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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.

1. Scope

This document covers the tests which will be carried-out to condition and validate for operation all the components of the Beam Loss Monitor system in relation with the machine protection system for LHC beam 1 and 2. The area concerned by these tests is the whole LHC ring and the beam dump lines TD62 and TD68. The equipments concerned are ….
2. Purpose

This document 

1. gives a comprehensive list of the components which will be the object of the tests (ionisation chambers, optical link, electronics, BIC, …). 

2. describes in detail the procedures which will be applied for these tests and their sequence.
Each test has in front one of the following letters, 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


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

The BLM system is comprised of some 4000 monitors (3700 Ionisation Chambers and 370 Secondary Emission detector) distributed around the machine. The principle of the system is to measure outside the cryostat the secondaries shower created by protons impacting on the vacuum chamber.  When the signal is over a pre-defined threshold, the BLM system triggers a beam dump to prevent quenches in the cold sections or damage of warm elements.

The derivation of the thresholds is based on a combination of several simulations (loss maps, secondaries shower development, quench level, detector response). The sensitivity diagram of the threshold accuracy is shown on Figure 1.

[image: image1]
To ensure the specified reliability level of the system, some of the tests presented here have to be done regularly (see G. Guaglio PH-D thesis), namely before every fill. 
4. Tests performed during the hardware commissioning
This part describes the tests which are validated during the equipment’s hardware commissioning period and have to be validated also for the machine protection system commissioning. 

4.1 Individual BLM system tests
The LHC beam loss monitors are foreseen to be hardware commissioned during the electronics installation phases. Independent test of each monitor and each channel will be made by AB/BI/BLM to validate the connectivity and the topology of the system. All these tests are referenced in MTF database.
4.1.1 Conditions required to perform tests

· Interconnection of cryostats performed in the sector

· Installation of front-end mini-racks, crates, fan Unit by TF/OF.

· Optical fibre terminations in place by TF/OF
·  BLM detector installed by AB/BI
· ‘daisy-chain’ high-voltage connections installed by AB/BI
4.1.2 Conditions during the tests
Access with radioactive source needed.
4.1.3 Description of the tests
This test is described in more details in the EDMS document (LHC-B-TP-0002.00 rev0.3). The procedure is identical and applied to all detectors and all locations.
	
	Rep.
	Action
	Group(s) Responsible

	1
	N
	Functional tests:
· Test of insulation, correct interconnection and current limits (MTF test 10-BLM)
· Test of high tension distribution, insulation and current limits (MTF test 20-BLM)
	AB/BI

	2
	S
	Current source test:
Check connection of the chamber up to the tunnel card
	AB/BI

	3
	P
	High Voltage modulation test:
Check the connectivity up to the surface card before every fill
	AB/BI

	4
	P
	10 pA test: continuous check of the tunnel electronics
	AB/BI

	5
	P
	Optical line test: continuous check of the connectivity up to the surface card.
	AB/BI

	6
	S
	BLM interlock tests (MTF 30-BLM):
· Initiate the automatic procedure using a portable PC remotely connected to the control network
· initiate acquisition of the 10 pA test and HV modulation

· automatic analyse and display of the results
	AB/BI
AB/CO

	7
	S
	Radioactive source test (MTF 40 BLM):

· Create a signal on the ionisation chamber with the RA source
· Check the presence of signal in the corresponding DAB card
	AB/BI

	8
	P
	Threshold table comparison and channel assignment check
	AB/BI


4.1.4 Status of the system after tests

After these tests, the hardware is fully installed, cables are connected to the monitors, electronics, fibre link and digital acquisition are operational. The logic of the interlocks has been checked and the system is ready to be tested with the beam interlock system.
5. Link to other equipement
The interfaces listed in this paragraph concern only the ones in relation with the Machine Protection System; it does not describe any procedures to test the interfaces to protect individual equipment but only summarise the logic applied in the design. 
5.1 IntErfaceS with the Beam Interlock system
5.1.1 SIGNALS between BLM SYSTEM and Beam INTERLOCK SYSTEM
· The BLM system produces an interlock from each monitor concentrated in 2 User_Permit (one for maskable and one for unmaskable channels) sent to 2 CIBU (maskable and unmaskable) per octant.

· Maskable/unmaskable channels table 
· The “Beam_Info” signal given by the BIS is used in order to ensure that there is no beam before starting the periodic tests.
5.1.2 Conditions and sequence for a beam dump
The User_Permit is changed to FALSE if:
· One of the 12 running sums is over threshold

· The comparison of the thresholds table loaded on the FPGA with the table stored in the database failed

· Failure of one of the periodic test (lost of communication) on any of the channels

· Test mode of the BLMs


[image: image2]
Figure 2: Sequence for a beam dump request from the BLM interlock.
5.2 interface with the beam dumping system
Direct interlocked monitors are the last protection in case of failure of the standard BLM system or of the BIS. There are two monitors per bam, one on the TCDQ and one on the TCSG. The threshold for the beam dump is analog and can only be adjusted with access to the tunnel.
6. System tests during the machine checkout
After the Individual System Tests, described in the previous sections, have been successfully completed, the integral system should be tested from the CERN Control Centre (CCC), simulating as much as possible future operation with beam. 
6.1 Conditions required to perform tests

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

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

· BIS operational

· LBDS operational

6.2 Description of the tests
	
	
	Action
	Group(s) Responsible

	1
	S
	Test beam dump request triggered by signal over threshold for each octant:
· generate interlock
· Measure the delay between detection of “loss over threshold” and the beam dump request
	AB/CO

AB/BT

AB/BI

	2
	S
	Test triggering of the test sequence by the sequencer:
· Verify the time allocated in the sequence
	AB/CO

AB/BI
AB/OP

	3
	S
	Test the change of the threshold value with the beam energy signal
	AB/BI



	4
	S
	Test of the threshold comparison :
· Verify the triggering of the test before every fill

· Verify the triggering of the test after every change of the thresholds table
	AB/CO

AB/BI


6.3 Status of the system after the system tests

After these tests, the complete acquisition system is commissioned for each octant.
7. Tests with beam.

7.1 Pilot of 1(1010 p+ at 450 Gev
	
	
	Action
	Group(s) Responsible

	1
	S
	Test MPS functionnality of the BLM (without quenching):
· Decrease thresholds to very low value

· Create local bump to force a beam dump request with very low level of losses

· Measure delay between signal over threshold and the beam dump : the whole chain from the chamber to the LBDS, via the BIC, is tested
	AB/CO

AB/BI

AB/BT


7.2 43 bunches of 4(1010 p+ at 450 Gev

7.2.1 Conditions required to perform tests

· Stable and known optics : needed to determine the impact position and the lost proton density

· Orbit corrected to 3 mm

· BPM data logging available

7.2.2 Conditions during the tests
Start with the pilot intensity and if not quenching, increasing step by step (to be defined) the intensity up to the quench level.

7.2.3 DESCRIPTION the tests
The test has to be done for one beam.
	
	
	Action
	Group(s) Responsible

	1
	N
	Provoked quench (transient losses)
· Steer the beam in the chosen magnet

· Check level of losses and BLM readings at the quench level

· Repeat for MQM, MQTL, MQ and MB

· 
	AB/CO

AB/BI

	2
	N
	Provoked quench (STEADY STATE LOSSES)

· Create a local bump


	

	3
	N
	Check the quench level in IR7 by steering the beam on the collimator
	

	4
	
	Test the direct interlocked BLM in IR6
	


7.3 156 bunches of 9(1010 p+ at 450 Gev

There is no requirement to perform tests with this beam. 

7.4 pilot of 1(1010 p+ at 7 tev

Redo the provoked quench test?
	
	
	Action
	Group(s) Responsible

	1
	?
	Provoked quench (transient losses)

· Steer the beam in the chosen magnet

· Check level of losses and BLM readings at the quench level

· Repeat for MQM, MQTL, MQ and MB

· 
	AB/CO

AB/BI

	2
	
	Provoked quench (STEADY STATE LOSSES)

· Create a local bump


	


7.5 43 bunches of 4(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

7.6 156 bunches of 9(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

7.7 936 bunches of 4(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

7.8 936 bunches of 9(1010 p+ at 7 tev

There is no requirement to perform tests with this beam. 

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

There is no requirement to perform tests with this beam. 

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

There is no requirement to perform tests with this beam. 

7.11 Stages depending on optics requiring test
Check thresholds level in the LSS? 

7.12 Stages depending on crossing at IP requiring test

There is no requirement to perform tests with different crossing schemes. 
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