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18.5.nn    ERL: Loop Commissioning Sequence

1. Purpose

1.1	The purpose of this procedure is to provide the sequence of activities during ERL: loop commissioning. This document outlines the operating conditions of the ERL at each step of commissioning, but may not outline the specific commissioning tasks that should be performed at each step. This document also provides radiological safety guidance and establishes hold points for safety reviews prior to progression to the next commissioning step.
This procedure applies to all personnel involved in commissioning of the ERL.

1.2	Definitions
· Integrating Current Transformer (ICT): Device BTS-ICT2, which measures the total charge in the electron beam pulse.
· DC Current Transformer (DCCT): Device, which measures direct current (DC).
· Beam position monitor (BPM): Nonintrusive device, which measures position of the beam inside the vacuum chamber. 
· Quantum Efficiency (QE): Quantum efficiency of cathode.

2. Responsibilities

2.1	ERL Project Leader 
· Determines if beam parameters are of sufficient quality.
2.2	ERL Operations Coordinator
· Provides administrative support and oversight for commissioning activities.
· Serves as a liaison between the ERL project and C-A.
	2.3	ERL Shift Leader
· Commission ERL gun-to-dump transport lines within the operating envelope established by the ERL operating procedures. 
· Deliver beam from the gun to the beam dump.
2.4	RCD Representative
· Review surveys and dose number obtained via his RCTs.
2.5	Chair of C-AD RSC     
· Review and approval each step of commissioning sequences.
· Recommend next step of commissioning in terms of intensity and transport line configuration.
2.6	Head of C-AD ARDD 
· Approves progression from each step in the commissioning sequence.
2.7	C-AD Physicists, Engineers and Technical Staff
· Operate and maintain the systems for which they are responsible.
· Provide guidance to, and assist the, ERL Project Leader and ERL Shift Leader in operating the accelerator subsystems.

3. Prerequisites
3.1	DOE onsite office authorizes initial commissioning.
3.2	The RSC check-off list must be complete before any beam operations are started. Supplements or new check-off lists must be complete before tests progress.
3.3	The ASSRC check-off list must be complete.
3.4	Minimum number of personnel necessary to staff the experiment has been trained.
3.5  	ERL SRF gun to dump commissioning at low current has been completed
3.6	Each system leader has indicated that their system is ready for operations:
· Instrumentation
· Controls
· Water
· RF 
· Cryogenics
· MPS
· Laser


4. Precautions
4.1	Only the ERL Shift Leader is permitted to operate the ERL with beam.
4.2	Beam average current above 5 A could damage the vacuum chamber. Beam average current shall be limited by the laser power and ICT interlock during the first stages of commissioning before stable operation is established.
4.3	Subsystem experts can operate the equipment for which they are responsible. They shell perform machine studies only with the knowledge and approval of on-duty Shift Leader. 
4.4	The actual sequence of the commissioning activities and steps described in this procedure are contingent on the actual state of the ERL observed during commissioning and may be modified and/or determined unnecessary.
4.5	Performing fault studies and Hold Points shall not be skipped.
5. Procedure
5.1	SRF Gun and 5cell Beam Commissioning
Warning
Average beam power should be limited as low as practically possible. Beam energy is limited by gun voltage with current measured by ICT. First injection line dipole is off.


The objective of this phase is establishing stable operation of SRF gun and 5cell with beam.
5.1.1	The ARD Division Head with concurrences from the ESSHQ Division Head gives ERL Project Leader permission to proceed with commissioning.

5.1.2	Establish stable operation of Gun to Dump (OPM  18.5.8 ) with 1 uA current. 

5.1.3	Turn on 5cell SRF cavity at 10 MV accelerating voltage.

5.1.4	Scan 5cell SRF cavity phase until beam observed at downstream beam profile monitor.

5.1.5   Conduct energy measurement vs RF phase. Set RF phase phase correspondent to maximum energy.

5.1.6  Setup main loop dipoles current and other magnets current based on energy measurements. 

5.1.7 Transport beam through the first half loop. Observed beam on the beam profile monitor in straight section.

5.1.8 Conduct beam quality measurements using quadruples in straight line and in the first half of the loop (quadruple scan, dispersion scan)  
 

5.1.9	Transport beam through the second half of the loop back to the 5 cell cavity (using  correctors and monitoring BPM signal ).

5.1.10  Measure extraction energy using extraction line BPM and beam profile monitor. 

5.1.11  If extraction energy is not equal to injection energy then returning  path length should be adjusted using trombone. 

5.1.12 Measure extraction current by DCCT and Beam dump current. Minimized beam losses by adjusting correctors along the beam line.

5.1.13	Measure charge out of gun as a function of gun-to-laser phase. Based on measurements results select phase of gun operation. 

5.1.14	Establish stable electron beam from the gun through ERL to beam dump.

5.1.15	Conduct fault studies.Caution
Hold point: examine radiation levels and implement any adjustments required to go to the next phase; examine with RSC Chair if the dose rates are understood.




5.2	High intensity studies
The objective of this phase is to demonstrate stable ERL operation at minimum 
30 mA average current.
5.2.1	Establish ERL operation at 1 A beam current (20 Watts power).
5.2.2	Adjust beam optics and correctors to minimize beam losses.
5.2.3	Establish 5 A beam current (100 Watts power).
a. Check beam losses. If necessary, correct orbit to reduce beam losses in injection then extraction line. Compare ICT and DCCT signals.
b. Check beam dump performance. If necessary, adjust optics in extraction line to provide more equal beam distribution in beam dump.
c. Conduct radiation studies around beam line.
d. Examine dose from dump and on roof if possible.
e. Conduct fault studies.
5.2.4	If radiation levels have been detected outside the shield they can be used to estimate the escalation to higher dose rates.

Caution
Hold point: examine radiation levels and implement any adjustments required to go to the next phase; examine with RSC Chair if the dose rates are understood. Fault studies plan for the next power levels has to be developed due to very limited location available for beam losses. 



5.2.5	Establish 500 A ERL operation  (1 kW to dump).
a. Check beam losses. If necessary, correct orbit to reduce beam losses in injection then extraction line. Compare ICT and DCCTs signals.
b. Check beam dump performance. If necessary adjust optics in extraction line to provide more equal beam distribution in beam dump.
c. Conduct radiation studies around beam line.
d. Examine dose from dump and on roof if possible.
e. Conduct fault studies based on RSC chair and Project Leader recommendations.Caution
Hold point: examine radiation levels and implement any adjustments required to go to the next phase; examine with RSC Chair if the dose rates are understood.



5.2.6	If radiation levels have been detected outside the shield they can be used to estimate the escalation to higher dose rates.
5.2.6	Establish 5 mA ERL operation (10 kW gun to dump.)
a. Check beam losses. If necessary, correct orbit to  reduce beam losses in injection then extraction line. Compare ICT and DCCTs signals.
b. Check beam dump performance. If necessary adjust optics in extraction line to provide more equal beam distribution in beam dump.
c. Conduct radiation studies around beam line.
d. Examine dose from dump and on roof if possible.
e.  Conduct fault studies based on RSC chair and Project Leader recommendations.Caution
Hold point: examine radiation levels and implement any adjustments required to go to the next phase; examine with RSC Chair if the dose rates are understood.



5.2.7	If radiation levels have been detected outside the shield they can be used to estimate the escalation to higher dose rates.
5.2.8	Establish 30 mA ERL operation (60 kW to dump.)
a. Check beam losses. If necessary, correct orbit to reduce beam losses in injection then extraction line. Compare ICT and DCCTs signals.
b. Check beam dump performance. If necessary adjust optics in extraction line to provide more equal beam distribution in beam dump.
c. Conduct radiation studies around beam line.
d. Examine dose from dump and on roof if possible.
e.  Conduct fault studies based on RSC chair and Project Leader recommendations.Caution
Hold point: examine radiation levels and implement any adjustments required to go to the next phase; examine with RSC Chair if the dose rates are understood.



5.2.9	If radiation levels have been detected outside the shield they can be used to estimate the escalation to higher dose rates.
5.2.10	Conduct cathode life time study.

6. Documentation
	ERL Experimental Logbook	

7. References
None


8.	Attachments
None
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