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Design of Design of 
an Accumulator, Storage Ring an Accumulator, Storage Ring 

(and Synchrotron)(and Synchrotron)
•• Experiment (Steffen):Experiment (Steffen):

-- high beam qualityhigh beam quality
-- internal experiments internal experiments 
-- large energy rangelarge energy range

•• State of the Art TechnologyState of the Art Technology
-- phase space coolingphase space cooling
-- internal targets internal targets -- polarizedpolarized
-- design toolsdesign tools
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Experimental Requests to Experimental Requests to APRAPR

•• Energy   injectionEnergy   injection 50 MeV50 MeV
maximummaximum 350 MeV350 MeV

•• Internal experimentsInternal experiments
bright beam ~ 10 mm * 250 mradbright beam ~ 10 mm * 250 mrad
phase space coolingphase space cooling
long life time ~ 10 h  ( 10 min ) long life time ~ 10 h  ( 10 min ) 
polarisationpolarisation

•• Extraction Extraction -- injectioninjection
precise extraction precise extraction -- low losseslow losses
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Internal vs. External Internal vs. External 
ExperimentsExperiments

•• InternalInternal

•• All particles in the All particles in the 
ring hitting the target ring hitting the target 
every turnevery turn

•• Target heating Target heating 
corrected by coolingcorrected by cooling

•• Each particle is used Each particle is used 
for the experimentfor the experiment

•• ExternalExternal

•• One particle One particle 
out of ~ 10out of ~ 106 6 is used is used 
for the experimentfor the experiment
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Internal Experiments  Internal Experiments  

•• GasGas--, cluster , cluster --, fiber , fiber --,  foil ,  foil -- targetstargets

•• Requested spaceRequested space 5 * 2 * 2 m5 * 2 * 2 m33

•• Matching of beam to targetMatching of beam to target

•• MaximiseMaximise luminosityluminosity

•• Definition of dispersionDefinition of dispersion
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High Beam QualityHigh Beam Quality

•• Beam diameter Beam diameter < 10 mm< 10 mm

•• FluxFlux 101088,..., 10,..., 101111
ppbppb

•• Flux variation in timeFlux variation in time < 10 %< 10 %

•• Momentum spreadMomentum spread ~ 10~ 10--33

•• Adjustable optics at experimentAdjustable optics at experiment
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Event rate = Event rate = 
Luminosity * cross sectionLuminosity * cross section
accelerator   physicsaccelerator   physics

•• Luminosity =Luminosity =
particles per second * atoms per cmparticles per second * atoms per cm22
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Maximize luminosityMaximize luminosity
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Maximum Maximum luminosityluminosity
by maximum by maximum brilliancebrilliance

•• Ion source defines final brillianceIon source defines final brilliance

•• Charge exchange injection multiplies Charge exchange injection multiplies 
brilliance ( COSY 800 ) by increase of the brilliance ( COSY 800 ) by increase of the 
phase space densityphase space density

•• Phase space cooling rises brilliance by Phase space cooling rises brilliance by 
reducing area ( beam )reducing area ( beam )
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F.O.M. = PF.O.M. = P22 * I    * I    -- Filter Filter methodmethod
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Design tools Design tools -- opticsoptics
•• Separated function latticeSeparated function lattice

bending separated from focusingbending separated from focusing

•• Injection by charge exchange and stackingInjection by charge exchange and stacking

•• Extraction on resonance (ultra slow, COSY)Extraction on resonance (ultra slow, COSY)
or by kickeror by kicker--septumseptum

•• cost optimized designcost optimized design
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Lattice Lattice -- separated functionsseparated functions

•• FF--DD--DD--FF
DD--FF--FF--DD

•• Elliptic beamElliptic beam
more economicmore economic
less powerless power

•• Adjustable opticsAdjustable optics

•• FF--D     FODOD     FODO
TripletTriplet

•• Circular beamCircular beam
higher operation costhigher operation cost
lower complexitylower complexity

•• Simple operationSimple operation
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APR APR latticelattice
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Design tools Design tools -- space charge problemsspace charge problems

•• Emittance shrinks by coolingEmittance shrinks by cooling

•• Optics Optics optimisedoptimised for coolingfor cooling
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Design tools Design tools -- space charge tune shiftspace charge tune shift
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Design tools Design tools -- extractionextraction

•• Single turn extraction  (APR, CSR, HESR)Single turn extraction  (APR, CSR, HESR)
fast kicker magnet + dc septum magnetfast kicker magnet + dc septum magnet

•• Ultra slow extraction ( COSY )Ultra slow extraction ( COSY )
-- excite resonance by 6excite resonance by 6--poles (3. order)poles (3. order)
-- move beam by noise to resonancemove beam by noise to resonance
-- unstable particles get little kick ~2mrad      unstable particles get little kick ~2mrad      

in the electrostatic septum (ES)in the electrostatic septum (ES)
-- extracted finally by dc septum magnetextracted finally by dc septum magnet
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Extraction Extraction --
electrostatic septumelectrostatic septum

•• Maximum kickMaximum kick ϑϑES ES ~ 3 mrad~ 3 mrad

•• Length ~ 1 mLength ~ 1 m

•• Reliable EReliable E--fieldfield ~ 10 MV/m~ 10 MV/m
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Extraction Extraction --
magnetic septum (MS)magnetic septum (MS)

•• Separation in radial directionSeparation in radial direction

∆∆xx ~ 30 mm~ 30 mm

•• Minimum fringe field seen by the Minimum fringe field seen by the 
circulating beam in MScirculating beam in MS

ES MSx sin( )∆ = β ⋅β ⋅ ψ
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SeptumSeptum datadata

•• GapheightGapheight 34.734.7
mmmm

•• Beam radius maxBeam radius max 2020
mmmm

•• BB--field max (gap) field max (gap) 0.6360.636 TT

•• BB--field max (yoke) field max (yoke) 1.51.5 TT

•• good field regiongood field region 2020 mm

•• Field quality dB/B Field quality dB/B 0.0010.001

•• Magnet strength Magnet strength 2.2242.224 TmTm

•• Effective field lengthEffective field length 3.5003.500 m m 

•• Length of steel bodyLength of steel body 3.4713.471 mm

•• Length totalLength total 3.8413.841 mm

•• Horizontal size totalHorizontal size total 0.2470.247 mm

•• Vertical size totalVertical size total 0.3310.331 mm

•• Total weight Total weight 2.0172.017 tt

•• Number of coils Number of coils 22

•• BB--field ramp ratefield ramp rate 0.0310.031 T/sT/s

•• BB--field rise time field rise time 2020 ss

•• Pulse rep. ratePulse rep. rate0.10.1 HzHz

•• ResistanceResistance per per magnetmagnet 0.01150.0115 Ohm @ 20degOhm @ 20deg

•• CurrentCurrent ((maxmax)) 14351435 AA

•• Voltage per Voltage per dipoledipole 16.516.5 VV

•• Driving voltageDriving voltage 121121 VV

•• InductivityInductivity 2.762.76 mHmH

•• Power per magnetPower per magnet 2424 kVAkVA

•• Copper conductor specsCopper conductor specs

•• Current density return coilCurrent density return coil 22 A/mm^1A/mm^1

•• Current density knifeCurrent density knife 1818 A/mm^2A/mm^2

•• Copper layers Copper layers horhor.. 22

•• Copper layers Copper layers vertvert.. 33

•• Insulation thickness Insulation thickness 0.50.5 mmmm

•• thicknesthicknes ground insulationground insulation 11 mmmm
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Cost optimized design ( Chris )Cost optimized design ( Chris )

•• Design optics:Design optics:
-- small gap in dipole magnetssmall gap in dipole magnets

power ~ gappower ~ gap22

-- keep maximum field low: B~1Tkeep maximum field low: B~1T
Vol. iron ~ length *  areaVol. iron ~ length *  area

~ 1/B~ 1/B *  B*  B22

~ B ~ B 
lower fieldlower field--> lower cost> lower cost--> larger > larger accelaccel. !. !
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Challenges of future storage ringsChallenges of future storage rings
•• Phase space coolingPhase space cooling

•• Large acceptance e. g. APRLarge acceptance e. g. APR

•• Beam life time Beam life time 

•• Reliability, availabilityReliability, availability

•• LossesLosses

•• Cost Cost optimisationoptimisation

•• Investment and operationInvestment and operation
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TheThe ChallengeChallenge: PAX and HESR: PAX and HESR
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Questions to be answered in the proposalQuestions to be answered in the proposal

•• FeasibilityFeasibility

•• Qualify state of the art Qualify state of the art 

•• Qualify R&DQualify R&D

•• CostsCosts

•• Reliability, availabilityReliability, availability

•• Man powerMan power

•• OperationOperation


