
Commissioning of the ERL, Stage 2 of the Commissioning Plan 
 
The final layout of the Energy Recovery Linac (ERL) is described in Figure 1.  
 
It is intended that the ERL will be undergo the Accelerator Readiness Review (ARR) 
process in two stages before it commissioned in Building 912.  
 
Stage 1 ARR was associated with the commissioning of the beam path from the gun to 
the beam dump, with the 5-cell SRF accelerating cavity turned off.  During the first ARR, 
the ERL loop magnets and vacuum chamber as well as associated components were not 
addressed.  
 
Stage 2 ARR is associated with the commissioning of the 5-cell cryomodule and ERL 
return loop.  During the Stage 2 ARR, which occurs prior to commissioning approval by 
BHSO, all ERL components will be reviewed for full current and full energy 
commissioning.  The current and energy limits are in the ERL Accelerator Safety 
Envelope (ASE). 
 
After completion of the Stage 2 ERL ARR, receipt of BHSO authorization to commence 
commissioning activities, and subsequent completion of commissioning activities in 
building 912, ERL will be moved to its final location at RHIC IP2.  This will require a 
third stage ARR prior to commissioning at IP2. 
 
Table 1 provides a detailed list of the components shown in Figure 1that are associated 
with the Stage 1 and 2 ARR reviews. 
 

 
Figure 1. Final Layout of BNL R&D ERL at Building 912 

 



The ERL uses a high-current electron beam generated by a laser-photocathode 
superconducting RF (SRF) electron gun. A laser is illuminating a photocathode located in 
the SRF gun to generate the electron beam. 
 
The electron beam is focused and guided by a collection of magnets in an evacuated 
beam pipe. These magnets are energized by power supplies. The shielding accounts for 
all angles of electron beam bending that can be driven by maximum magnet current. 
The operation of the SRF gun and 5-cell SRF cavity is controlled by RF electronics, 
including high-power amplifiers.  After passing through the ERL, the beam is disposed in 
a high-power, water-cooled beam-dump.  
 
The ERL is equipped with beam instrumentation that measures beam current, beam 
location, size, energy and other more specific parameters. The instrumentation also 
includes radiation measurement devices to detect secondary radiation from potential 
beam losses. 
 
The ERL enclosure is shielded by a concrete and steel enclosure designed to attenuate the 
radiation generated by the operation of the ERL. Access into the ERL enclosure is 
controlled by an engineered Personnel Protection System (PPS).  
 
The ERL is equipped with a machine protection system that shuts off the beam, RF 
power or other components to protect the ERL equipment during commissioning.  A 
computer control system governs all the machine parameters and collects data. 
 

Table 1  List of ERL Components Required for Readiness Reviews 
ARR Stage 1 Gun to Dump 
Commissioning Equipment 

Additional ARR Stage 2 Loop 
Commissioning Equipment 
 

Photocathode Laser  SRF accelerating 5-cell cavity 
SRF gun Klystron 50 kW RF amplifier 
High power RF 
amplifier 

Beam 
instrumentation: 
DCCT, Rad 
Monitors, BPM  

Loop beam instrumentation 

Magnets: dipoles, 
solenoids, correctors  

Magnets power 
supplies  

Loop magnets 

Controls Vacuum Pumps Loop magnet power supplies 
Cryogenic system Beam dump Loop vacuum pumps 
Engineered safety 
systems relevant to 
Stage 1 

Cooling water 
system 

Engineered safety systems relevant to 
Stages 1 and 2 

 
The scope of the ERL Stage 2 commissioning activities are as follows: The beam pulse, 
which is generated accelerated in the SRF gun, will be accelerated to higher energy by 
the 5-cell SRF cavity, and then transported through the returning loop back to the 5-cell 
cavity. At the second pass through the 5-cell cavity, the beam pulse will return energy to 



the RF field and decelerate.  This beam pulse will then be transported to the beam dump 
at lower energy and the next beam pulse will enter the 5-cell cavity.  The commissioning 
will be carried out in accord with safety-related assumptions in the Safety Assessment 
Document (SAD) and planned activities will not violate the limits set by the ERL 
Accelerator Safety Envelope (ASE). During commissioning, low current beam will be 
used initially, and once this low current beam is controlled, current will be increased.  
Once moderate current beam is controlled, fault studies will be performed using current 
levels that create measurable levels of secondary radiation.  Fault studies will not be 
performed with high current since radiation measurements can be extrapolated.  After 
fault studies are completed and controls are confirmed, other commissioning objectives 
will be accomplished. 
 


