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Understand beam power limit 

•  Mechanism of par2cle loss? 

•  Any improvements to push up beam power limit? 
•  Charge distribu2on as we expected? 

–  Dual harmonic rf helps (longitudinal) ? 

–  Pain2ng works (transverse) ? 

2 

ISIS at RAL 
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Code development at RAL 
•  TrackXD (X=1,2,3):     Chris Prior 

•  Set:             Ben Pine, Rob Williamson,
                 Hayley Smith 

•  Simpsons:         Shinji Machida 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Set (1) 

•  1D longitudinal tracker developed by Rob Williamson 
–  PIC space charge solver using FFT or Difference Algorithm. 
–  Injec2on pain2ng including RF steering and variable injec2on
 energy. 

–  Dual harmonic accelera2on and manipula2on. 
–  Numerical checks for stability. 

–  Benchmarked against theory and ORBIT and also against
 published JPARC results. 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Set (2) 

•  2D transverse tracker developed by Ben Pine 
–  FFT based Poisson solver with rectangular boundaries, can
 follow ISIS profiled vacuum vessel. 

– Matrix magnet elements / MAD input. 

–  FEA Poisson solver in development. 

•  Foil sca`ering code developed by Hayley Smith 
– Mul2ple coulomb sca`ering. 

–  Nuclear inelas2c collisions. 
–  Life2me of par2ally stripped states. 
–  Aluminium and carbon foils. 

– Module for foil temperature. 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Set (3) 

•  Features 
–  Set is a C++ par2cle tracker. 
–  Developed by small team using common structures. 

–  Combined code is 2.5D running in parallel using MPI on the
 SCARF cluster at RAL. 

– Mul2‐turn injec2on is being developed, including pain2ng
 in both planes. 

–  In‐house code both increases flexibility of simula2ons and
 fosters prac2cal compu2ng skills. 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Simpsons (1) 

•  2.5‐D space charge model 
–  Transverse space charge force is calculated individually in
 each longitudinal disk (slice). 

•  Poisson solver in cylindrical coordinate system 
– Mode expansion in azimuthal direc2on 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Simpsons (2) 

•  Features 
–  “2me” as an independent variable. 
–  Accelera2on with parameters (B(t), rf(t), bump(t), errors(t))
 given by table. 

– Mul2‐turn injec2on. 
–  Circular beam pipe with no resis2vity. 

–  rms matching rou2ne before start mul2‐par2cle tracking. 
–  Separa2on of macro par2cle and test par2cle. 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Status  

•  Set  
–  S2ll under development, but interes2ng results start
 coming out. 

–  Produc2on runs are expected in a year 2me. 

•  Simpsons 
–  Improvements in field solver. 

–  Toward simula2on of a high power FFAG. 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Code benchmarking and  
beam study 

•  Longitudinal bunch shape (Orbit, Set) 
•  Transverse charge distribu2on (Track2D, Orbit) 
•  Threshold current (Orbit, Set) 
•  Beam loss (Orbit, Simpsons) 

•  Beam loss in linac (TraceWin, Impact) 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Longitudinal bunch shape 
•  Comparison
 between ISIS
 experiment (R) and
 Orbit simula2on
 (B). 

•  W/ and w/o dual
 harmonic rf. 

•  Tomographic
 reconstruc2on with
 BPM sum signals. 

•  Good agreement. 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0 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D. Adams 



Transverse charge distribu2on (1) 
•  During and aker mul2‐turn injec2on with space charge. 

13 

2.5x1013 
ppp ‐0.3m

s 

‐0.2m
s 

‐0.1m
s 

‐0.3m
s 

‐0.2m
s 

‐0.1m
s 

D. Adams, B. Jones 

Low intensity 
 anti-correlated 

High intensity 
 anti-correlated 

High intensity 
 correlated 

H, V                              H, V                 V 



Transverse charge distribu2on (2) 

•  Evolu2on in phase space during mul2‐turn injec2on. 

•  From design report of Proton drive II at Fermilab. 

14 C. Prior 
w/ space charge                      w/o space charge             



Beam loss (1) 

•  Pa`ern in 2me comparing
 ISIS experiment and Orbit
 simula2on. 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Beam loss (2) 

•  Overall loss with
 different
 injec2on
 condi2ons in J
‐Parc experiment
 and Simpsons
 simula2on. 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Threshold current 

•  Experimental study of half integer loss with space
 charge. 

•  ISIS ring in storage ring mode and compare with
 Orbit simula2on. 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Measurement: loss 
appears as predicted by 
coherent theory 
(appears with expected 
driving term) 

C. Warsop 



Beam loss in linac 
•  Beam loss due to ini2al mismatch. 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Model  Control Room 

C. Plostinar 

Major beam loss 
in Tank 1 due to  
mismatch. 



Status  

•  Very good agreement in longitudinal bunch shape
 with space charge w/ and w/o dual harmonic rf. 

•  Good agreement in transverse profile. Space charge
 fills phase space at the centre of a hollow beam. 

•  Fair agreement of beam loss. The more we know
 about the lamce, the more quan2ta2ve agreement
 (J‐Parc RCS). 

•  Linac beam loss is dominated by ini2al beam shape
/distribu2on. 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Future plans 

•  Benchmarking 

– Code vs code 
– Code vs experiment 

•  Inves2gate physics behind 
– Single par2cle behavior 
– eg. iden2fy resonance phenomena 

20 



Comment on “code vs experiment” 

•  Beam experiments in a new accelerator (J‐Parc RCS for
 example) seems to give much cleaner and quan2ta2ve
 comparison because it has all precise informa2on on
 individual lamce component. 

•  Although there were some benchmarking efforts before
 in CERN, GSI, ISIS, Fermilab, etc., simula2on could be
 much more reliable aker comparing with J‐Parc and/or
 SNS experiments. 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•  Thank you for your a`en2on. 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