FFA@CEBAF Working Group|Minutes
Meeting date | time 10/21/2022 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Ryan 

	Timekeeper	Alex B



	Attendees
Alex B, Ryan, Alex C, Donish, Dejan, Stephen, Jay, Kitty, Kirsten, Randika, Vasiliy, Reza


Intro Discussion
 Hello to Donish, welcome! 
Agenda topics
Time allotted | 25 mins | Agenda topic Orbit Merging | Presenter Dejan
· [image: ]
· A different way of matching FFA straight sections. Not the way done first. Phil Meade came up with the idea.
· Left in picture above shows pretty much everything you need to know about matching into the straight section.
· 3 magnets: 10deg, -20deg, 10deg
· Merging of multiple momentum orbits into single orbit with those 3 magnets
· Beam offset contributes to bending
· Differs from adiabatic merging, which slowly changes
· Did this analytically:
· [image: ]
· Bending sector magnet (first magnet)
· [image: ]
· Next magnet does the opposite of the first
· [image: ]
· Can do it with 2 magnets.
· If you care about beta, then you may need more magnets
· You can get exactly the merging of the orbits
· [image: ]
· Applied in FFA
· Not perfect yet – just trial and error, no fitting
· [image: ]
· [image: ]
· Matched in straight section as well
· Not sure got perfect values of beta, but works
· [image: ]
· Using only 3 magnets for this
· Orbits merge
· Proton therapy in this case
· Achromatic from beginning to end
· Symmetric around center point – triplets on each end
· Beta in middle is zero
· CBETA case:
· [image: ]
· Lots of magnets, adiabatic
· Magnets no different than in arcs
· If you move magnets away from each other adiabatically, betas increase
· Another beamline for radiotherapy:
· [image: ]
· Quads in middle
· Beta symmetric in straight section
· 70-230 MeV
· [image: ]
· Not stable for alphas at end
· [image: ]
· Radii equal
· Beta functions – not a periodic solution. Just tracking
· Left not equal to right
· Alex B: So where do we go?
· Combination of adiabatic and triplet?
· Dejan: Definitely need to get from 1-2 m up to 100 m
· How do this in spreaders?
· Splitters will need to do part of this beta matching
· Maybe deamplify from other end?
· All depends on how much room we have. Maybe we don’t need adiabatic merging of orbits. Can do it more shortly with this method.
· We have to make beta functions up to a reasonable value compared to that coming out of the linac
· Jay: Geometry in the existing tunnel will likely constrain us to a more compact method than the adiabatic option.
· Alex B: the adiabatic match may be bent at the ends. So if we can get into 180 degrees with periodic cells, it will work better with coinciding with our present arc footprint
· What’s Vasiliy/Randi’s take on this?
· If we don’t have space for adiabatic matching. This approach looks really attractive. 
· Tried it, but wasn’t successful
· Range of E is +/-30%, but have done 10 – 250 MeV spread as well.
· Dejan: You’ve gotta be close to the solution to start fitting in BMAD. If you apply the main idea given by Phil Meade, you’ll come up with a solution.
· If you start with analytic solution and put it into BMAD, then you’ll be close.
· Need to go LINAC > Spreader > Splitter > Merge
· Stephen: we probably shouldn’t bother with adiabatic matching, since we can handle a lot of the beta control in the splitter
· Will revisit spreaders next meeting to make sure all the values are up to date.
· With BMAD files from Dejan, don’t change the central energy.
· Alex C: changed this for one of the Arcs – wasn’t clear what it was supposed to be.
· Dejan: important parameter, and defines perfectly circular orbit. Best solution is not the highest E on circular orbit. Optimum solution is somewhere in the middle. Manipulate central energy so that the surrounding energies are making about the same amount of SR.
· Can we call this a reference energy?
· Good point.
· Scott B likes a different method
· Dejan does things in different universes. 6 universes WRT reference energy. Does it with MadX-PTC, and other codes.
· Kirsten: how are the SR values coming out of BMAD? 
· When BMAD calculates from reference energy not the actual energy of the beam.
· Have to look at other presentation (excel file)
· Shows this work here in spreadsheet, manually
· Radius in single element
· If just pulling out radiation integrals, ok.
· Stephen: in that file, E-cent determines B-rho, which determines dipole fields.
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic SR Spreadsheet 6-Pass | Presenter Stephen
· [image: ]
· Once sorted central/reference energy, got this.
· SR Loss in volts per cell:
· 4 EM turns, 6 FFA turns
· This is less than Dejan’s
· Estimate SR assuming energy stays same in arc
· Another version looks at the halfway point – small difference
· Almost self-consistent
· Will upload spreadsheet – this is currently most accurate.
· Going to correct detectors? Yes
· 21.95 in A/B/C
· 22.86 in D
· We should re-adjust the magnets to get to 23 GeV
· 10.5 GeV at first FFA, 21 GeV top energy at east end
· Tune limits matter
· Dejan uses 0.04, and beta goes to 15-16 m
· Need to watch beta_y as well
· Highest E no more than 0.38
· Already below 0.4 at the lowest E
· If want adjustability, need larger energy range
· This will require changing the magnetic fields
· Jay: 1000-1100, but if you can to 1050-1100, then that’s what we will have to live with.
· Maybe we can knock more off mag field with some optimizations.
· One might fit 22 into A/B/C if these numbers are right.
· Might need to maintain linacs at a smaller energy range
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Do users know that they’ll have lower current?
· Yes
· Also, dumps will stay limited
· Jay: Septum magnet tech notes
· Present next time?
· [image: ]
· Fractions of sum of field
· [image: ]
· Number of amp turns drop by more than half, can do it with copper!
· No need for SC!
· For each model, the harmonics don’t change much in amplitude. No matter how you do it, the amplitudes of the harmonics are similar. Sextupole different.
· No skew terms on this (up/down symmetry forced)
· Alex: should we be worried about higher?
· Octupole, probably. Higher? Not sure
· If we save money using copper, is the kG on the decapole going to be a problem?
· Will change table so that dipole (cos0) will be 10000 and everything will be in units instead of absolute.
	
	Person responsible	Deadline
	
	
	

	
	
	




Special notes 

Pathway to Repository: https://jeffersonlab-my.sharepoint.com/:f:/g/personal/tristan_jlab_org/EqZ5MeS-nipCgPfZB5p0oS4B9Is67d3nQb9sLJI3Zyev9g

NO MEETING NEXT WEEK!
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section

[modet uni1]

[T Teremny |
tx

Orbit (mm)

-4

uni:1]

D. Trbojevic CEBAF Upgrade October 21, 2022





image8.png
Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Section
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Matching of the Multiple Energy Orbits to the Straight Sectior
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Linac passes  Linac
0 injector
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Table One: Harmonic content in A and C beam paths in units

UNITS aka parts in 1074 of dipole, absolute values used

Cosl Sinl Cos2 Sin2 Cos3 Sin3 Cos4
mean 60.2 T64.6 79.5 46.4 17.4 34.7 8.1
standard deviation 11 7.6 33 0.2 0.1 16 0.8

The number of poles is 2*(N+1) aka cos1 is normal quadrupole, cos2 normal sextapole, etc.

Sin4
0.8
0.2
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Table 1. Fourier harmonics on 1 cm radius circles along electron orbits at specified energies.

energy (MeV) Cos0 Cosl Cos2 Cos3 Cos4 Cos5 Cos6 Cos7 Cos8 Cos9
try6, SC, 9 cm gap 8350 -2715798 -24269 7443 -1298 -93 217 6.3 18 -11 01
try8, SC, 4 cm gap 8350 -2664172 20671 13606 4985 663  -329.0 -218.9 -40.8 11.2 10.2
try10, Cu, 4 cm gap 8350 -2662116 22852 15160 5757 945  -262.7 -220.2 -52.0 5.8 104
try6, SC, 9 cm gap 9450 -2799159 -20160 -6400 -1216 -129 4.1 21 1.0 -14 -0.1
try8, SC, 4 cm gap 9450 -2760532 12670 8888 3848 974 38.4 -94.3 -46.4 -12.0 0.6
try10, Cu, 4 cm gap 9450 -2758108 13977 9782 4289 1144 88.3 -82.8 -44.2 -12.4 -0.6
try6, SC, 9 cm gap 10550 -5370076 -10664 -3593 -762 -115 -10.3 29 -0.2 -1.7 -0.1
try8, SC, 4 cm gap 10550 -56353327 3041 2056 1022 365 97.2 14.4 -0.9 27 0.5
try10, Cu, 4 cm gap 10550 -5352134 3328 2272 1122 397 107.7 17.3 -11 -17 -0.3
try6, SC, 9 cm gap 11650 -5549161 -9434 -3216 -692 -108 -10.9 -35 -0.2 -15 -0.4
try8, SC, 4 cm gap 11650 -5535545 2282 1468 734 268 73.8 132 14 2.4 -1.1
try10, Cu, 4 cm gap 11650 -5532448 2472 1628 815 292 80.4 138 2.2 -12 -1.9
try6, SC, 9 cm gap 12750 -5354037 -36 -112 -14 -7 -0.2 -1.6 -0.2 -0.9 0.1
try8, SC, 4 cm gap 12750 -5355188 271 13 1 -3 -11 05 05 -0.3 -0.4
try10, Cu, 4 cm gap 12750 -5354043 282 7 -3 -2 -0.4 13 0.8 -1.0 -0.3
try6, SC, 9 cm gap 13850 -5535208 14 -93 -10 -6 -0.2 -18 0.2 -0.8 -0.2
try8, SC, 4 cm gap 13850 -5537246 269 15 2 -2 -0.9 0.7 03 -1.8 -0.5
try10, Cu, 4 cm gap 13850 -5534151 289 10 -1 -3 -33 18 2.6 11 -1.3
try6, SC, 9 cm gap 14950 -5354066 618 -197 44 -10 12 -1.6 01 -0.7 0.0
try8, SC, 4 cm gap 14950 -5355209 185 13 -3 1 -0.4 -1.8 -13 12 0.7
try10, Cu, 4 cm gap 14950 -5354040 183 9 1 3 1.0 -1.7 -1.1 0.8 0.8
try6, SC, 9 cm gap 16050 -5535609 766 -249 56 -12 16 -1.9 03 -0.7 0.2
try8, SC, 4 cm gap 16050 -5537395 167 16 -4 2 -13 0.1 18 -0.2 -1.4
try10, Cu, 4 cm gap 16050 -5534283 172 6 3 4 23 0.2 0.4 -1.9 0.3
try6, SC, 9 cm gap 17150 -5356328 2370 -790 174 -30 37 -25 0.2 -1.0 0.1
try8, SC, 4 cm gap 17150 -5355097 11 103 -46 15 -33 0.5 -13 -0.3 0.4
try10, Cu, 4 cm gap 17150 -5353931 -15 144 -57 18 -6.6 -2.3 0.7 13 -0.9
try6, SC, 9 cm gap 18250 -5539595 3654 -1215 263 -44 5.0 -2.5 0.2 -11 0.1
try8, SC, 4 cm gap 18250 -56537193 -196 237 -111 39 -12.9 16 0.8 -0.2 0.0
try10, Cu, 4 cm gap 18250 -5534050 -292 305 -132 47 -15.3 20 23 -1.2 -0.9
try6, SC, 9 cm gap 19350 -5363035 7015 -2303 483 73 6.7 -3.0 03 -13 0.2
try8, SC, 4 cm gap 19350 -5354307 -1107 902 -435 150 -37.6 38 0.3 -2.0 0.4
try10, Cu, 4 cm gap 19350 -5352955 -1394 1072 -498 171 -45.7 7.4 0.7 -2.6 03
try6, SC, 9 cm gap 20450 -5553188 12728 -4063 800 -101 33 -0.9 -0.4 -1.9 0.4
try8, SC, 4 cm gap 20450 -5534395 -4223 3054 -1355 388 -54.5 -15.6 9.9 -4.1 -0.1
try10, Cu, 4 cm gap 20450 -5530659 -5025 3539 -1558 452 -72.5 5.6 8.6 5.2 01
try6, SC, 9 cm gap 21550 -6377752 16702 -5268 1005 -113 -15 0.8 -0.8 -15 0.2
try8, SC, 4 cm gap 21550 -5350096 -7087 4940 -2049 481 7.1 -45.6 175 -4.5 -0.7

try10, Cu, 4 cm gap 21550 -5348012 -8267 5682 -2370 596 -45.4 -37.1 18.1 -1.9 -2.5
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First Original Matching of the Multiple Energy Orbits to the Straight Section

Philip F. Meade, IEEE Transactions on Nuclear Science, Vol. NS-30, No. 4,

August 1983
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The gradient in the positive magnets
is comparable to that in the FFAG at the peint
of insertion. That in the negative magnes is smal-
ler thereby causing the equilibrium orbits for
different momenta tc move tcgether. The difference
in rigidity causes an immediate momentum separa-
ticn at the ends of the central drift space.
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