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CONTENT:CONTENT:

Update with our lattice design:Update with our lattice design:

oo Checking the tools: New SYNCH, Checking the tools: New SYNCH, 
COSY,  MAD8,  MADX, TEAPOT.COSY,  MAD8,  MADX, TEAPOT.

oo Promising results from COSY Lattice Promising results from COSY Lattice 
properties properties –– a ring picture.a ring picture.

oo Dynamical aperture @ central energyDynamical aperture @ central energy

oo Longitudinal simulation of the Longitudinal simulation of the 
acceleration with the latest lattice acceleration with the latest lattice 
solutions (Mikesolutions (Mike BlaskiewiczBlaskiewicz).).

oo ConclusionsConclusions
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This is an old slide as a reminder of the the Montauk 99 This is an old slide as a reminder of the the Montauk 99 
presentation:  a relevance to the minimumpresentation:  a relevance to the minimum emittanceemittance
lattice and lattice and muonmuon acceleration lattice.acceleration lattice.

•• The minimum The minimum emittanceemittance lattice requires lattice requires 
reduction of the function  H:reduction of the function  H:
–– The normalized dispersion amplitude corresponds to The normalized dispersion amplitude corresponds to 

the  <H>the  <H>1/2  1/2  !!!!!!
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What are the basic parameters?What are the basic parameters?

•• Required Range of Energies (or Required Range of Energies (or dpdp/p)/p)
–– the “central” energy or momentum the “central” energy or momentum ppoo is in two is in two 

examples presented later set to 10 GEV. The examples presented later set to 10 GEV. The 
acceleration would be possible from 10 acceleration would be possible from 10 GeVGeV up up 
to 20 to 20 GeVGeV..

–– Aperture limitation is defined by the maximum Aperture limitation is defined by the maximum 
value of the DISPERSION function: value of the DISPERSION function: 

•• ∆∆xx < +/< +/-- 30 mm30 mm
•• if the 0.5 <  if the 0.5 <  dpdp/p < 1.5 then:/p < 1.5 then:

•• DDxx < 60 mm< 60 mm

•• Why is the Minimum Why is the Minimum EmittanceEmittance Lattice Lattice 
for the electronic Storage Rings Relevant?for the electronic Storage Rings Relevant?
–– The normalized dispersion amplitude The normalized dispersion amplitude 

Corresponds to the  <H>Corresponds to the  <H>1/2  1/2  !!!!!!
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What was our promise given at What was our promise given at 
the last meeting (BNL editors the last meeting (BNL editors 
meeting):meeting):

•• Construct a lattice where the dispersion will Construct a lattice where the dispersion will 
oscillate between positive and negative oscillate between positive and negative 
values but not exceeding values but not exceeding 6 cm6 cm without without 
opposite bending magnets. opposite bending magnets. 

∆∆xx < D < D dpdp/p = 0.06 * (+/p = 0.06 * (+--0.5) = +0.5) = +--0.03 m0.03 m

•• Make a change in the circumference smaller Make a change in the circumference smaller 
to reduce the RF phase change.to reduce the RF phase change.

•• Try to combine the Try to combine the linaclinac with a single arc.with a single arc.

•• Or make enough room for the cavities Or make enough room for the cavities 
within the ring.within the ring.

•• Longitudinal simulation of the multiple Longitudinal simulation of the multiple 
turns ( 10 turns ( 10 –– 20 turns20 turns) ) 
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The major result: reduced change of the circumference The major result: reduced change of the circumference 
the ‘SYNCH’ result (with Ernie’s combined function the ‘SYNCH’ result (with Ernie’s combined function 

dipole subroutine correction)dipole subroutine correction)
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TEST data for different tools: CyclotronTEST data for different tools: Cyclotron
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TEST data for different tools: CyclotronTEST data for different tools: Cyclotron
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δ x (mm) ∆C  (m) νx βx ηx ξ γ t/νx Dx/Dp Dq/Dp
∆C/2 pi x vy βy

SYNCHF -0.001 -47.55651 -0.1996 0.70816 22.42946 31.67272 -1.05175 0.667991
0 0 0 0.70711 22.50791 31.83099 -1.06066 47.7475 -1.06

0.001 47.93849 0.2004 0.70604 22.58702 31.99104 -1.06978 0.665324

0.049 2974.68381 11.01282 0.64233 27.50639 42.82268 -2.02609 0.589221
0.05 3054.26691 11.27017 0.64065 27.64276 43.14831 -2.06935 80.13792 -1.695 0.587278

0.051 3134.95965 11.52923 0.63894 27.78116 43.48025 -2.11469 0.585313

MAD -0.001 -31.767573 -0.025823726 0.708164 22.429457 31.672708 -1.054916 1.000998 0.129376
0 0 0 0.707107 22.507908 31.830993 -1.06066 1 31.831236 -1.061

0.001 31.894899 0.200040159 0.706042 22.587016 31.991029 -1.066492 0.999 0.998197

0.049 1751.466824 9.963493683 0.642983 27.478961 42.748099 -1.509104 0.948873 0.905378
0.05 1792.329883 13.21546832 0.641328 27.613771 43.069209 -1.523726 0.947765 40.9973295 -1.665 1.173504

0.051 1833.461483 13.57585077 0.639653 27.750549 43.396393 -1.538702 0.946652 1.178461

1
Mathematica -0.001 -31.7676 -0.199602 0.708163 22.4295 31.6727 -1.05276 1 1.000001

0 0 0 0.707107 22.5079 31.831 -1.06066 1 31.83125 -1.0605
0.001 31.8949 0.200402 0.706042 22.587 31.991 -1.06867 1 1.000002

 
0.049 1752.75 11.0128 0.642332 27.5064 42.8227 -1.67705 1 0.999995
0.05 1793.7 11.2702 0.640645 27.6428 43.1483 -1.69725 1 41.09 -1.697 1.000004

0.051 1834.93 11.5292 0.638938 27.7812 43.4802 -1.71796 1 1
COSY -0.01 31.767758 0.708163484 22.45191502

0.051 1834.812428 0.638888733 26.46187649

TEAPOT



TEST data for different tools: CyclotronTEST data for different tools: Cyclotron

9

δ x (mm) ∆C  (m) νx βx ηx ξ γ t/νx Dx/Dp Dq/Dp ∆C/2 pi x vy βy

COSY -0.01 31.76776 0.708163 22.45192 0.706048 22.51917
0.051 1834.812 0.638889 26.46188 0.769257 21.95733

Mathematica -0.001 -31.7676 -0.1996 0.708163 22.4295 31.6727 -1.05276
1 1.000001

MAD -0.001 -31.7676 -0.02582 0.708164 22.42946 31.67271 -1.05492 1.000998 0.129376
0.051 1833.461 13.57585 0.639653 27.75055 43.39639 -1.5387 0.946652 1.178461



TEST data by different tools: CyclotronTEST data by different tools: Cyclotron
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The major result: reduced change of the circumference The major result: reduced change of the circumference 
the ‘MAD’ file resultthe ‘MAD’ file result
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Picture of the ‘MAD’ ringPicture of the ‘MAD’ ring
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BetatronBetatron functions within the two cellsfunctions within the two cells
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A part of the ringA part of the ring
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Two CELLS:Two CELLS:
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BetatronBetatron tunes during accelerationtunes during acceleration
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ChromaticitiesChromaticities during acceleration during acceleration –– Corrected to zero Corrected to zero 
at the central at the central muonmuon energy of 15 energy of 15 GeV GeV 
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The slipping factor The slipping factor ηηηηηηηη during accelerationduring acceleration
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All previous results have a ~1m dipole divided into 100  All previous results have a ~1m dipole divided into 100  
pieces and pieces and quadrupolesquadrupoles divided into 26 and 46 pieces, as divided into 26 and 46 pieces, as 
well they include the first attempt to include the end of well they include the first attempt to include the end of 

the the quadrupolequadrupole fieldfield
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At negative At negative ∆∆∆∆∆∆∆∆pp/p lattice is ‘imaginary /p lattice is ‘imaginary γγγγγγγγtt’’
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MaximaeMaximae of the of the betatronbetatron functions during accelerationfunctions during acceleration
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Maximum of the dispersion function during accelerationMaximum of the dispersion function during acceleration
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A picture tells a story: particle path in the basic cell A picture tells a story: particle path in the basic cell 
during accelerationduring acceleration
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Particle path in one of the recent examples:Particle path in one of the recent examples:
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Simulation of the accelerationSimulation of the acceleration 24
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Conclusions:Conclusions:

27

• The latest results in the FFAG lattice The latest results in the FFAG lattice 
without opposite bends with distributed without opposite bends with distributed 
RF are very encouraging.RF are very encouraging.

•• Present codes MAD and SYNCH should Present codes MAD and SYNCH should 
be checked by either other codes or by an be checked by either other codes or by an 
analytical calculation.analytical calculation.

•• If it is shown that the presented idea is If it is shown that the presented idea is 
really possible the whole muon really possible the whole muon 
acceleration should be redoneacceleration should be redone.


