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Challenges

SNS is the first application of pulsed, proton acceleration 
using a superconducting RF linac 

Aggressive commissioning schedule 
Superconducting Linac in August 2005
Ring in Jan. 2006

Needed reliable stable linac beam to commission the Ring

SRF configuration is a moving target
Need flexible tools
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XAL Infrastructure

Software tools use the Java based XAL infrastructure

Accelerator class hierarchy

Database configuration

Beam Model 
Transverse + longitudinal dynamics
Envelope and single particle tracking capabilities

Lots of sharable tools
High level EPICS communication
Plotting
Database connection
…
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•SCL has 81 independently powered cavities
Many “parts” to keep running
Many values to set w.r.t. the beam
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Warm Linac Tuning RF Phase and Amplitude 
Setting - PASTA

Previous technique used a linear approximation valid near the final 
setpoints.

Phase signature scans involves running a longitudinal tracking model 
for many points along a scan, all within an optimization framework

Scan cavity and 
measure downstream 
beam phases

Analyze data with 
model comparison-
gives RF gradient, 
phase offset, and 
beam energy
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SCL Cavity Amplitudes

Strategy is to run cavities at their maximum safe amplitude limit
Need to be flexible – SRF capabilities change, not near the design
Linac output energy is a moving target

Cavity Design
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Energy Manager Application

Need to find new quad lattice tune for different energies
Matching optimization, quad variables

Scale magnet setpoints based on new energy
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SLACS – App to Set the SCL Cavity Phase

Scan a SRF cavity’s phase and measure 
downstream beam arrival timesMatch measurements with a model – gives beam 
input energy, cavity field and phase information

SLACS – App to Set the SCL Cavity Phase

Scan a SRF cavity’s phase and measure Match measurements with a model – gives beam Keep “spread-sheet” summary of tune-up 
information for all cavities
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Cavity Fault Impact on Beam Arrival Times
for a Proton Linac

Proton beams for high power applications (< 10 GeV) are not fully relativistic and the 
velocity is energy dependent
If a cavity fails, the beam  arrives at downstream cavities later
For SNS if an upstream cavity fails, the arrival time at downstream cavities can be 
delayed up to 5 nsec

This is over 1000 degrees phase setting of an 805 MHz RF cavity
Our goal is to set the cavity to within ~ 1 degree

Cavity:

Cavity:

Arrival
Time:

Arrival
Time:
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Scaling Method for Cavity Fault Recovery

Use beam measurements for original beam arrival times
User inputs changes to the SCL RF setup
Model predicts changes in the beam arrival times (RF phase 
setpoint changes), sends them to the machine and predicts the 
new beam energy 
Takes < 1 second to calculate and apply the new SCL setup

However – we have applied this technique to recover from “events” that 
take hours / days to evaluate and proceed

New cavity phases New Beam Energy
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Fault Recovery Scheme Test

Tested in Spring 2006,  when 11 cavity gradients were lowered, and 
one cavity restored to operations
Spot checks done using phase scans indicate scaling works within a 
few degrees
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Application of the Cavity Fault Recovery 
Scheme

In April 2007 the SCL was lowered from 4.2K to 2 K to facilitate 30 Hz 
operation.
About 20 cavity amplitudes changed.
The fault recovery scheme restored beam to the previous loss state.
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Summary

The SNS Superconducting Linac is operated in a variety of 
configurations

We need flexible software to accommodate this.

Using the XAL framework, a variety of tools are developed to 
set-up and rapidly reconfigure the linac

Cavity phase setting with signature matching
Transverse optics re-matching 
Model based Cavity fault recovery method
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Backups
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Longitudinal Acceleration Modeling (Application 
Programs – Online Model)

Standard drift-kick-drift longitudinal tracking method 
Assume design field profiles throughout the cavity
Transit Time Factor is calculated at each gap, based on a fit of Superfish
calculations
The beam sees a large phase slip from gap to gap as it traverses the cavity 
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SCL Cavity Phase Setup Times are Getting 
Shorter

August 2005: 48 hrs
560 MeV, initial run, > 20 cavities off

Dec. 2005: 101 hrs
925 MeV,  turned on all planned cavities

July 2006: 57 hrs
855 MeV 

Oct 2006: 30 hrs
905 MeV, used established cavity turn 
on procedure

Jan. 2007: 6 hrs
905 MeV, beam blanking used, which allowed all cavities to be on
during the tuning process

The procedures used to setup the superconducting linac 
have matured, and the setup time is now minimal
Still exists a need for fast recovery from changes in the SCL 
setup

Power
cavities on 
sequentially
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SCL Tune-up – Linac Energy Gain is 
Understood and Predictable

Energy gain per cavity is predictable to a few 
100 keV and distributed about 0.

Final energy is predictable to within a few MeV

Predicted - Measured Energy Gain
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Expected Errors from the Scaling Method (I)

Uncertainty in the cavity positions leads to errors in the predicted 
change in phase 
Relative cavity positions are known to a few mm, so < 1 degree error 
is expected from this uncertainty
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Expected Errors from the Scaling Method (II)

Beam Energy (MeV)
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Uncertainty in the energy gain/cavity results in errors in the predicted 
change in cavity phase 
Energy gain is known to within a few hundred keV, so the error from 
this uncertainty is 1-2 degrees
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Test of the Cavity Recovery Method – Single 
Cavity “Failure”

Turned off cavity 7, rescaled the downstream cavity phase setpoints
Downstream cavity phase setpoints changed > 1000 degrees
A beam measurement check with the last cavity showed it was within 1  
degree of the scaled prediction

Turn off cavity 7
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Cavity Fault Recovery Scheme at SNS

Additional applications of the cavity recovery scheme
Missing cryo-module tests to evaluate the impact on beam loss from 
removing entire cryo-modules from service for repairs.
Recovery from a control system failure that resulted in 3 broken cavity 
tuners.

While intended for use in recovering from a single cavity failure, 
the scheme has been used more often to recover from more severe 
situations

Usually takes days to assess the situation, minutes to apply the
recovery scheme
Previously took days to setup the cavities (now ~ 1 shift) with beam 
based measurement techniques

This technique is considered a “standard practice” by now at SNS
Future improvements may include a more automated invocation
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