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Proton Drivers 

• Types of structure
– Linac + Accumulator + Compressor rings
– Linac + RCS + RCS (+ storage ring)
– Linac + RCS + FFAG
– Linac + FFAG

• Major issues
– low (uncontrolled) beam loss
– halo control
– injection/accumulation

• beam chopper
– bunch compression



Possible “show stoppers”

beam chopper
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H¯ Injection/Accumulation



Normalised dispersion Dx/√βx≈1.6 in 
injection dipole

Optics Requirements
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Foil Heating



Laser Stripping

• Ring lattice designed for 
laser stripping injection 
for ESS

• Problems in controlling 
emittance



Linac and Beam Chopper

• EU/FP6 CARE/HIPPI study
– linacs up to 200MeV
– parallel chopper designs under development at RAL and 

CERN
– CERN study leading to LINAC4 (possibly also SPL)
– RAL study for NF and possible ISIS upgrade.



Complete Cycle, Booster RCS



Bunch Compression ~1-2 ns rms
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• High RF Voltage
– Bunch shortens as RF voltage increases during 

adiabatic compression, but only as fourth root of V.
– Required voltage rapidly becomes very large.

• High RF frequency
– Leads naturally to shorter bunches but with small 

longitudinal emittance and high charge per unit phase 
space area.

– Experience of high intensity machines suggests an 
empirical limit of 1-2 x 1012/eV.s for machines which 
pass through transition. However, no theoretical basis 
exists.



Bunch Rotation

• Slow adiabatic decrease of RF voltage to reduce 
momentum spread without emittance increase.

• Rapid increase of RF voltage so that the mis-
matched bunch rotates in ¼ synchrotron period 
into upright configuration.

• Factors of 2 - 4 in compression, but emittance 
growth unless bunch is “used” immediately.



Use of Unstable Fixed Point

• Switch phase of RF 
voltage to unstable fixed 
point to stretch bunch.

• Then switch RF phase 
back to stable fixed point 
so that bunch rotates to 
upright position with 
minimum length.

• Compression factor may 
be distorted by non-
linear voltage regions.

Bunch length: ±12.5 ns (5.6 ns rms)
Momentum spread: ±5.0 x 10-3

Longitudinal emittance: εL ~ 0.7 eV.s
Number of particles per bunch: 2.5 x 1013



Unstable Fixed Point + Separate 
Compressor Ring

• Stretch bunch at unstable 
fixed point (as before, γ<γt, 
volts on)

• Transfer to separate 
compressor ring with γ>γt
for phase space rotation. 
No volts needed.

• Non-linearity problems 
exist but are reduced.



Flexible Momentum Compaction 

• Lattice gymnastics involving frequency slip 
parameter η=1/γt

2-1/ γ2.
• Set η=0 and impose RF voltage to create large 

∆p/p without change in bunch length.

• Switch η back on and bunch will rotate to short 
length.

• Experiment at Brookhaven AGS with transition 
jumping quadrupoles achieved 2.5 ns for 5 x 1012

protons (factor ~3 in compression)



Compression with γ ≥ γt

• Work with γ close to, and 
just above, γt.

• Space charge assists 
compression.

• High RF voltage (1.5 MeV 
at h=8) based on ϕs=180o

• Simulation gives the 
required ~1-2 ns 
bunches but sensitive to 
space charge depression 
of γt.



Bunch Compression in RAL 5 GeV RCS 
Proton Driver 

• γt =6.5, γ = 6.33 at top energy, η=-
0.0013

• Voltages chosen to avoid 
instabilities (microwave: Vsc< 0.4 
Vapplied)

• Model assumes inductive Z///n~5Ω
• During final 500 revs of accelerating 

cycle, an additional h=24 voltage 
system swings in, rising to a peak 
of 500 MV

• Final bunch length =1ns rms,
εL=1.0 eV.s, ∆p/p=1.6%.

• Higher order momentum effects 
need to be taken into account

• Lattice resistant to space charge 
depression of γt for currents of 
~1250 A
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CERN SPL

• 2.2 GeV SPL injected 5 microbunches (352 MHz) 
out of 8 into 140 buckets (44 MHz)  (plot left)

• 5.0 GeV SPL would inject 44 (352 MHz) out of 70 
into 5 buckets (5 MHz).



4MW, 50Hz, 10GeV Proton Driver

180 MeV H¯ linac

Achromatic H¯
collimation line

3 GeV RCS booster
mean radius = 63.788 m

n=5, h=5

10 GeV non-scaling FFAG
n=5, h=40, radius = twice 
booster radius = 127.576 m

Bunch compression for 5 
bunches:

Longitudinal bunch area =
0.66 eV.s

1.18MV/turn compresses to
2.1 ns rms

Add h=200, 3.77MV/turn for
1.1 ns rms



Proton Drivers



Status

• Parameters needed so that comparisons may be made 
with:

– BNL’s scheme of single 25 GeV bunches (15/50 Hz)
– FNAL’s 8 GeV linac, accumulator+compressor scheme
– CERN’s 5 GeV SPL, accumulator+compressor scheme

• Comparable tracking studies required
– injection schemes, foil heating etc
– bunch compression

• How close can these scenarios come to generating the 
preferred pulse structure?



Plans

• Bid submitted for 3 yrs continuation funding to UK/PPARC
• Covers 

– theoretical study of RAL RCS-FFAG 10GeV, 4MW 
proton driver

• Development of FFAG space charge tracking code.
• Injection tracking with space charge in the booster.

• Space charge tracking for booster and driver rings.

– completion of PD front-end test stand
• More substantial bid provisionally submitted to CCLRC for 

high intensity proton “test facility”
– exact details to be agree
– could include an electron model for NFFAG proton 

driver.



Plans (continued)

• Accumulator and Compressor ring for SPL (what 
energy?)
– injection modelling and bunch compression

• Other SPL scenarios
• Continued work on Ruggiero FFAG proton driver
• other:



180 MeV H¯ beam  

RF cavity systems 

Extraction system 

Triplet quads

.

Main dipoles

Low field injection 
dipole

Beam loss collectors

RF cavity systems 

Mean radius = 63.788 m

n = h = 3 or 5



Parameters for 50 Hz, 0.2-3.0 GeV Booster

Number of superperiods 4
Number of cells per superperiod 4 straights + 3 bends
Length of cells 4x14.1+3x14.6
Mean radius 63.788 m

Betatron tunes
Transition gamma 6.57
Energy range 0.18-3 GeV
gamma 1.19-4.197
Main dipole fields 0.185-1.0996 T
Secondary dipole fields 0.0551-0.327 T
Triplet length/quad gradient

Q
v
=6.38, Q

h
=6.30

3.5 m/1.0-5.9 Tm-1


	Proton Drivers
	Possible “show stoppers”
	Hˉ Injection/Accumulation
	Optics Requirements
	Foil Heating
	Laser Stripping
	Linac and Beam Chopper
	Complete Cycle, Booster RCS
	Bunch Compression ~1-2 ns rms
	Bunch Rotation
	Use of Unstable Fixed Point
	Unstable Fixed Point + Separate Compressor Ring
	Flexible Momentum Compaction
	Compression with   t
	Bunch Compression in RAL 5 GeV RCS Proton Driver
	Bunch Compression in RAL 5 GeV RCS Proton Driver
	CERN SPL
	4MW, 50Hz, 10GeV Proton Driver
	Proton Drivers
	Status
	Plans
	Plans (continued)
	.
	Parameters for 50 Hz, 0.2-3.0 GeV Booster


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


