e13 at 450 GeV, 3e12 at 7 TeV).
	S,R

	5
	BTV calibration
	Check that the BTV screen acquisitions have been correctly calibrated in mm.
	S,R

	6
	Check BPMD acquisition
	Trigger beam dump and check that BPMD acquires XPOC data and that data is correctly logged
	S,R

	7
	Test interlock BPMs
	Vary the tolerances (bunch numbers and limits) and check that the user permit changes to FALSE when the tolerances are exceeded.
	S,R

	8 
	Check BLM acquisition
	Trigger beam dump and check that BLMs acquire and that data is correctly logged
	S,R

	9
	Check BCT acquisition
	Trigger beam dump and check that BCTs acquire and that data is correctly logged
	S,R


5.12 XPOC

The XPOC application must check that a dump is correctly executed, both from the kicker hardware and from the LBDS BI. The tests without beam will largely be made in the dry runs – in the machine checkout there will need to be some final acceptance tests of the XPOC server and failsafe behaviour.

	#
	Action
	Description and criteria
	When

	1
	Check XPOC server
	Stop XPOC process and check that it is restarted correctly (is this automatic?). 

If the process is stopped during arming check that the sequencer prevents the dump from arming.
	S

	2
	Perform dump request at different beam energies
	XPOC results for measured MKD and MKB waveforms need to be positive.
	S, R

	3
	Check of configuration and thresholds
	Check that configuration data is correctly modified when reading a different machine filling pattern.
	S

	4
	Check XPOC in inject and dump mode
	Put the machine into inject and dump mode and check that the XPOC rearms correctly after each injection, using the configuration setup for ‘no beam’. pilot bunch
	S


5.13 Critical settings

The MKD and MKB settings tables are defined as critical parameters even though they cannot be set, since in this way they are checked before each fill for consistency with the equipment tables. They may only be trimmed by authorized persons and with the appropriate RBAC role.
	#
	Action
	Description and criteria
	When

	1
	Role check
	Attempt to trim the critical MKD parameters with an incorrect role. Ensure that the trim attempt is rejected.
	S

	3.
	Trim limits
	Trim with appropriate role. Run the sequencer task to compare the settings with the equipment. The sequencer should return a fault. Trim back to original value, sequencer should pass without giving an error.
	S


5.14 LHC access system

The beam dump must be triggered when there is access in the LHC. There is a direct connection to the TSU which will be tested in the DSO tests.
	#
	Action
	Description and criteria
	When

	1
	Check connection to LAS
	With the LHC machine closed, check that a dump is triggered when the access system indicates that there is access.
	S


6. commissioning Tests with beam
The tests with beam will be specific to the LHC commissioning phases [4]. The details of each test are found in the appropriate LHC beam commissioning procedures page [5]. 

Note that many of these tests will need to be made each year at startup, to re-verify the operation of the system. Also a limited set of the tests will need to be made in the event of a change of a relevant component (kicker magnet or power supply).
6.1 Tests with pilot at injection energy

6.1.1 Orbit in beam dump region

The orbit should be well-adjusted in point 6 – a local orbit correction may be needed to centre the beam in the MSD septa. The orbit feedback is also needed to make sure the beam position relative to the TCDQ is kept fixed – if the feedback stops and the beam position is outside the interlock limits (in this phase set to the theoretical value of 3.6 mm) the SW interlock on this position must dump the beam.

	#
	Action
	Description and criteria
	When

	1
	Correct orbit in point 6
	Measure and correct orbit in point 6. A local correction may be needed – the corrected orbit will be used as a reference for the feedback and also for the SW interlocking for the beam position at the TCDQ
	S,O

	2
	Check behaviour when feedback switched off
	Check that the beam is correctly dumped (via the SW interlocking) when the orbit feedback stops working (observed by orbit at p6 BPMs). To do this the FB can be switched off and an orbit correction made in p6.
	S


6.1.2 extracted beam verification – Beam Instrumetation

These tests verify the correct function of the main hardware of the beam dumping system, based on the beam instrumentation in the extraction channel. If the position of the beam is not as expected, the extraction settings (MKD, MSD, MKB) will need to be modified, following the procedures for changing these settings. If the settings change significantly, the XPOC and IPOC limits will also need to be changed.
	#
	Action
	Description and criteria
	When

	1
	Synch BPM commissioning
	Commission special synch BPM signal for LBDS timing. Check that signal is received in p6 and is visible on OASIS.
	S,R

	2
	Check BTVDD, BTVD and BTVSE acquisition
	Trigger beam dump and check that BTVDD acquires the bunch position correctly, for B1 and B2.

Repeat for BTVD.

Repeat for BTVSE.
	S,R

	3
	Check BPMD acquisition
	Trigger beam dump and check that BPMD acquires XPOC data and that bunch position is correct
	S,R

	4 
	Check BLM acquisition
	Trigger beam dump and check that BLMs acquire and that losses are recorded when the beam is steered.
	S,R

	5
	Check BCT acquisition
	Trigger beam dump and check that BCTs acquire and that intensity is correct for both BCTs on both beams. Compare intensity with circulating beam intensity before dump.
	S,R

	6
	Test interlock BPMs
	Vary BPM thresholds (number of bunches, tolerances) until the measured values are out of tolerance. Check that the dump is triggered.
	S,R

	7
	Commission abort gap monitor
	Calibration of monitor with adjacent pilot bunches…?

Allow beam to debunch into abort gap and check that abort gap monitor gives correct readings. 
	S,O,R

	8
	Check MKD/B and MSD settings
	Check that the trajectory is well-centred with respect to the measured and expected aperture. The BPMSE, BTVSE, BPMD, BTVD and BTVDD can be used. The MKB kick and the bucket number of the bunch used must be taken into account for the positions measured on the downstream devices.

The MSD function can be trimmed via MCS (this HAS to be a critical setting). 

The MKD tables need updating locally in the UAs and updated in the LSA data base.

IPOC and XPOC references will also need updating if values are significantly chaned.

A procedure for the operational update should be available.
	S,O,R


6.1.3 TCDQ system, RF frequency and integrated orbit correctors 
The TCDQ system must be set up with beam and the protection functionality checked. The setting up of the protection device jaws must be made with beam, to measure beam size, centring and alignment. The interlock functionalities must be tested, and the protection setting up as a whole must be checked with low intensity beam.
	#
	Action
	Description and criteria
	When

	1
	Check SW interlocks on beam position wrt TCDQ position
	Modify SW interlock thresholds and check that a beam dump is triggered.

Steer beam at TCDQ out of tolerance and check dump is triggered.

Move TCDQ jaw out of tolerance and check interlock is triggered.
	S,R

	2
	Set up the TCDQ/ TCS jaws with beam
	Find the beam centre with the TCS jaws and record in the LSA DB (application?).
Measure the beam size with the jaws and record in the LSA DB 

Adjust the jaw tilts with respect to the beam and record in LSA DB.

Repeat for TCDQ jaw

Set TCS and TCDQ to nominal protect settings
	S,O

	3
	Check of TCDQ system protection 
	With pilot bunch switch off RF and allow beam to become unbunched and fills at least partially the abort gap. Check with BSRA.

Trigger the beam dump and check that no losses occur around the ring, especially at the TCT and triplet apertures.
	S,O

	4
	Calibration of beam loss signal and protons lost at TCDQ
	With the TCS and TCDQ in place the beam should be steered until it is completely lost on the TCDQ – the beam loss signal recorded should be scaled by the protons in the beam to give a calibration for the losses at the TCDQ.

This should be repeated with the TCS withdrawn to give a calibration factor for beam in the abort gap.
	S,O

	5
	Check interlock on RF frequency for beam energy 
	At 450 GeV with a pilot trim the beam energy by adjusting the RF frequency by (f > 240 Hz when the interlock should trigger. 
	S,R

	6
	Check interlock on corrector settings in SIS
	At 450 GeV with a pilot trim the beam energy by adjusting the corrector strengths corresponding to an energy error of ( 0.2 % above which the interlock should trigger.
	S,R


6.1.4 XPOC

The XPOC tests with beam will be required to initially validate the XPOC with pilot bunch and then to check that the configuration and threshold are all correct when the beam conditions change.

	#
	Action
	Description and criteria
	When

	1
	Check XPOC in inject and dump mode
	Put the machine into inject and dump mode and check that the XPOC rearms correctly after each injection, using the configuration setup for ‘pilot bunch’
	S

	2
	Adjustment of XPOC configuration and thresholds with extracted beam
	Check that XPOC configuration and thresholds are correct with every change of beam conditions (number of bunches, filling pattern, intensity, top energy). 

Configurations to change are filling pattern and bunch intensity.

Thresholds to check are BLM loss limits, BTVDD trace limits, BPMD limits, BCT limits.
	S,O


6.1.5 LBDS syNchronisation

The LBDS will need to be timed in with respect to the abort gap and the RF frequency. This must be done with a single pilot in bucket 1 (10?) at the start of the abort gap.

	#
	Action
	Description and criteria
	When

	1
	Synchronise the abort gap and RF frequency with the kicker triggering
	Inject a single bunch into bucket 1 (10?) adjacent to the abort gap). Adjust the LBDS delay between the RF frequency and the trigger until the bunch is correctly extracted at the end of MKD rising edge.
	S,R

	2
	Check MKD rise time and synchronisation
	Inject a single bunch into bucket 1 (10?) and another one into bucket 3444 (34440?) to define the edges of the abort gap. Check that these are correctly extracted and that the trajectories are as expected.
	S,R


6.1.6 LINKS to injection systems

The LBDS has separate links for injection inhibit during arming (via the injection interlock system) and for the abort gap watchdog (via a private fibre link). 

	#
	Action
	Description and criteria
	When

	1
	Time in the abort gap keeper
	Inject a single bunch into bucket 1 (10?) adjacent to the abort gap). Adjust the abort gap keeper phase wrt the prepulse until a bunch can be injected into bucket 1 (10?) and bucket 3444 (34440?).
	S,R

	2
	Test abort gap keeper
	Put the machine in inject and dump mode. Vary the injection delay and check that the injection is inhibited for 11 us out of the 89 us possible. Check that no beam can be injected into the abort gap and that the single bunch is 7.8 us from the start of the abort gap.
	S,R


6.1.7 measurement of aperture in p6 

There are several aperture limits in point 6 for the circulating and extracted beam. Initial setting up will need dedicated measurements of aperture at the circulating beam limits, followed by an adjustment of the reference orbit there if necessary. Further setting up will check the aperture in the dump lines and again correct the orbit to improve the situation if required. This step will need to be repeated if the beam conditions change significantly (emittance or orbit in p6).

	#
	Action
	Description and criteria
	When

	1
	Aperture at circulating beam limits
	Measure aperture with circulating beam (using local closed orbit bump + BLMs): H plane - TCDS entrance, MSD exit, MKD 2nd beam pipe. V plane – MSD septa.
	S,O,R

	2
	Aperture at extracted beam limits
	Measure aperture with extracted beam (using local closed orbit bump + BLMs): H plane - TCDS entrance, MSD exit, differential pumping section, MKB kickers, V plane – differential pumping section, MKB kickers.

For these measurements special knobs will be needed which vary the circulating beam position/angle in such a way as to produce the correct effect in the TD line once the beam is extracted.
	S,O,R

	3
	Aperture with 14/15 MKD
	Using a special closed orbit bump which changes the H angle at the TCDS entrance by 1/15 of the kick from the MKD system (about 0.02 mrad), the pilot bunch should be extracted and the losses and trajectory checked. The losses on the TCDS should be recorded and scaled to full intensity to check that they are still acceptable
	S,O,R

	4
	Calibration of beam loss signal and protons lost at TCDS
	The beam should be steered until it is completely lost on the TCDS at extraction – the beam loss signal recorded should be scaled by the protons in the beam to give a calibration for the losses at the TCDS.
	R

	5
	Measure aperture with allowable orbit variation and setting of interlock BPM thresholds
	Orbit corrections of increasing amplitude should be made in point 6 to change the position and angle of the extracted beam. No losses should be seen for values up to 2 mm, and for values of up to 4 mm the losses on the TCDS should be low enough that they remain acceptable when scaled to full intensity.
The setting of the interlock BPM levels should be determined from the beam loss at the TCDS scaled to full intensity. If required, adjust the nominal interlock level on BPM position (nominal 3.6 mm).
	S,O,R


6.1.8 FMCM Power convertor current surveillance

A FMCM is connected to the extraction septum magnet MSD circuit. The FMCM triggers an interlock if a significant PC current change is detected. The FMCM USER_PERMIT switches to FALSE when the current changes by more than the tolerated amount. The basic FMCM functionality will be tested in the HWC but a final test with beam can be made. 
	#
	Action
	Description and criteria
	When

	1
	MSD FMCM threshold check with beam
	The current function of the power converter is trimmed: a steep downward step is programmed into the function: the step must be sufficiently large to trigger the FMCM and result in the USER_PERMIT switching to FALSE due to the step. The transition of the FMCM USER_PERMIT from TRUE to FALSE just after the current step is verified with the BIC history buffer. The current of the power converter is read out at 1 millisecond intervals and used together with the FMCM Post Mortem Data to evaluate the correctness of the FMCM thresholds (warning threshold and the actual beam dump threshold).

The beam dump will be triggered and the beam extracted - the recorded trajectories are used to evaluate the maximum excursion of the beam during the MSD ramp down, which can be used to calculated the point at which the FMCM triggered. No beam losses should be seen.
	S,R


6.2 Setting up the LBDS on first ramps – energy tracking
The energy tracking needs to be checked with beam up the ramp and the settings, IPOC and XPOC tables corrected if required – for the MKD/B and MSD magnets this is done by checking the extracted beam trajectory and positions on the final BTVDD screen.

These tests are to performed with a single pilot bunch, for both beams.

	#
	Action
	Description and criteria
	When

	1
	Check MKD/B and MSD energy tracking
	Proposed energies on the ramp to dump a pilot bunch and check that the trajectory is well-centred with respect to the measured and expected aperture: 650 GeV, 950 GeV, 1200 GeV, 1600 GeV, 2100 GeV, 3200 GeV, 4400 GeV, 5000 GeV and for year > 2009 also 5800 GeV, 6500 GeV, 7000 GeV.

The BPMSE, BTVSE, BPMD, BTVD and BTVDD can be used. The MKB kick and the bucket number of the bunch used must be taken into account for the positions measured on the downstream devices.

Verification of the circulating beam position at Point 6 is also required in case of problems.

The MSD function can be trimmed via MCS (this HAS to be a critical setting). 

The MKD tables need updating locally in the UAs.

IPOC and XPOC references will also need updating if the energy tracking is changed.

A procedure for the operational update is still needed.
	S,O,R

	2
	Set TCDQ
	Set-up TCDQ for the different energies. More details required. Veification?
	

	3
	Calibration of beam losses and protons lost
	Check BLM measurements for the different energies and create references for XPOC analysis.

Check BCT signal upon beam losses.
	

	4
	IPOC and XPOC
	Check that IPOC and XPOC analysis are ok for the different energies mentioned above.
	


6.3 abort gap cleaning

The abort gap cleaning needs extensive beam commissioning and this must be repeated when the beam conditions change, or when the optics are changed significantly. The setting up will be needed at injection, in the ramp, at top energy and though the squeeze.

	#
	Action
	Description and criteria
	When

	1
	Setup abort gap cleaning
	Deploy the calculated excitation programmes for the damper to clean the abort gap. 

Check that beam in the abort gap can be correctly cleaned (for this will need to adjust the timing to first ‘clean’ a bunch outside the abort gap, and then to clean uncaptured beam in the abort gap. Again is it possible to switch RF off for a while to get some beam in the gap? Need to be very careful about doing this > 450 GeV!).

Change timing so that only abort gap is ‘cleaned’.

Check that the beam outside the abort gap is not excited (how? Measure emittance of these bunches only? Or check with FBCT if they lose intensity with time).
	S,O,R


6.4 Measurements when increasing the beam intensity or filling pattern
The following measurement will need to be repeated at the different stages of the commissioning when the beam intensity and filling patterns are changes. The foreseen stages are: 43 bunches of 4e10 p+, 156 bunches of 9e10 p+,936 bunches of 4e10 p+, 936 bunches of 9e10 p+, 2808 bunches of 5e10 bunches and 2808 bunches of 11e10 p+.

The tests need to be performed at least at injection energy and at top energy.

6.4.1 Beam instrumentation

Most of Beam Instrumentation checks mentioned in Section 7.1.2 will need to be repeated when the beam intensity and/or the filling pattern is changed. The relevant tests are copied below plus the test on the BLM signals needs to be performed for the different intensities. 

	#
	Action
	Description and criteria
	When

	1
	Check MKD/B and MSD energy tracking
	Depending on the filling pattern, check that the trajectory is well-centred with respect to the measured and expected aperture.

The BPMSE, BTVSE, BPMD, BTVD and BTVDD can be used. The MKB kick and the bucket number of the bunch used must be taken into account for the positions measured on the downstream devices.

Verification of the circulating beam position at Point 6 is also required in case of problems.

The MKB tables need updating locally in the UAs.

IPOC and XPOC references will also need updating if the energy tracking is changed.

A procedure for the operational update is still needed.
	S,R

	1
	Check BTVDD, BTVD and BTVSE acquisition
	Trigger beam dump and check that BTVDD acquires the bunch position correctly, for B1 and B2.

Repeat for BTVD.

Repeat for BTVSE.
	S,R

	2
	Check BPMD acquisition
	Trigger beam dump and check that BPMD acquires XPOC data and that bunch position is correct
	S,R

	3
	Check BLM acquisition
	Trigger beam dump and check that BLMs acquire and that losses are recorded when the beam is steered.
	S,R

	4
	Check BCT acquisition
	Trigger beam dump and check that BCTs acquire and that intensity is correct for both BCTs on both beams. Compare intensity with circulating beam intensity before dump.
	S,R

	5
	Test interlock BPMs
	Vary BPM thresholds (number of bunches, tolerances) until the measured values are out of tolerance. Check that the dump is triggered.
	S,R

	6
	Calibration of beam losses and protons lost
	Check BLM measurements for the different energies and create references for XPOC analysis.

Check BCT signal upon beam losses.
	

	7
	IPOC and XPOC
	Check that IPOC and XPOC analysis are ok for the different filling patterns
	


6.4.2 TDE beam dump blocks

The TDE block pressure and temperature will be monitored and need to be checked with increasing beam intensity. Reference profiles for losses need to be recorded and stored.

	#
	Action
	Description and criteria
	When

	1
	Check N2 pressure and temperature rise after beam dump
	After dumping a beam with moderate intensity the measured N2 temperature and pressure rise should be checked against the expectations and the XPOC references updated if needed.


	R

	2
	Check TDE BLM signals and define references
	After dumping a beam with different intensity the measured TDE BLM

	R


6.5 Measurements when chaning the optics

If the optics of the machine is changed significantly several of tests mentioned above will need to be repeated, including the setting up of the TCDQ. At the moment it is too early to decide on the importance of the different tests.
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