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	Abstract

This document describes the tests that will be carried out to validate the operation of the Beam Interlock System for the LHC.  
This document covers testing that must occur in each of the key phases of the commissioning of the Machine Protection System.

A prerequisite of these tests is that the required Individual System Tests of the Beam Interlock System have been carried out.  These prerequisite steps are labelled before each of the commissioning tests.
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1. Introduction

It is vital to ensure that the Beam Interlock System (BIS) [1] is working to specification before LHC can be operated. System testing, both in the form of Individual System Tests (IST) and End-to-End system tests have been foreseen to prove the system works correctly.  

The Individual System Tests of the BIS are explained in a separated document [2]. 

The Commissioning the Beam Interlock System should be carried out before first operation with beam, meaning that each of the steps described in this document are required to occur before Phase A.1 of the LHC Machine Commissioning plan (see appendix-A). 

2. BEAM INTERLOCK SYSTEM REVIEW

2.1 The beam interlock SYSTEM

There are around 140 User Systems of the LHC BIS.  To accommodate these distributed User Systems, the LHC BIS is split into 17 Beam Interlock Controllers (BIC) one situated to the right and one to the left of each Insertion Region (IR), plus one more in the CCR.  These 17 BICs communicate with the LBDS situated in IR6 and with the Injection BIS (IR2 & IR8). The permissions for beams to be present in the LHC, called Beam Permits, are carried around the machine between these BICs by dedicated Beam Permit Loops. 

2.2 Beam Permit Loops

The figure 1 shows the 17 BICs of the LHC connected to the LBDS at IR6, the communication from one point to another is carried out over four dedicated fibre optic channels.  A clockwise and anti-clockwise link exists for each beam to be interlocked by the BIS.  This means that the request for a Beam Dump always takes the shortest path from BIC to LBDS.  
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Figure 1 : Layout of the Beam Interlock System

 (Links with the Injection BIS are not shown)

A Generator (CIBG) is situated at IR6, which can generate the Beam Permit Signal on request for a short time, this signal propagates around the machine and is received back at the CIBG in IR6, this frequency is then detected and the generation latched.  If the frequency is not detected, Beam Permit cannot be established so the CIBG will timeout, stopping the production of the signal after a given time (<1ms).
2.3 The beam interlock controller

The BIC collects and routes User Permit signals from User Systems situated in the vicinity to the Beam Permit Loops, as shown in the figure 2.  Connected User Systems pass through a User Interface (CIBU) and interlock the two LHC beams either independently, or simultaneously.  The BIC combines these to act on the relevant Beam Permit Loops.  To reach the required level of safety the links are duplicated (labelled A and B), with the A link serving the Anti-Clockwise Beam Permit Loop, and the B serving the Clockwise. The relevant User Permit signals are ANDed together to allow or deny the propagation of the 10MHz square wave.  The BIC also returns Beam Permit Info back to the User Systems, this is a non-critical signal representing the status of the Beam Permits. The Beam Interlock Controller is detailed in [3]. 
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Figure 2 : Simplified Block Diagram of the Beam Interlock System

The controller consists of a Versa Module Europa (VME) chassis with numerous custom-made cards:

CIBM – Manager: This card performs the core function of the BIC, it also provides monitoring information to the Power PC.

CIBT – Test: This card receives commands from the Manager card, allowing remote test and monitoring of the connected User Interfaces.

Power PC - Running Lynx OS: This provides the Interface between the VME Chassis and the Controls Network.

CTRP – Compact PCI Timing Receiver: This card receives the timing frames, and derives a Pulse Pe   r Second (PPS) and an pulse on a chosen event (PM event for example)

CISV – Safe Machine Parameters Receiver: This card informs the CIBM of the criticality of the LHC operation, if the Beam cannot damage equipment Safe Beam Flags are set.

Note: The CISV is a modified version of the Timing Receiver board in VME format (CTRV).

The Tests of the Safe Machine Parameters System (Safe Beam Flags, Safe Stable Beam Flags, etc…) are described in a separated document [6]. These tests are concerning the generation part and the reception part.

CIBP – Patching, CIBEA – Extension Type A, CIBEB – Extension Type B: These cards create the links from the User Interfaces to the CIBM and CIBT, they also form a dedicated differential communications path between the CIBM, CIBT and SLPR

The acronyms used for the boards are listed in [4]. 
2.4 cabling from user interface to controller

The cabling from the User Interface to the Controller is the key part of the system that has to be checked after a BIC has been installed.  It consists of five RS-485 links, three of which distribute signals in a DC mode (User Permit A, User Permit B and Beam Permit Info), the remaining pair form a bi-directional communication link operating at around 62.5kbaud, with Manchester Encoded data frames.  
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Figure 3 : Electrical Connections between User Interface and Controller

2.5 The User interface

As User Systems operate with a variety of voltages and hardware platforms, a generic User Interface box has been designed for the BIS, capable of interfacing any signal from TTL to PLC voltage levels, this signal is then transformed for long distance communication to the nearest Beam Interlock Controller.  The longest distance that a User System is situated from a BIC is around 1km, and each User Interface has dedicated full-duplex communications to enable online testing and monitoring of links on request.  The User Interface box is a small rack mounted module, having redundant PSUs that can be remotely monitored.  The User Interface is also equipped with a Complex Programmable Logic Device (CPLD) which allows a remote monitoring and test of the module. 

The User Interface (box) is commonly named CIBU and is detailed in [5].
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Figure 4 : Block Diagram of the User Interface (CIBU)

3. Scope

This document describes the sequences that need to be carried out to commission the LHC Beam Interlock System.  Certain Individual System Tests are prerequisites for each commissioning step; these prerequisites are labelled and referenced where appropriate.  

Considering that the Beam Interlock System will be completely tested by its Individual System Test [2] leads to the following diagram.  Here signals shown in green are those commissioned by following the procedures outlined in this document.
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Figure 5 : Signals that require commissioning
4. PURPOSE

This document 

1. Lists and briefly describes the Machine Protection System components which will be the object of Commissioning of the BIS (BICs and their related hardware, User Interfaces, Interconnecting Cables as well as the Supervision / Testing Software are assumed to already completely tested [2]) 

2. Defines the conditions required to start the tests, those required during the tests and those which determine the successful completion of the tests.  The expected control infrastructure is also described.

3. Describes the procedures to be applied for these tests.

Each test description is preceded with one of the following letters, defining the interval at which each test needs to be repeated.

	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


This document is the reference document for the MPS commissioning checklist.  Results of the tests will be documented in the MTF database.

5. SIGNALS TO COMMISSION

The signals that are shown in the figure 5 have the following characteristics:

	Signal Name (variants)
	Description
	Commissioning Criteria

	USER_PERMIT (all)
	TRUE when the connected User System gives permission for operation with beam.

FALSE otherwise.
	Set TRUE then set FALSE
· Verify coherent operation

· Verify no spurious changes

· Verify Voltages and Currents

· Verify Channel Connection

	BEAM_PERMIT_INFO (all)
	TRUE when the Beam Interlock System is giving permission for operation with beam.

FALSE otherwise.
	Set TRUE then set FALSE
· Verify coherent operation



	SOFTWARE_PERMIT (all)
	TRUE when the Software Interlock System (SIS) gives permission for operation with beam.

FALSE otherwise.
	Set TRUE then set FALSE
· Verify coherent operation



	BEAM_PERMIT (all)
	TRUE when the Beam Interlock System is giving permission for operation with beam.

FALSE otherwise
	Set TRUE then set FALSE
· Verify coherent operation

· Verify time delay between BIS/LBDS

	SAFE_BEAM_FLAG (all)
	TRUE when LHC Beam is below predefined damage thresholds.

FALSE otherwise.
	Set TRUE then set FALSE
· Verify coherent operation

· Verify the time delay between BIS/GMT


5.1 USER_PERMIT from User Systems

The link to the User Interface is to be formed using a redundant ‘A’ and ‘B’ architecture.

‘A’ TRUE AND ‘B’ TRUE means the User System is ready for beam operation

‘A’ FALSE OR ‘B’ FALSE means that the User System is NOT ready for beam operation

‘A’ & ‘B’ are allowed to be different values to facilitate commissioning.

5.2 BEAM_PERMIT_INFO TO User Systems

The communication of BEAM_PERMIT_INFO to the User Systems is carried out using a single signal

BEAM_PERMIT_INFO TRUE means the Beam Interlock System is allowing operation with beam.

BEAM_PERMIT_INFO FALSE means that the Beam Interlock System is NOT allowing operation with beam.

5.3 SOFTWARE_PERMIT TO THE BEAM INTERLOCK SYSTEM

Each Beam Interlock Controller is able to receive a pair of redundant signals (VME command) that could be used as the SOFTWARE_PERMIT signals.

Only 1 over the 17 BICs will be used for this purpose. This controller is the one that is installed in the CCR (see list in Appendix-B).

‘A’ TRUE AND ‘B’ TRUE means the Software Interlock System is ready for beam operation

‘A’ FALSE OR ‘B’ FALSE means that the Software Interlock System is NOT ready for beam operation

‘A’ & ‘B’ are allowed to be different values to facilitate commissioning.

5.4 BEAM_PERMIT to the LBDS and TO THE INJECTION BIS

The link from the Beam Interlock System to the LBDS (and to the Injection BIS) is formed using a redundant ‘A’ and ‘B’ architecture. 

‘A’ TRUE AND ‘B’ TRUE means the Beam Interlock System gives permission for operation with beam.

‘A’ FALSE OR ‘B’ FALSE means that the Beam Interlock System does NOT give permission for operation with beam.

‘A’ & ‘B’ are allowed to be different values to facilitate commissioning, obviously anything other than ‘A’ AND ‘B’ TRUE means no operation with beam is allowed.

A Beam Dump is executed when BEAM_PERMIT transitions from TRUE to FALSE.  Injection of beam into the LHC is not permitted when BEAM_PERMIT is FALSE.

5.5 SAFE_BEAM_FLAG from the TIMING SYSTEM

The SAFE_BEAM_FLAG link from the timing system to the Beam Interlock System is formed using a redundant pair of signals (SBF1A, SBF1B & SBF2A, SBF2B). 
‘SBF1A’ TRUE AND ‘SBF1B’ TRUE means the beam-1 in the LHC is BELOW damage thresholds. (Same for beam-2 with SBF2A & SBF2B)
‘SBF1A’ FALSE OR ‘SBF1B’ FALSE means the beam-1 in the LHC is ABOVE damage thresholds

‘A’ & ‘B’ are allowed to be different values to facilitate commissioning. 

6. HArdware COMMISSIONING

Hardware Commissioning consists of joining User Systems, Beam Dumping System, Software Interlock System and General Machine Timing to the Beam Interlock System as required for LHC operation.  The physical connection between Software Interlock System and General Machine Timing has been verified during the Individual System Tests of the Beam Interlock System, however, commissioning must still be carried out in order to verify the correct operation of these links. 

6.1 TESTS PERFORMED DURING THE IST

6.1.1 Stand-alone controller testing
The first part of IST confirms the correct operation of a BIC and the Permit_Loops.  Note that the BIC will have been completely tested and verified over the period of many weeks in a controlled setting before being moved to the LHC.

The tests are relying on monitoring software to determine whether the state of the Controller is as expected. They are repeated for each controller.

The tested parts are:

· Fibre Optics for Beam Permit Loops

· Software Interlock input

· History Buffer contents

· Communication from Manager to Test Cards

(The above tests are detailed in [2])

After the above tests have been completed, all the operation of the BICs in stand alone mode is known to be correct, the connection and communication between all of the sub-components in the VME Chassis of the BIC is known to be correct and operating to Specification.  The Permit Loops have been constructed around the machine, and their operation has been characterised.

6.1.2 controller AND User INTERFaCE testing
This part of the IST adds the User Interfaces to the BIC, and analyses the integrity of the cable connections. The User Systems are NOT yet connected. 

All locations requiring a User Interface should be fitted with the required device. All cables should be checked and then connected from the locations of the User Interface devices to the rear connectors of the BIC.

The tests are relying on monitoring software. They are repeated for each User Interface of each controller.

The main subtests are checking:

· Critical links (i.e. User_Permits) of User Interface to Controller 
· Non-critical link: Beam_Info to User Interface (by software)

After the tests have been completed, all the inter-links of the BIC under test are known to be correct. The connection and identification of the User Interfaces is known, along with the cabling labels and the markings of the fibre optic losses to and from the Controller. More details are given in [2]

All of these details are then recorded in a Database, and used by the Post-Mortem reconstruction software to adjust BIC History Buffers accordingly. The delays could be shown in using the BIS supervision application (History Buffer display).

6.2 Commissioning the Beam Interlock System

6.2.1 OVERVIEW OF THE TESTS

These tests are to be repeated after every shutdown

Five tests are needed to commission the BIS (details given in 6.2.5):

Test A – Tests links from User Systems to Beam Interlock System.

(Requires individual interlock controller and user interface installed)
· Requires the relevant User Interface and Beam Interlock Controller to have completed the IST

· Test covers USER_PERMIT_A, USER_PERMIT_B and BEAM_PERMIT_INFO

Test B – Tests links from Software Interlock System to Beam Interlock System

(Requires individual interlock controller installed)
· Requires that the relevant Beam Interlock Controller has completed its IST

· Test covers SOFTWARE_PERMIT_A and SOFTWARE_PERMIT_B

Test C – Tests the Safe Beam Flag transmission through the GMT

(Requires individual interlock controller installed)
· Requires that the relevant Beam Interlock Controller has completed its IST

· Test covers SAFE_BEAM_FLAG_A and SAFE_BEAM_FLAG_B

Test D – Tests links from Beam Interlock System to Beam Dump

(Requires all 17 Beam Interlock Controllers installed)
· Requires that all Beam Interlock Controllers have completed IST

· Time alignment of both (BIS & LBDS) Post Mortem data can be checked

· Test covers BEAM_PERMIT_A and BEAM_PERMIT_B

Test E – Tests links from Beam Interlock System to Injection Interlock System

(Requires all 17 Beam Interlock Controllers installed)
· Requires that all Beam Interlock Controllers have completed IST

· Test covers BEAM_PERMIT_A and BEAM_PERMIT_B

These are valid for either Beam-1 or Beam-2 system tests. 

6.2.2 Summary of SIgnals to be COMMISSIONED

The signals that are to be commissioned are listed below by User System familly.  The column on the right-hand side is the commissioning test.
	System Name
	Connections(*)
	Signals
	Signal Notes
	Test

	Collimators
	42
	126
	_A and _B and _INFO
	A

	Power Interlock Controllers
	32
	96
	_A and _B and _INFO
	A

	Vacuum
	30
	90
	_A and _B and _INFO
	A

	Beam Loss Monitor System
	16
	48
	_A and _B and _INFO
	A

	Fast Magnet Current Change Monitor
	12
	36
	_A and _B and _INFO
	A

	Warm Magnet Interlocks
	8
	24
	_A and _B and _INFO
	A

	Beam Screens
	9
	27
	_A and _B and _INFO
	A

	Kicker Systems
	4
	12
	_A and _B and _INFO
	A

	RF
	4
	12
	_A and _B and _INFO
	A

	ATLAS & LHCf
	5
	15
	_A and _B and _INFO
	A

	CMS & TOTEM
	5
	15
	_A and _B and _INFO
	A

	ALICE
	2
	6
	_A and _B and _INFO
	A

	LHCb
	3
	9
	_A and _B and _INFO
	A

	Beam Lifetime
	2
	6
	_A and _B and _INFO
	A

	Beam Excursion
	4
	12
	_A and _B and _INFO
	A

	Access System
	1
	3
	_A and _B and _INFO
	A

	Operator Push-Buttons
	2
	6
	_A and _B and _INFO
	A

	Programmed Dump
	2
	6
	_A and _B and _INFO
	A

	Software Interlock System
	2
	4
	_A and _B
	B

	Safe Beam Flag
	32
	64
	_A and _B
	C

	Beam Dump
	2
	4
	_A and _B
	D

	Injection BIC
	2
	4
	_A and _B
	E

	Totals
	223
	631
	
	


(*) Details given in Appendix-C.

This means that 631 entries are required in MTF to cover the commissioning of the LHC Beam Interlock System.

BEAM_PERMIT_INFO is not used in every case – it can be removed where appropriate.

Test A = 549 Signals to be tested

Test B = 4 Signals to be tested

Test C = 64 Signals to be tested

Test D = 4 Signals to be tested

Test E = 4 Signals to be tested

6.2.3 Subject of TestS

These tests verify that all systems linked to the LHC Beam Interlock System can successfully communicate with the BIS.

6.2.4 Status After TestS

After the tests have been completed, the BIS is commissioned and ready for first beam operation

6.2.5 Execution MethoDS

6.2.5.1 Test A METHOD

Test A verifies the User Interface to Controller links, verifying that each User System can send USER_PERMIT_A, USER_PERMIT_B to the Beam Interlock Controller and that each can receive BEAM_PERMIT_INFO from the Beam Interlock Controller.

· Checks that the links are coherent from User Interface to Controller

· Checks that the User gives correct voltage, correct current, both in open and closed circuit operation for USER_PERMIT_A and _B.

· Checks that the bit-error-rate is satisfactory 

· Gives a ‘correction factor’ (time propagation due to the cable length) that can be used to realign history buffer

These sequences can be carried out on a User by User basis, the only prerequisites are that the connected BIC, User Interface and Cabling have all passed the tests in the IST.

START OF Test A
---Member of BIS team required beside Beam Interlock Controller---

1. Ensure BICs have all completed IST

2. Ensure that the CIBU and the Cable (between CIBU and BIC) under test have completed IST

3. Ensure that the channel being used for the test is enabled

4. Ensure that the BEAM_PERMIT_INFO is transmitted FALSE

---Member of BIS team required beside User rack---

5. USER SYSTEM should provide NE8 cable (between User System and CIBU) for inspection

6. USER SYSTEM should set USER_PERMIT_A TRUE and USER_PERMIT_B FALSE

7. Verify cable voltages

a. USER_PERMIT_A TRUE >4V but <30V

b. USER_PERMIT_B FALSE <1V

8. USER SYSTEM should set USER_PERMIT_A FALSE and USER_PERMIT_B TRUE

9. Verify cable voltages

a. USER_PERMIT_A FALSE <1V

b. USER_PERMIT_B TRUE >4V but <30V

---required both beside user and beside Beam Interlock Controller

10. Connect USER SYSTEM to CIBU

-------

11. USER SYSTEM should set USER_PERMIT_A TRUE and USER_PERMIT_B FALSE

12. Verify cable voltages and currents

a. USER_PERMIT_A TRUE >4V but <30V

b. USER_PERMIT_A TRUE current >9mA

c. USER_PERMIT_B FALSE <1V

d. USER_PERMIT_B FALSE current <1mA

13. Verify Beam Interlock Controller Response

a. USER_PERMIT_A TRUE

b. USER_PERMIT_B FALSE

c. USER_PERMIT_A Glitch Counter value should be equal to 0(*).

d. USER_PERMIT_B Glitch Counter value should be equal to 0(*).

     (*) except if the User System output is using a mechanical relay.

e. History buffer should show a trouble-free transition

-------

14. USER SYSTEM should set USER_PERMIT_A FALSE and USER_PERMIT_B TRUE

15. Verify cable voltages and currents

a. USER_PERMIT_A FALSE <1V

b. USER_PERMIT_A FALSE current >1mA

c. USER_PERMIT_B TRUE >4V but <30V 

d. USER_PERMIT_B TRUE current >9mA

16. Verify Beam Interlock Controller Response

a. USER_PERMIT_A FALSE

b. USER_PERMIT_B TRUE

c. USER_PERMIT_A Glitch Counter value should be equal to 0(*).

d. USER_PERMIT_B Glitch Counter value should be equal to 0(*).

e. History buffer should show a trouble-free transition

-------

17. Verify User System reception of BEAM_PERMIT_INFO

a. Check User System reads BEAM_PERMIT_INFO FALSE

18. Set BEAM_PERMIT_INFO TRUE

a. Check User System reads BEAM_PERMIT_INFO TRUE

19. Set BEAM_PERMIT_INFO FALSE

a. Check User System reads BEAM_PERMIT_INFO FALSE

20. Record User System voltage characteristics and Cable Length in the BIS Database.

--------------------------------------

21. USER SYSTEM should go back to the initial state (USER_PERMIT_A FALSE and USER_PERMIT_B FALSE.

22. Verify Beam Interlock Controller Response that USER_PERMIT (_A & _B) are both FALSE. The History buffer should show a trouble-free transition.

END OF Test A

6.2.5.2 test B METHOD

Test B verifies the links from Software Interlock System to Beam Interlock System

· Requires that the relevant(*) Beam Interlock Controllers have completed its IST

· Test covers SOFTWARE_PERMIT_A and SOFTWARE_PERMIT_B

These sequences can be carried out on a Controller by Controller basis, the only prerequisites are that the connected BIC has passed its IST

START OF Test B
---Member of BIS team required beside Beam Interlock Controller (if convenient) ---

---OR member of BIS team required with complete supervision running---

1. Verify that SOFTWARE_INTERLOCK_A and _B are FALSE

2. Request SOFTWARE_INTERLOCK_A TRUE and _B FALSE

3. Verify Controller response

a. SOFTWARE_INTERLOCK_A is TRUE

b. SOFTWARE_INTERLOCK_B is FALSE

c. History buffer should show a trouble-free transition

4. Request SOFTWARE_INTERLOCK_A FALSE and _B TRUE

5. Verify Controller response

a. SOFTWARE_INTERLOCK_A is FALSE

b. SOFTWARE_INTERLOCK_B is TRUE

c. History buffer should show a trouble-free transition

6. Request SOFTWARE_INTERLOCK set to normal operation

7. Verify Controller response

a. SOFTWARE_INTERLOCK_A is correct (confirm with control room)

b. SOFTWARE_INTERLOCK_B is correct (confirm with control room)

c. History buffer should show a trouble-free transition

--------------------------------------

8. The Software Interlock System should go back to the initial state (SOFTWARE_INTERLOCK_A and _B are FALSE).

9. Verify Beam Interlock Controller Response that SOFTWARE_INTERLOCK (_A & _B) are both seen as FALSE. The History buffer should show a trouble-free transition.

END OF Test B
(*) Each Beam Interlock Controller is able to receive a pair of redundant signals (via a VME command) that could be used as SOFTWARE_PERMIT signals.

Only 1 over the 17 BICs will be used for this purpose:  the one installed closed to the CCC (e.g. in CCR).

For the other 16 BICs, this function will be disabled (on-board jumper).

6.2.5.3 test C METHOD

Test C verifies that the Safe Beam Flag transmission through the GMT is coherent.  This test is carried out in much the same way as the TEST B

· Requires that the relevant Beam Interlock Controller has completed its IST

· Test covers SAFE_BEAM_FLAG_A and SAFE_BEAM_FLAG_B

START OF Test C
---Member of BIS team required beside Beam Interlock Controller (if convenient)---

---OR member of BIS team required with complete supervision running---

1. Verify that SAFE_BEAM_FLAG_A and _B are FALSE

2. Request SAFE_BEAM_FLAG_A TRUE and _B FALSE

3. Verify Controller response

a. SAFE_BEAM_FLAG_A is TRUE

b. SAFE_BEAM_FLAG_B is FALSE

c. History buffer should show a trouble-free transition

4. Request SAFE_BEAM_FLAG_A FALSE and _B TRUE

5. Verify Controller response

a. SAFE_BEAM_FLAG_A is FALSE

b. SAFE_BEAM_FLAG_B is TRUE

c. History buffer should show a trouble-free transition

6. Request SAFE_BEAM_FLAG set to normal operation

7. Verify Controller response

a. SAFE_BEAM_FLAG_A is correct (confirm with control room)

b. SAFE_BEAM_FLAG_B is correct (confirm with control room)

c. History buffer should show a trouble-free transition

END OF Test C
6.2.5.4 test D METHOD

Test D verifies the links from Beam Interlock System to Beam Dump

· Requires that all Beam Interlock Controllers have completed IST

· Time alignment of BIS to LBDS can be checked

· Test covers BEAM_PERMIT_A and BEAM_PERMIT_B
START OF Test D
---Member of BIS team required in IR6 beside Generator and Master---
1. Verify that all 17 BICs have completed their ISTS

2. Verify that the beam permit loop IST has been completed 

3. Verify that access is possible to every BIC and Generator

4. Connect the two BEAM_PERMIT_LOOP fibres as required in IR6

---Member of BIS team required beside MKD system---

5. Verify that the MKD is receiving 

a. BEAM_PERMIT_A FALSE

b. BEAM_PERMIT_B FALSE

6. Set TEST_MODE_A on every User Interface in the system

7. Set GENERATOR_A_START

8. Verify

a. MKD receives BEAM_PERMIT_A TRUE

b. MKD receives BEAM_PERMIT_B FALSE

c. Timing of FALSE to TRUE around Permit Loop (each BIC & LBDS)

d. History buffer should show a trouble-free transition

9. Set GENERATOR_A_STOP

10. Verify

a. MKD receives BEAM_PERMIT_A FALSE

b. MKD receives BEAM_PERMIT_B FALSE

c. Timing of TRUE to FALSE around Permit Loop (each BIC & LBDS)

d. History buffer should show a trouble-free transition

11. Set TEST_MODE_B on every User Interface in the system

12. Set GENERATOR_B_START

13. Verify

a. MKD receives BEAM_PERMIT_B TRUE

b. MKD receives BEAM_PERMIT_A FALSE

c. Timing of FALSE to TRUE around Permit Loop (each BIC & LBDS)

d. History buffer should show a trouble-free transition

14. Set GENERATOR_B_STOP

15. Verify

a. MKD receives BEAM_PERMIT_B FALSE

b. MKD receives BEAM_PERMIT_A FALSE

c. Timing of TRUE to FALSE around Permit Loop (each BIC & LBDS)

d. History buffer should show a trouble-free transition

END OF Test D
6.2.5.5 test E METHOD

Test E verifies the links from Beam Interlock System to Injection Interlock

· Requires that all Beam Interlock Controllers have completed IST

· Time alignment of BIS to Injection can be checked

· Test covers BEAM_PERMIT_A and BEAM_PERMIT_B
START OF Test E
---Member of BIS team required in IR2/8 beside Generator and Master---
1. Verify that all 17 BICs have completed their ISTS

2. Verify that the beam permit loop IST has been completed 

3. Verify that access is possible to every BIC and Generator

4. Connect the two BEAM_PERMIT signals to the Injection BIC as required

---Member of BIS team required beside Injection Interlock system (also IR2/8)---

5. Verify that the Injection Interlock System is receiving 

a. BEAM_PERMIT_A FALSE

b. BEAM_PERMIT_B FALSE

6. Set TEST_MODE_A on every User Interface in the LHC Beam Interlock System

7. Set GENERATOR_A_START

8. Verify

a. Injection Interlock System receives BEAM_PERMIT_A TRUE

b. Injection Interlock System receives BEAM_PERMIT_B FALSE

c. Timing of FALSE to TRUE around Permit Loop (each BIC & INJBIS)

d. History buffer should show a trouble-free transition

9. Set GENERATOR_A_STOP

10. Verify

a. Injection Interlock System receives BEAM_PERMIT_A FALSE

b. Injection Interlock System receives BEAM_PERMIT_B FALSE

c. Timing of TRUE to FALSE around Permit Loop (each BIC & INJBIS)

d. History buffer should show a trouble-free transition

11. Set TEST_MODE_B on every User Interface in the LHC Beam Interlock System

12. Set GENERATOR_B_START

13. Verify

a. Injection Interlock System receives BEAM_PERMIT_B TRUE

b. Injection Interlock System receives BEAM_PERMIT_A FALSE

c. Timing of FALSE to TRUE around Permit Loop (each BIC & INJBIS)

d. History buffer should show a trouble-free transition

14. Set GENERATOR_B_STOP

15. Verify

a. Injection Interlock System receives BEAM_PERMIT_B FALSE

b. Injection Interlock System receives BEAM_PERMIT_A FALSE

c. Timing of TRUE to FALSE around Permit Loop (each BIC & INJBIS)

d. History buffer should show a trouble-free transition

END OF Test E
7. MACHINE CHECKOUT

A global test of the Beam Interlock System will be carried out during the machine checkout phase – this will give a direct verification of several of the most critical inputs to the Beam Interlock System, and will allow the Beam Interlock System Internal Post-Operational Check (BIS-IPOC) to be validated in the machine environment.

There are eight User Permit signals which are to be verified in the BIS-Checkout tests:

	SYSTEM NAME
	LOCATION

	BLM Unmaskable
	LEFT of IR1 (CIB.US15.L1)

	BLM Unmaskable
	LEFT of IR2 (CIB.UA23.L2)

	BLM Unmaskable
	SURFACE IR3 (CIB.SR3.S3)

	BLM Unmaskable
	LEFT OF IR4 (CIB.UA43.L4)

	BLM Unmaskable
	LEFT OF IR5 (CIB.USC55.L5)

	BLM Unmaskable
	LEFT OF IR6 (CIB.UA63.L6)

	BLM Unmaskable
	SURFACE IR7 (CIB.SR7.S7)

	BLM Unmaskable
	LEFT OF IR8 (CIB.UA83.L8)


7.1 Overview of the Test

This test is to be repeated as often as not (after at least every Shutdown).
There is a single test sequence which is to be repeated on the eight Unmaskable Beam Loss Monitor USER SYSTEM inputs.  It tests the time response, redundancy and IPOC for these BLMS inputs to Beam Interlock System.

CHECKOUT - Requires all previous commissioning steps to be completed
· Requires the whole Beam Interlock System to be prepared and commissioned, having completed all of COMMISSIONING TESTS A-E.

· Requires the Beam Loss Monitor System to be completely commissioned and ready for operation in the checkout phase

7.2 CHECKOUT METHOD

This test sequence should be repeated for each of the eight signals to be checked.
START OF CHECKOUT
1. Set all USER_PERMIT signals to TRUE 

2. Set all generators to TRUE to give BEAM_PERMIT TRUE

---Masks may be applied to get BEAM_PERMIT TRUE---

3. Request that USER SYSTEM sets USER_PERMIT to FALSE

4. Verify

a. Relevant USER_PERMIT becomes FALSE at the connected BIC

b. PERMIT LOOPS are broken around the machine

c. BEAM_PERMIT becomes FALSE in BIS and LBDS

d. Timing of System operation (BLMS – BIS – LBDS) is to specification

e. BIS-IPOC correctly verifies the operation of the system

END OF CHECKOUT
8. Tests with beam

To validate the interfaces between the BIS and User Systems there is (in principle) no need to perform any tests with beam. However, to study the time delays (e.g. after a quench in a dipole circuit and the completion of the beam dump) and the redundancy of the protection systems (namely Beam Loss Monitors and the QPS/powering interlock system) a number of studies could be performed with low beam intensity to evaluate the overall performance of the Machine Protection Systems. 

Such tests (called later on “TWB1”) however can be performed in the shadow of other tests and will even occur naturally during first beam operation. 
The test (called later on “TWB2”) for the verification of the Safe Beam Flag transmission through the GMT (described in 6.2.5.3) should be reproduced with the real conditions.  This test is carried out in much the same way as the Test C.

These tests are to be repeated after every Shutdown

8.1 Pilot of 1(1010 p+ at 450 Gev

The tests (TWB1) should be performed. 

8.2 43 bunches of 4(1010 p+ at 450 Gev

There is no requirement to perform tests with this beam. 

8.3 156 bunches of 9(1010 p+ at 450 Gev

The test (TWB2) should be performed (I > 1(1012 p+ at 450 Gev)

8.4 pilot of 1(1010 p+ at 7 tev

The test (TWB2) should be repeated.

8.5 43 bunches of 4(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.6 156 bunches of 9(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.7 936 bunches of 4(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.8 936 bunches of 9(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.9 Half nominal: 2808 bunches of 5(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.10 Nominal: 2808 bunches of 11(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

8.11 Stages depending on optics requiring test

There is no requirement to perform tests with different optics. 

8.12 Stages depending on crossing at IP requiring test

There is no requirement to perform tests with different crossing schemes. 
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10. APPENDIX-A

The order of the LHC Machine Commissioning and the definition of the commissioning phases can be found at 

http://lhccwg.web.cern.ch/lhccwg/overview_index.htm
A summary is presented below; use the hyperlinks to find the detailed information:

	Stage A: Pilot Physics Run

	Phase A.1
	First turn:  injection commissioning; threading, commissioning beam instrumentation. Ring 1, ring 2.

	Phase A.2
	Circulating pilot:  establish circulating beam, closed orbit, tunes, RF capture, ...

	Phase A.3
	450 GeV initial commissioning:  system commissioning: instrumentation, beam dump,...

	Phase A.4
	450 GeV optics: beta beating, dispersion, coupling, non-linear field quality, aperture,...

	Phase A.5
	450 GeV, increasing intensity: prepare the LHC for unsafe beam

	Phase A.6
	450 GeV, two beam operation

	Phase A.7
	450 GeV, collisions

	Phase A.8
	Snap-back and ramp: single beam

	Phase A.9
	Top energy checks

	Phase A.10
	Top energy, collisions

	Phase A.11
	Squeeze: Commissiong the betatron squeeze in all IP's


	Stage B: Intermediate Physics Run

	Phase B.1
	Injection of 75 ns train:  ...

	Phase B.2
	System commissioning:  RF, BI ...

	Phase B.3
	Commission reduced crossing angle:  ...

	Phase B.4
	Full 75 ns injection scheme: (234 334 334 334) ...

	Phase B.5
	Ramp 75 ns train: ...

	Phase B.6
	Squeeze 75 ns train 

	Phase B.7
	Collide 75 ns train

	Phase B.8
	Increase intensity: 936 bunches with 4 x 1010

	Phase B.9
	Luminosity production with 75 ns 


	Stage C: 25ns Run I 2808 x 2808 at 5x1010 – to be confirmed


	Stage D: 25ns Run II push towards nominal performance – to be confirmed


11. APPENDIX - Locations of Controllers
	Controller Description
	Device Name
	FEC Name
	Building
	Rack

	LHC BIC in L1
	CIB.US15.L1
	CFV-US15-CIBL1
	US15
	CYCIB.01US152

	LHC BIC in R1
	CIB.US15.R1
	CFV-US15-CIBR1
	US15
	CYCIB.02US152

	LHC BIC in L2
	CIB.UA23.L2
	CFV-UA23-CIBL2
	UA23
	CYCIB.01UA23

	LHC BIC in R2
	CIB.UA27.R2
	CFV-UA27-CIBR2
	UA27
	CYCIB.01UA27

	LHC BIC in IP3 underground
	CIB.UJ33.U3
	CFV-UJ33-CIBU3
	UJ33
	CYCIB.01UJ33

	LHC BIC in IP3 surface
	CIB.SR3.S3
	CFV-SR3-CIBS3
	SR3
	YYACS.01SR3

	LHC BIC in L4
	CIB.UA43.L4
	CFV-UA43-CIBL4
	UA43
	CYCIB.01UA43

	LHC BIC in R4
	CIB.UA47.R4
	CFV-UA47-CIBR4
	UA47
	CYCIB.01UA47

	LHC BIC in L5
	CIB.USC55.L5
	CFV-USC55-CIBL5
	USC55
	CYCIB.01USC55

	LHC BIC in R5
	CIB.UJ56.R5
	CFV-UJ56-CIBR5
	UJ56
	CYCIB.01UJ56

	LHC BIC in L6
	CIB.UA63.L6
	CFV-UA63-CIBL6
	UA63
	CYCIB.01UA63

	LHC BIC in R6
	CIB.UA67.R6
	CFV-UA67-CIBR6
	UA67
	CYCIB.01UA67

	LHC BIC in IP7 underground
	CIB.TZ76.U7
	CFV-TZ76-CIBU7
	TZ76
	CYCIB.01TZ76

	LHC BIC in IP7 surface
	CIB.SR7.S7
	CFV-SR7-CIBS7
	SR7
	YYACS.01SR7

	LHC BIC in L8
	CIB.UA83.L8
	CFV-UA83-CIBL8
	UA83
	CYCIB.01UA83

	LHC BIC in R8
	CIB.UA87.R8
	CFV-UA83-CIBR8
	UA87
	CYCIB.01UA87

	LHC BIC in CCR
	CIB.CCR.LHC
	CFV-CCR-CIBLHC
	CCR
	RA 0621


12. APPENDIX-C: Connections with THE USER SYTEMS

12.1 CONNECTIONS with Collimator Controls

This User System family has 42 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	1
	1
	
	LEFT OF IR1
	CIB.US15.L1

	2
	2
	
	RIGHT OF IR1
	CIB.US15.R1

	2
	2
	
	LEFT OF IR2
	CIB.UA23.L2

	2
	2
	
	RIGHT OF IR2
	CIB.UA27.R2

	2
	2
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	2
	2
	
	LEFT OF IR5
	CIB.USC55.L5

	2
	2
	
	RIGHT OF IR5
	CIB.UJ56.R5

	2
	2
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	2
	2
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	2
	2
	
	LEFT OF IR8
	CIB.UA83.L8

	2
	2
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.2 CONNECTIONS with Powering Interlock Controllers

This User System family has 32 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	2
	LEFT OF IR1
	CIB.US15.L1

	
	
	2
	RIGHT OF IR1
	CIB.US15.R1

	
	
	2
	LEFT OF IR2
	CIB.UA23.L2

	
	
	2
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	4
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	2
	LEFT OF IR4
	CIB.UA43.L4

	
	
	2
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	2
	LEFT OF IR5
	CIB.USC55.L5

	
	
	2
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	2
	LEFT OF IR6
	CIB.UA63.L6

	
	
	2
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	4
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	2
	LEFT OF IR8
	CIB.UA83.L8

	
	
	2
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.3 CONNECTIONS with Vacuum System

This User System family has 30 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	1
	1
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	1
	RIGHT OF IR1
	CIB.US15.R1

	1
	1
	1
	LEFT OF IR2
	CIB.UA23.L2

	1
	1
	1
	RIGHT OF IR2
	CIB.UA27.R2

	1
	1
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	1
	1
	
	LEFT OF IR4
	CIB.UA43.L4

	1
	1
	
	RIGHT OF IR4
	CIB.UA47.R4

	1
	1
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	1
	RIGHT OF IR5
	CIB.UJ56.R5

	1
	1
	
	LEFT OF IR6
	CIB.UA63.L6

	1
	1
	
	RIGHT OF IR6
	CIB.UA67.R6

	1
	1
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	1
	1
	1
	LEFT OF IR8
	CIB.UA83.L8

	1
	1
	1
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.4 CONNECTIONS with Beam Loss Monitor System

This User System family has 16 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	2
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	2
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	2
	SURFACE IR3
	CIB.SR3.S3

	
	
	2
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	2
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	2
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	2
	SURFACE IR7
	CIB.SR7.S7

	
	
	2
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.5 CONNECTIONS with Fast Magnet Current Change MonitorS

This User System family has 12 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	1
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	2
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	3
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	1
	RIGHT OF IR5
	CIB.UJ56.R5

	1
	1
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	3
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.6 CONNECTIONS with Warm Magnet Interlock Controllers

This User System family has 8 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	1
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	1
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	1
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	1
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	1
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	1
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	1
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	1
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.7 CONNECTIONS with Beam Television Systems (Screens)

This User System family has 9 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	1
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	1
	1
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	1
	1
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	1
	1
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	1
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	1
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.8 CONNECTIONS with Kicker Systems

This User System family has 4 connections (LBDS for beam-1, LBDS for beam-2, MKI for beam-1 & MKI for beam-2) to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	1* 
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	1
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	1
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	1
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


(*) Despite the MKI-2 system is installed in UA23 (Left of IR2) 
12.9 CONNECTIONS WITH RF System

This User System family has 4 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	1
	1
	
	LEFT OF IR4
	CIB.UA43.L4

	1
	1
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.10 CONNECTIONS with ATLAS & LHCf Experiments

This User System family has 5 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	1
	1
	3
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.11 CONNECTIONS with CMS & TOTEM ExperimentS

This User System family has 5 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	1
	1
	3
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.12 CONNECTIONS with ALICE Experiment

This User System family has 2 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	2
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.13 CONNECTIONS WITH LHCb Experiment

This User System family has 3 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	3
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.14 CONNECTIONS with Beam Lifetime MonitorS

This User System family has 2 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	1
	1
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.15 CONNECTIONS with Beam Excursion MonitorS

This User System family has 4 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	2
	2
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.16 CONNECTIONS with THE PERSONNAL Access System

This User System has 1 connection to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	1
	CONTROL ROOM
	CIB.CCR.LHC


12.17 CONNECTIONS with THE “PROGRAMMED DUMP”

Two dedicated events are used for Programmed Dumps. These events are included in the LHC Timing generation Table. For example, the LHC Sequencer could make use of them for “Inject and Dump” sequences. The 2 corresponding connections are located as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	1
	1
	
	CONTROL ROOM
	CIB.CCR.LHC


12.18 CONNECTIONS with the CERN Control Centre

This User System (operator push-buttons) has 2 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	1
	1
	
	CONTROL ROOM
	CIB.CCR.LHC


12.19 CONNECTIONS with THE Safe Machine Parameters SYSTEM

This User System has 2 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	1
	1
	
	CONTROL ROOM
	CIB.CCR.LHC


12.20 CONNECTIONS with THE Software Interlock System

This User System has 2 connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	1
	1
	
	CONTROL ROOM
	CIB.CCR.LHC


In addition to the connection with the CIB.CCR.LHC, another connection will be chosen from one of 17 other BICs, to add redundancy, this is to be confirmed. 
12.21 SAFE_BEAM_FLAG FROM the TIMING System

Safe Beam Flags 1A, 1B, 2A and 2B are connected to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	1
	1
	
	LEFT OF IR1
	CIB.US15.L1

	1
	1
	
	RIGHT OF IR1
	CIB.US15.R1

	1
	1
	
	LEFT OF IR2
	CIB.UA23.L2

	1
	1
	
	RIGHT OF IR2
	CIB.UA27.R2

	1
	1
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	1
	1
	
	SURFACE IR3
	CIB.SR3.S3

	1
	1
	
	LEFT OF IR4
	CIB.UA43.L4

	1
	1
	
	RIGHT OF IR4
	CIB.UA47.R4

	1
	1
	
	LEFT OF IR5
	CIB.USC55.L5

	1
	1
	
	RIGHT OF IR5
	CIB.UJ56.R5

	1
	1
	
	LEFT OF IR6
	CIB.UA63.L6

	1
	1
	
	RIGHT OF IR6
	CIB.UA67.R6

	1
	1
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	1
	1
	
	SURFACE IR7
	CIB.SR7.S7

	1
	1
	
	LEFT OF IR8
	CIB.UA83.L8

	1
	1
	
	RIGHT OF IR8
	CIB.UA87.R8

	1
	1
	
	CONTROL ROOM
	CIB.CCR.LHC


12.22 BEAM_PERMIT to the Beam Dumping System

The Beam Dumping System has two connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	1
	1
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


12.23 BEAM_PERMIT to the INJECTION INTERLOCKS

The Injection Interlock System has two connections to the Beam Interlock System as follows:

	Beam-1 Connection
	Beam-2 Connection
	Both-Beam Connection
	Location
	Controller

	
	
	
	LEFT OF IR1
	CIB.US15.L1

	
	
	
	RIGHT OF IR1
	CIB.US15.R1

	
	
	
	LEFT OF IR2
	CIB.UA23.L2

	1
	
	
	RIGHT OF IR2
	CIB.UA27.R2

	
	
	
	UNDERGROUND IR3
	CIB.UJ33.U3

	
	
	
	SURFACE IR3
	CIB.SR3.S3

	
	
	
	LEFT OF IR4
	CIB.UA43.L4

	
	
	
	RIGHT OF IR4
	CIB.UA47.R4

	
	
	
	LEFT OF IR5
	CIB.USC55.L5

	
	
	
	RIGHT OF IR5
	CIB.UJ56.R5

	
	
	
	LEFT OF IR6
	CIB.UA63.L6

	
	
	
	RIGHT OF IR6
	CIB.UA67.R6

	
	
	
	UNDERGROUND IR7
	CIB.TZ76.U7

	
	
	
	SURFACE IR7
	CIB.SR7.S7

	
	
	
	LEFT OF IR8
	CIB.UA83.L8

	
	1
	
	RIGHT OF IR8
	CIB.UA87.R8

	
	
	
	CONTROL ROOM
	CIB.CCR.LHC


