FFA@CEBAF Working Group|Minutes
Meeting date | time 10/14/2022 | 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, Dejan, Kirsten, Alex C, Andrei, Jay, Kitty, Randika, Scott, Stephen, Vasiliy, Reza


Intro Discussion
 Dejan/Alex discussion about layout. No orbit matching before FFA arcs after splitters, with no adiabatic section.
Scott: Limited space. Want small beta functions due to matching. Need more space with higher beta function. Adiabatic transition takes up a lot of space. Matching in splitters doesn’t turn out to be difficult part. Only case want adiabatic transition, two corners with splitters and two corners with adiabatic transition. But our default setup should be splitters in 4 corners. If that’s easy, and we have headroom, maybe then do adiabatic transition.
Dejan: look at length available, know where it is in the tunnel. How much space to we have until the arc?
Agenda topics
Time allotted | 25 mins | Agenda topic New Baseline | Presenter Alex B
· Baseline is clear:
· 6 pass FFA with single FFA going to 22 GeV
· JLab Costing with engineering, etc…
· +/- 20% costing for both options (2 FFAs to 24 GeV)
· Reasonable for simplicity and cost effectiveness, as well as user indication: 22 GeV is fine
· Stephen will “massage” magnet design accounting for 6 passes, SR loss, minimizing size, etc…
· Will also account for energy losses, etc…
· Optimize E and W arcs separately
· Need to know energy tunability as a percentage
· Jay: if possible, assume 1000 MeV and 1100 MeV
· Equivalent of extra half turn.
· Stephen will revisit and see what is feasible, etc…
· Ideally, the users want continuous tunability
· Which need tunability, where extracted, and energy range?
· Alex C – what’s the minimum acceptable E to the users would be?
· Jay: Hall C only looked up to 20 GeV (likely only a little more in A/B)
· SR radiation means you only have 8-sigma in beam pipe.
· Workshop looking at 22 GeV
· Options
· 20 to A/B/C, 21 to D
· 22 to A/B/C, 23 to D
· We start at baseline, and re-investigate if needed.
· If Stephen could revise the spreadsheet with 6 passes in 1 FFA arc, that would be useful
· Dejan: Need dynamic aperture study
· Stephen: Not DA, but energy spread
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic SR Emit. Dilution | Presenter Kirsten
· Let’s put numbers in the discussion. 
· “New Problems with BMAD” – there was an update that broke a few things.
· Particles gain energy in FFA! (HA!)
· keV level gain
· Running with one version, behaving
· Updated, and particles gain energy in arc
· [image: ]
· [image: ]
· Radiation numbers about the same as before. But the particle tracking is broken.
· [image: ]
· Bottom line (starting with 2.23E+10) can be ignored (for comparison)
· Radiation integrals side is “more correct” version of things.
· Lose about 1 GeV overall (from Rad Int).
· Emittance takes off in second half, but similar to before
· Last time, likely better (2 FFA case)
·  [image: ]
· Energy spread on order of 1E-3 – a lot
· Last time, it was 8E-4 – better, but not low
· Less energy loss
· SR Loss was one reason we went to 2 FFAs in the first place, so not surprising.
· Current numbers, don’t trust tracking:
· [image: ]
· Seems to behave significantly better, if you believe the particle tracking
· Order of magnitude lower, so highly suspicious.
· 110 vs 60 if using radiation integrals
· 1E-3 vs 4E-4 comparing
· Energy loss seems a bit low on tracking
· Believe the integrals for now
· Will sort out tracking problem(s)
· Other question that came up:
· [image: ]
· Beta w and w/o SR loss
· Do the initial Twiss need to be different?
· Stephen: I wouldn’t worry about this yet. 
· Scott: beam energy changes really slowly, and it’s low enough compared to betatron oscillations, it sort of adiabaticly matches.
· Stephen: will be nasty with magnet errors and energy spread at the same time.
· Déjà vu for Jay/Alex: when doing 12 GeV we start seeing noticeable SR losses
· Considered doing something with power supplies to adjust
· Jay: we put in SR coils which added to the dipole field at front of arc, subtracted from the end of the arc, in every magnet in Arcs 8/9/10
· We never actually used them! Detailed analysis said where to put them
· Analysis ignored, put in non-ideal places
· Corrector strengths could accommodate.
· Based on last set, assume radiation integrals are in the right ballpark – can we live with it?
· Alex B – pretty consistent with fixed radius calculation
· Jay – if this is real at 22 GeV, and 1.8 m, then 2.2 m sigma, and 10 sigma in beam pipe (without steering allowance)
· Dejan – total of ~958 MeV loss
· Kirsten gets 1.23 GeV for 180 degrees (104 cells) from radiation integrals
· Dejan – 180 degrees is fine without adiabatic matching section
· Alex B – elegant can be used to check this as well
· Kirsten – possible to put FFA into elegant, can try a spot check while attempting to sort out the particle tracking in BMAD
· If a matter of running Dave’s translation script, shouldn’t be problem
· Know enough to get around
· Yves is also an elegant expert, so could reach out if needed.
· Assume radiation integral numbers are not precise, but right ballpark.
· Any alterations will then require update
· Kirsten will be making bug report and sending to Dave
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· [image: ]
· Not so good.
	
	Person responsible	Deadline
	
	
	

	
	
	




Special notes 

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

* My previous budget, the two methods produced numbers in the same ballpark — that's
not the case here

» Updated BMAD while trying to sort out problem, now beam is gaining energy in the FFA
— also memory problems and core dumps

« Radiation integrals are probably more correct
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Spreadsheet Results

Energy

(ev)
1.06E+10
1.06E+10
1.16E+10
1.27E410
1.38E+10
1.49E410
1.60E+10
1.71E+10
1.82E410
1.92E410
2.03E+10
2.13E410
2.23E410
2.23E410

Radiation Integrals

Energy Loss Energy Spread Norm Emit Norm Emit Growth Accumulated
Relative Spread !/ arc (eV)

/ arc (eV)

1.88E+07
2.06E+07
2.25E+07
2.53E+07
3.03E+07
3.97E+07
5.62E+07
8.29E+07
1.24E+08
1.82E+08
2.62E+08
3.68E+08
3.60E+06

1.23E+09

/ arc (eV)

1462147.28
1635952.411
1751294.488
1845490.454

2044513.78
2571810.036
3624238.139
5263403.847
7502754.764
10349165.92
13838793.06
18024730.18
1786880.974

(m-rad)
5.10E-05
5.10E-05
5.11E-05
5.11E-05
5.12E-05
5.14E-05
5.17E-05
5.24€E-05
5.41E-05
5.78E-05
6.59E-05
8.19E-05
1.11E-04
1.12E-04

/ arc (m-rad)

1.60E-08
3.95E-08
7.11E-08
1.09€-07
1.65E-07
3.06E-07
6.90E-07
1.66E-06
3.78E-06
8.11E-06
1.60E-05
2.95E-05
2.92E-07

6.04E-05

2.00E-04
2.43E-04
2.61E-04
2.75E-04
2.87E-04
2.99E-04
3.22E-04
3.68E-04
4.51E-04
5.78E-04
7.49E-04
9.64E-04
1.22E-03
1.22E-03

Tracking

Energy Loss Norm Emit Norm Emit

4

1.29E+06
1.05E+06
1.87E+06
4.14E+06
2.09E+07
1.50E+07
2.45E+07
3.74E+07
5.40E+07
7.47E+07
9.95E+07
1.29€+08
1.25E+06

4.63E+08

(m-rad)
5.10E-05
5.10E-05
5.10E-05
5.11E-05
5.13E-05
5.16E-05
5.21E-05
5.28E-05
5.38E-05
5.50E-05
5.69E-05
5.92E-05
6.26E-05
5.93E-05

Growth (m-rad)

1.26E-08
2.15E-08
8.02E-08
2.08E-07
2.89E-07
5.28E-07
7.10€E-07
9.11E-07
1.29€-06
1.83E-06
2.37E-06
3.40E-06
4.83E-08

1.16E-05

Accumulated

Relative Spread
2.00E-04
2.19e-04
2.18E-04
2.27€-04
2.39E-04
2.57E-04
2.77€-04
2.97E-04
3.23E-04
3.49E-04
3.75E-04
4.04E-04
4.32E-04
3.86E-04
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Spreadsheet Results

Radiation Integrals Tracking

Energy  Energy Loss Energy Spread Norm Emit Norm Emit Growth Accumulated  Energy Loss Norm Emit Norm Emit Accumulated

(ev) /arc(ev) /arc(eV) (m-rad) / arc (m-rad) Relative Spread :/arc(eV)  (m-rad) Growth (m-rad) Relative Spread
1.06E+10 5.10E-05 2.00E-04 5.10E-05 2.00E-04
1.06E+10 188E+07  1462147.28  5.10E-05 1.60E-08 243604  129E+06 5.10E-05 1.26E-08 2.196-04
1.16E+10 2.06E+07 1635952.411  5.11E-05 3.95E-08 2.61E-04  105E+06 5.10E-05 2.15E-08 2.18E-04
1276+10 2.25E+07 1751294.488  5.11E-05 7.11E-08 275604  187E+06 5.11E-05 8.02E-08 2.27€-04
138E+10 2.53E+07 1845490.454  5.12E-05 1.09€-07 2.87E-04  4.14E+06 5.13E-05 2.08E-07 2.39E-04
149E+10  3.03E+07  2044513.78  5.14E-05 1.656-07 2.99E-04  2.09E+07 5.16E-05 2.89E-07 2.57E-04
160E+10 3.97E+07 2571810.036  5.17E-05 3.06E-07 322604  150E+07 5.21E-05 5.28E-07 2.77€-04
171E+10  5.62E+07 3624238139  5.24E-05 6.90E-07 3.68E-04  245E+07 5.28E-05 7.10E-07 2.97E-04
1.82E+10 829E+07 5263403.847  5.41E-05 1.66E-06 451E-04  3.74E+07 5.38E-05 9.11E-07 3.236-04
192E+10  124E+08 7502754.764  5.78E-05 3.78E-06 5.78E-04  5.40E+07  5.50E-05 1.29€-06 3.49E-04
203E+10  182F+08 10349165.92  6.59E-05 8.11E-06 7.49E-04  7.47E+07 5.69E-05 1.83E-06 3.75E-04
213E+10  262F+08 13838793.06  8.19E-05 1.60E-05 9.64E-04  9.95E+07 5.92E-05 2.37E-06 4.04E-04
2.238+10  368E+08 18024730.18  1.11E-04 2.95€-05 122603  1.29E+08 6.26E-05 o 3.40E-06 4.32E-04
2.238+10  360E+06 1786880.974  1.12E-04 2.92€-07 1.226-03  1.25E+406 5.93E-05 4.83E-08 3.86E-04

1.23E+09 6.04E-05 7 4636408 1.16E-05
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Last pass energy slew

Boto Function [model]

« Should the initial twiss
solution be different?

« Without (left) and with
(right) SR loss
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CEBAF Energy Upgrade Initiative

Capitalizing on recent science insights and US-led accelerator science and technology innovations,
we recommend a targeted effort to develop a cost-effective technical approach for an energy upgrade
of CEBAF. This would provide capabilities to enable a worldwide unique nuclear science program at
the luminosity frontier.

The last decade has provided multiple science surprises such as the discovery of exotic states in the
charmonium sector at facilities worldwide, the so-called “XYZ" states. Studies of the 3D structure of hadrons
and hadronization provided deeper access to quark-gluon dynamics and opened new opportunities for
understanding QCD in its full complexity. In addition, mysteries of the visible matter around us remain
unsolved, such as a small enhancement of partons found in nuclei at the interface of the quark- and gluon-
dominated regions, the so-called “anti-shadowing” region, that to date lacks explanation and can only be
further studied at the luminosity frontier.

Capitalizing on recent innovations enabled by accelerator science and technology, a cost-effective energy
upgrade of the 12-GeV CEBAF at Jefferson Lab to a 22 GeV facility may become feasible. Such an upgrade
would permit a worldwide unique nuclear science program with fixed targets at the luminosity frontier, roughly
five decades above that possible with a collider. Beyond its nuclear science opportunities, this will further
steward best-in-class accelerator technology within the US.

CEBAF Energy Upgrade Initiative
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Setup

» Using Alex Coxe’s files for Dejan’s lattice of 6-pass FFA
- 650 MeV injector, 1.1 GeV/linac

* 104 cells ~ 180 degrees

« Pull out radiation integrals, push particles — compare emittance dilution




