FFA@CEBAF Working Group|Minutes
Meeting date | time 12/02/2022 | 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, Scott, Dejan, Kirsten, Jay, Kitty, Randika, Andrei, Donish, Vasiliy, Stephen


Intro Discussion
New indico setup for IPAC, so don’t wait until the last minute to submit.
https://ipac-docs.jacow.org/General/JACoWlogin/#your-jacow-account
Please give comments on abstracts by Monday COB. They’re uploaded to the repository in the IPAC23 folder.
Agenda topics
Time allotted | 25 mins | Agenda topic SR Emittance Dilution | Presenter Kirsten
· Got lattice from Alex C, but couldn’t get the same sagittal offset. 
· Alex C – no sagittal offsets b/c they are rectangular, and so get arc out of it
· Basically copied offset values from Stephen’s values verbatim
· Kirsten: central 4 were not the same
· Beam tracking and rad integrals seem to agree (mostly) until last 2-3 passes
· Tracking results probably more accurate
· Some explanation:
· Both integrals and tracking last time were wrong.
· Lattice changed
· Bug reports fixed.
· 2E-3 was from 2 separate FFA arcs
· Previous presentation back in October(?) – radiation integrals said 1E-3 for energy spread
· Problem with radiation integrals at that point, but not discovered yet
· Why drop?
· Fewer FFA passes (8 down to 6)
· Lower total energy
· BMAD problems fixed
· These numbers are likely more in the right ballpark than previously.
· Probably won’t shift much, even after a more careful translation
· Are these numbers good enough?
· Scott: Stephen’s sagitta in the magnets helped to even out some of the problems.
· New design reduced the peak field
· Dejan: Stephen found out that if you use the SBEND, you are more efficient in bending the electrons than in the RBEND.
· Switched from RBEND to be as close as possible to SBEND, and moved the pieces radially in the RBEND to get as close as possible to the SBEND.
· Hard to make the SBEND from the technology point of view
· Hasn’t changed the lattice much, just rearranged the magnets so that the numbers came up close to what had before.
· Kirsten: numbers largely match Stephen’s – right ballpark.
· Total number of cells matters, but it’s a small difference.
· 180 degree arc is likely a good place to do things now. 
· Splitters will make it worse.
· If we assume 1E3 for energy spread, is that a good ballpark?
· The problem is the high energy pass
· Splitters will have larger radius of curvature overall, but will concentrate in dipoles. Will be a question of how low can we make the dipole fields?
· If you want path length control in high energy splitter, you’ll need to bend backwards.
· Is there any energy loss from vertical bends in CEBAF?
· Some
· This is not taken into account in Kirsten’s model yet.
· Spreader dipoles: 1.4 Tesla roughly. 
· Should look at what the loss is in BMAD
· Ryan shows screen of highest pass in NE Spreader (OptiM):
· [image: ]
· 
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic IPAC Contributions | Presenter All
· We have 4 abstracts uploaded.
· Let’s all look, and give edit recommendations by Monday COB so we can make sure it’s all right.
· Alex B is doing the overall one:
· [image: ]
· Included all collaborators
· Vasiliy will upload one for the non-adiabatic arc match. So the number goes up to 5.
· Alex Coxe:
· [image: ]
· Not finished yet. Need to think of authors.
· Will do Word document so people can edit.
· Will expand it a bit. First draft was a little longer but overly specific. So this one is less specific, so took out some details. Will add a bit of text.
· Dejan asking Jay about the upcoming workshop:
· It’s about the physics case, and an attempt to get more justifications for including a mention of FFA@CEBAF in the long range plan.
· QCD straw votes came out, the CEBAF energy upgrade got about 40% for, 42% against
· APS April meeting has a satellite meeting about our 22 GeV upgrade.
· Ryan’s:
· [image: ]
· Donish – please check your name in everyone’s documents.
· Stephen’s:
· [image: ]
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Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Vasiliy – think you can present the non-adiabatic this month?
· Not ready to promise now, but will try
· Ryan – show spreader progress?
· Sure – has EM arcs in a decent state, and some FFA arcs
· Not merged yet, but can show some things.
	
	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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#¥ OptiM Output Window
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# N L BetaX Alfax BetaY Alfay DspX DspXp DspY DspYp NuX NuY
1] 0.0 228427 -0.6677 23109.7 -0.706815 1] 1] 1] 1] 1] 1]
25 1636.7 23911.2 -0.0177233 260269 -1.07044 1.86891e-018 2.15516e-021 -0.0305226 -3.51977e-0I
Transfer Matrix for Structure
X[cm] Px ¥[cm] Py ds[cm] dpP/P
0.973167 1624.31 -2.174e-018 -1.02233e-015 0 1.86891e-018

-3.07532e-005

0.976243 -2.49539%-021 -1.92446e-018

0 2.15516e-021

-2.174e-018 -1.02233e-015 1.00867 1641.01 0 -0.0305226

-2.4953%e-021 -1.92446e-018 1.00009e-005 1.00767 0 -3.51977e-005

-2.15516e-021 -1.65339%e-018 3.51977e-005 0.0270028 1 0.909472
1] 1] 1] 1] 1

Total Length : 1636.67 cm

Tunes :

Momentum compaction :
Phase Slip Factor :
Chromaticities :

0x = 0.0110704, Qy = 0.0106573

-0.000555683
-0.000555683
-0.0187087 (hor)

0.0193118 (ver)

Initial Energy : 21549.5 Me¥

Final Energy : 21549.5 Me¥

Synchrotron Rad. Losses : VSR = 6515.06 ke¥, VSR [rms] = 1713.11 ke
YSR/ED = 0.00030233, YSR/ED [rms] = 7.94964e-05

Emittance increase due to SR :

Parameters for storage ring

(absolute) ex = 1.02819e-40 cm,

ey = 2.84758e-08 cm
(normalized) exn = 4.33609e-36 cm,

Damping parameters : gx = 1 gy = 1.00163 gz = 1.99837
Equilibrium RMS emittances: ex = 3.40087e-37 cm ey = 9.40348e-05 cm
Equilibrium RMS relative momentum spread : 0.00228693

Amplitude damping decrement per turn: LambdaX=0.000151165 Lambda¥=0.000151411 LambdaS=0.000302084
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CEBAF 22 GeV FFA Energy Upgrade*

R.M. Bodenstein, J.F. Benesch, S.A. Bogaczt, A.M. Coxe, K.E. Deitrick, B.R. Gamage, D. Khan, G.A
Krafft,

K.E. Price, Y. Roblin, A. Seryi, Jefferson Lab, Newport News, VA, USA

J.S. Berg, S.J. Brooks, D. Trbojevic, Brookhaven National Lab, Upton, NY, USA

V.S Morozov, Oak Ridge National Lab, Oak Ridge, TN, USA

G. H. Hoffstaetter, Cornell University (CLASSE), Ithaca, NY, USA

D. Douglas, Douglas Consulting, York, VA, USA

Extending the energy reach of CEBAF up to 22 GeV within the existing tunnel is being explored.
Proposed energy upgrade can be achieved by increasing the number of recirculations, while using the
existing CEBAF SRF cavity system. Presented scheme is based on an exciting new approach to
acceleratie electrons efficiently with multiple passes in a single FFA beam line. Encouraged by recent
success of the CBETA Test Accelerator, a proposal was formulated raise CEBAF energy by replacing the
highest-energy arcs with Fixed Field Alternating Gradient (FFA) arcs. The new pair of arcs configured with
FFA lattice would support simultaneous transport of additional 6 passes with energies spanning a factor
of two, using the non-scaling FFA principle implemented with Halbach-derived permanent magnets - a
novel magnet technology that significantly saves energy and lowers operating costs. One of the
challenges of the multi-pass (11) linac optics is to provide uniform focusing in a vast range of energies,
using fixed field lattice. Here, we propose a triplet lattice scaled up with increasing momentum along the
linac. This would provide a stable periodic solution covering energy ratio of 1:33. The current CEBAF
configured with a 123 MeV injector, makes optical matching in the first linac virtually impossible due to
extremely high energy span ratio (1:175). Therefore, we envision replacement of the current injector with
2650 MeV 3-pass recirculating injector based on the existing LERF faciliy. Finally, the 22 GeV CEBAF
would promise to deliver in 10-passes a beam with normalized emittance of 76 mm:mrad and with a
relative energy spread of about fi x 10-3. Further recirculation beyond 22 GeV is limited by large, 974
MeV per electron, energy loss flue to synchrotron radiation.
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Status of Error Correction Studies

in Support of FFAQCEBAF

Alexander Coxe

Abstract

In this work, we examine the beam correction requirements for the FFAQCEBAF energy up-
grade. Both hardware and software diagnostic and corrector components are under investigation; in
particular the relationship between hardware and software optimization will be developed.

We consider a representative sample of errors in the machine lattice and beam optics, and investigate
the statistical sensitivity of the beam to various diagnostic and corrective schema.
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Title:
Designing the Spreaders and Splitters for the FFA@CEBAF Energy Upgrade

Authors:
R.M. Bodenstein, J.F. Benesch, S.A. Bogacz, A.M. Coxe, K.E. Deitrick, B.R. Gamage, DONISH
KHAN, K.E. Price, Jefferson Lab, Newport News, VA, USA
1.5. Berg, S.J. Brooks, D. Trbojevic, Brookhaven National Lab, Upton, NY, USA
V.S Morozov, Oak Ridge National Lab, Oak Ridge, TN, USA

Abstract: (Limit 1200 characters)

The FFA@CEBAF energy upgrade study aims to approximately double the final energy of the
electron beam at the Continuous Electron Beam Accelerator Facility (CEBAF). It will do this by
replacing the highest-energy recirculating arcs with fixed-field alternating gradient (FFA) arcs,
allowing for several more passes to circulate through the machine. This upgrade necessitates
the re-design of the vertical spreader sections, which separates each pass into different
recirculation arcs. Additionally, the FFA arcs will need horizontal splitter lines to correct for time
of flight and R56. This work will present the current state of the spreader re-design and splitter
design.

Acknowledgement: (Limit 200 characters)

Some research described in this work was conducted under the Laboratory Directed Research
and Development Program at Thomas Jefferson National Accelerator Facility for the U.S.
Department of Energy.
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Open-Midplane Gradient Permanent Magnet with 1.53T Peak Field
2

The CEBAF anergy uparade will require sagnets with high fields to bend elactron beas of Up fo 226eV in the 50.6v racius tummel. A pesk Field in excess of 15T, together with a large gradient of 401/m o more, are used
in i85 fixed-Field arc Lsttice o bend multiple recirculation snergies in a single pipe. Additionally, the msgnet must have an open midplane to allow synchrotron raistion to be absorbed by 3 cooling chamnel.

A short 45m section of NdFaB prototype has boen designed and bullt as part of persanent magnet RED at SML. This satisfies a1 the sbove requiresents and has had its integrated field tuned to better than 1 part in 1083,
This tuning process uses 3 techmique with iron rods adapted from CBETA and ministurised here, together with seasurements at 3 new compact field-napping stand that iz accurate to 1 part in 10%.




