FFA@CEBAF Working Group|Minutes
Meeting date | time 08/08/2025 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	

	Timekeeper	Salim



	Attendees
Alex B, Ryan, Stephen, Scott, Edy, Donish, Dejan, Kirsten, Salim, Andrei, Randy, Sadiq, Volker, +1 


Intro Discussion
· [bookmark: _Hlk205557224]Design Progress for the 22 GeV CEBAF Energy Upgrade – Edith Nissen
· Update – Donish Khan
Agenda topics
Time allotted | 30 mins | Agenda topic Design Progress for the 22 GeV | Presenter Edi
· [image: ]
· Rehearsal Talk for the NAPAC 2025. 
· [image: ]

· [image: ]


· [image: ]


· [image: ]
· Dejan recommended adding a CEBAF racetrack layout in the middle.  	

· [image: ]
· [image: ]
· [image: ]

· [image: ]

· Dejan recommended having another slide to highlight the uniqueness of CEBAF extraction, maybe referring to Andrei’s older presentation. Ryan: maybe Reza’s presentation. 
· [image: ]

· [image: ]
· [image: ]

· [image: ]

· [image: ]

· [image: ]
· [image: ]
· [image: ]
· [image: ]

· [image: ]
· [image: ]

· [image: ]
· [image: ]
· This is a video screenshot showing 6 different energy-beams traversing FFA arc. 

· [image: ]
· [image: ]

· [image: ]
· [image: ]

· [image: ]

· [image: ]
· [image: ]
· Alex B recommended to add all the related posters to this conclusion page in order to highlight JLab’s contributions related to this talk. In this slide, Edy has already updated Alex’s recommendations. 
	Action Items
	Person responsible	Deadline
	
	
	

	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic Update| Presenter Donish
· [image: ]
· Donish gave update on his work related to JLAAC recommendations and also on the FFA Bmad lattice converting from Muon 1 Option B and compares his results and highlights the discrepancy between two different codes. 

· [image: ]
· [image: ]

· [image: ]

· [image: ]
· Kirsten said that she has already pushed an FFA lattice conversion of Option A, which is ‘a direct conversion’ from Muon 1 to Bmad. Kirsten is working with Scott and Stephen on this topic, as well. 


· [image: ]
· Donish has shown this script and said this agrees better than the one with patches.
· Kirsten: this is defined as SBEND, but it is without the edge angles, so practically this is RBEND. Donish: but this agrees with Stephen’s Muon1 beta functions better. 


	Action Items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Kirsten is currently working on the conversion of the lattices from Muon 1 to Bmad. She is bridging between Scott and Stephen, and said we (Kirsten, Donish, Ryan and Salim) will meet on this subject sometime after NAPAC. 

· FFA@CEBAF Meeting on 08/22/2025, regular time. 

	Action Items
	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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» CEBAF Background

» Goals of the proposed upgrade

» Aspects of the proposed upgrade
* Current and Future work
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                Outline • CEBAF Background • Goals of the proposed upgrade • Aspects of the proposed upgrade • Current and Future work Design Progress for the 22 GeV CEBAF Energy Upgrade 2


image5.png
Jefferson Lab

CEBAF
- Main 12 GeV accelerator

LERF

- Low Energy Recirculating
Facility

- Originally built as an FEL

- 135 MeV accelerator

UITF
- User Injector Test Facility

HPDF (future)
- High Performance Data Facility
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                     Jefferson Lab • CEBAF － Main 12 GeV accelerator • LERF － Low Energy Recirculating Facility － Originally built as an FEL － 135 MeV accelerator • UITF － User Injector Test Facility • HPDF (future) － High Performance Data Facility Design Progress for the 22 GeV CEBAF Energy Upgrade 3   
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What is CEBAF?

Design Progress for the 22 GeV CEBAF Energy Upgrade

» Continuous Electron Beam Accelerating
Facility
- Recirculating facility that can bring

electrons up to a theoretical maximum of
12.1 GeV

- Electrons collide in one of four fixed target
halls (A, B, C, and D)

- Electrons accelerated continuously,
providing steady current

- Able to deliver spin polarized beams

cryomodules

Enhanced capabilities
in existing Halls

.ggtTegon Lab
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                          What is CEBAF? • Continuous Electron Beam Accelerating Facility － Recirculating facility that can bring electrons up to a theoretical maximum of 12.1 GeV － Electrons collide in one of four fixed target halls (A, B, C, and D) － Electrons accelerated continuously, providing steady current － Able to deliver spin polarized beams Design Progress for the 22 GeV CEBAF Energy Upgrade 4      
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                CEBAF Layout Design Progress for the 22 GeV CEBAF Energy Upgrade 5  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (5)  Electromagnetic Arcs (5)  Extraction  Beam Switch - yard  A  B  C  D  Injection
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CEBAF Linac

* The two superconducting linacs are
composed of 25 cryomodules each

» Composed of C25s, C50s, C75s, and
C100s, referring to the maximum
energy gain from each module
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                   CEBAF Linac Design Progress for the 22 GeV CEBAF Energy Upgrade 6 • The two superconducting linacs are composed of 25 cryomodules each • Composed of C25s, C50s, C75s, and C100s, referring to the maximum energy gain from each module   
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CEBAF Spreaders and Recombiners

» These spread and recombine the different energy beams coming out of and into
the linacs
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                                CEBAF Spreaders and Recombiners Design Progress for the 22 GeV CEBAF Energy Upgrade 7 • These spread and recombine the different energy beams coming out of and into the linacs            
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Electromagnetic Arcs

» These transport the beam at different
energies around the arcs for
recirculation

» At lower energies the pathlength is
adjusted using adjustable doglegs

» At higher energies the pathlength is
adjusted through steering the beam
slightly off center.
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                     Electromagnetic Arcs Design Progress for the 22 GeV CEBAF Energy Upgrade 8 • These transport the beam at different energies around the arcs for recirculation • At lower energies the pathlength is adjusted using adjustable doglegs • At higher energies the pathlength is adjusted through steering the beam slightly off center.   
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» Extraction currently performed using RF
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                            Extraction Design Progress for the 22 GeV CEBAF Energy Upgrade 9 • Extraction currently performed using RF Cavities                a b c a b c d And a variety of other combinations
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Proposed Upgrade

12cm

» Goal
- Double the maximum energy

- Keep the same linacs
-

13cm

v
A
v

13cm

 Solution
- Use FFA arcs to hold multiple additional
passes in a single arc
- Increase the injection energy and move all
of the electromagnetic arcs up one slot.

Je on Lab
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                       Proposed Upgrade Design Progress for the 22 GeV CEBAF Energy Upgrade 10 • Goal － Double the maximum energy － Keep the same linacs • Solution － Use FFA arcs to hold multiple additional passes in a single arc － Increase the injection energy and move all of the electromagnetic arcs up one slot.     
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CEBAF Layout (Upgrade)
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                CEBAF Layout (Upgrade) Design Progress for the 22 GeV CEBAF Energy Upgrade 11  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (5)  Electromagnetic Arcs (5)  Extraction  Beam Switch - yard  A  B  C  D  Injection  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)
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CEBAF Upgrade - Injection
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                CEBAF Upgrade - Injection Design Progress for the 22 GeV CEBAF Energy Upgrade 12  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)  Extraction  Beam Switch - yard  A  B  C  D  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection
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New Injector and Transport Line at CEBAF

650 MeV eBeam
Injected to North Lin s

— L — / New Beamline
2 ' to CEBAF Tunnel
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                               New Injector and Transport Line at CEBAF Design Progress for the 22 GeV CEBAF Energy Upgrade 13            New 650 MeV e - Injector at LERF  650 MeV e - Beam Injected to North Linac       West Arc   New Transfer Line  New Tunnel      New Beamline to CEBAF Tunnel     Low Energy Recirculation Facility  
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LERF to NL (ELEGANT)
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                               LERF to NL (ELEGANT) Design Progress for the 22 GeV CEBAF Energy Upgrade 14        LERF TL is taken as reference for beta and dispersion function limits.  LERF Transfer Line (LTL)  South Transfer Line (STL)  West Transfer Line (WTL)  Merger TL      See THP056 for more details
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CEBAF Upgrade - Linac
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                CEBAF Upgrade - Linac Design Progress for the 22 GeV CEBAF Energy Upgrade 15  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)  Extraction  Beam Switch - yard  A  B  C  D  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection  North Linac  South Linac
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Quasi-periodic Linac Optics (Conventional CEBAF passes: 1 - 4)

* Present FODO linac offers periodic optics only for the lowest energy pass with large beta beating for
higher passes (beta ~1000 m), which is not compatible with small betas (~5 m) in the FFA arcs.
* Replacing FODO (alternating singlets) with alternating triplets — more uniform beam envelope
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                          Quasi - periodic Linac Optics (Conventional CEBAF passes: 1 - 4) • Present FODO linac offers periodic optics only for the lowest energy pass with large beta beating for higher passes (beta ~1000 m), which is not compatible with small betas (~5 m) in the FFA arcs. • Replacing FODO (alternating singlets) with alternating triplets – more uniform beam envelope 16 Design Progress for the 22 GeV CEBAF Energy Upgrade    0.65 GeV    7.25 GeV Triplet Cells, phase advance: 110 0 per cell
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Transition to ‘Beta Beat’ Linac Optics for FFA Passes (passes 5 -10)

* Deviate from optics periodicity = Induce and optimize g beat in linacs = Reasonably small 8’s
at both ends of each linac at the expense of increase in maximum g inside the linacs, a’s
adjusted to nearly zero as favored by FFA matching = Greatly relaxed matching requirements
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                          20.5 GeV Transition to ‘Beta Beat’ Linac Optics for FFA Passes (passes 5 - 10) . . . 11.6 GeV • Deviate from optics periodicity  Induce and optimize 𝛽 beat in linacs  Reasonably small 𝛽 ’s at both ends of each linac at the expense of increase in maximum 𝛽 inside the linacs, 𝛼 ’s adjusted to nearly zero as favored by FFA matching  Greatly relaxed matching requirements 17 Design Progress for the 22 GeV CEBAF Energy Upgrade      
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CEBAF Upgrade - Splitters
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                CEBAF Upgrade - Splitters Design Progress for the 22 GeV CEBAF Energy Upgrade 18  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)  Extraction  Beam Switch - yard  A  B  C  D  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection
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Splitter Section

North East Splitter

* Required to match from the linac to the FFA for all 6 05
passes

* Heavy payload for matching:
* Twiss parameters: By ,,, Qy
* Dispersion: n,,n', o
* Momentum compaction: Rsg
* Time of flight and floor offset (X,X’)

* Current baseline “Symmetric” design (top) (D. Khan)
* Matches all parameters
* Working on optimizing betatron amplitudes;

large linac optics to small FFA optics is a

-10

challenge Dipoles
. . . . Extraction dipoleg
* Global optimization of optics to control 1 || Quadrupoles

emittance dilution (i.e. (H'))
» Several other Splitter candidates currently under

investigation:
* R. Bodenstein design (bottom) (TUPQ94)

Design Progress for the 22 GeV CEBAF Energy Upgrade 19
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                             Splitter Section Design Progress for the 22 GeV CEBAF Energy Upgrade 19 • Required to match from the linac to the FFA for all 6 passes • Heavy payload for matching: • Twiss parameters: 𝛽 𝑥 , 𝑦 , 𝛼 𝑥 , 𝑦 • Dispersion: 𝜂 𝑥 , 𝜂′ 𝑥 • Momentum compaction: 𝑅 56 • Time of flight and floor offset (X,X’) • Current baseline “Symmetric” design (top) (D. Khan) • Matches all parameters • Working on optimizing betatron amplitudes; large linac optics to small FFA optics is a challenge • Global optimization of optics to control emittance dilution ( i.e.  ℋ ) • Several other Splitter candidates currently under investigation: • R. Bodenstein design (bottom) (TUP094)    Dipoles Extraction dipoles Quadrupoles
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CEBAF Upgrade - FFA arcs
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                CEBAF Upgrade – FFA arcs Design Progress for the 22 GeV CEBAF Energy Upgrade 20  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)  Extraction  Beam Switch - yard  A  B  C  D  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection
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FFAs Generally

* Fixed Field Alternating Gradient (FFA) beamlines are a
way to transport beams of different energies with the same
magnets

* This project uses open mid-plane Halbach-style
permanent magnets (allowing synchrotron radiation to

escape)

» Within these Halbach-style magnets, the field changes as
a function of offset, and different energies are transported
at different orbits — thus different energies see different
fields/optics

\

Top: 2D permanent magnet design (cm grid).
Bottom: shorter prototype, NdFeB wedges in PLA
mould.

Both figures from DOI: 10.18429/JACoW-

IPAC2023-TUPMO032 )
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                          FFAs Generally Design Progress for the 22 GeV CEBAF Energy Upgrade 21 • Fixed Field Alternating Gradient (FFA) beamlines are a way to transport beams of different energies with the same magnets • This project uses open mid - plane Halbach - style permanent magnets (allowing synchrotron radiation to escape) • Within these Halbach - style magnets, the field changes as a function of offset, and different energies are transported at different orbits – thus different energies see different fields/optics       Top: 2D permanent magnet design (cm grid). Bottom: shorter prototype, NdFeB wedges in PLA mould . Both figures from DOI: 10.18429/JACoW - IPAC2023 - TUPM032
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* Each FFA arc is made up of FODO cells;
however, since each arc has a slightly
different energy range, each FODO cell has
slightly different parameters
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                        Design Progress for the 22 GeV CEBAF Energy Upgrade 23 • Each FFA arc is made up of FODO cells; however, since each arc has a slightly different energy range, each FODO cell has slightly different parameters － East arc: 10.6 – 21.6 GeV － West arc: 11.7 – 22.7 GeV       FFAs Generally Note: Orbits are 10x in this plot
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Transition Section
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                     Transition Section Design Progress for the 22 GeV CEBAF Energy Upgrade 25    • Transition Section Criteria • Needs to bring the horizontally separated orbits into the same line for the linac • Needs to match the separate optical functions for each of the 6 beams • Needs to provide sufficient space around the labyrinths so that large equipment can be brought in and out of the machine.
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                   Transition Section Design Progress for the 22 GeV CEBAF Energy Upgrade 26    See TUP029 for more details
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CEBAF Upgrade - Extraction
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                CEBAF Upgrade - Extraction Design Progress for the 22 GeV CEBAF Energy Upgrade 27  North Linac  South Linac  Spreader  Spreader  Recombiner  Recombiner  Electromagnetic Arcs (4)  Electromagnetic Arcs (4)  Beam Switch - yard  A  B  C  D  FFA Arc (permanent magnets)  FFA Arc (permanent magnets)  Transition  Transition  Splitter  Splitter  LERF Injection  Extraction
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RF Separator and anti-Separator Flanking the TOF Splitter

750MHz RF separators at each ends of NE Splitter

Verticalt rtical
RF Separator RF Separator

Design Spilitter lines to have either all even or all odd multiples of n phase advance. [2nr or (2nmt+1)]

Now the kicks of the two RF separators can cancel out.

Design the optics of only one line of the splitter to magnify the RF kick and turn on the septa
magnet in that line only.

This way we can select which beamline to extract just by turning on the proper septa and optics for
the selected line.

Room will need to be made for extraction septa in the splitter line.
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                                                     28 Design Progress for the 22 GeV CEBAF Energy Upgrade RF Separator and anti - Separator Flanking the TOF Splitter 750MHz RF separators at each ends of NE Splitter • Design Splitter lines to have either all even or all odd multiples of  phase advance. [2n  or (2n  +1)] • Now the kicks of the two RF separators can cancel out. • Design the optics of only one line of the splitter to magnify the RF kick and turn on the septa magnet in that line only . • This way we can select which beamline to extract just by turning on the proper septa and optics for the selected line. • Room will need to be made for extraction septa in the splitter line.         Vertical RF Separator        Vertical RF Separator      
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Four Hall Extraction Scheme

Two pairs of 750MHz RF separators in the NE and SW TOF Splitters

Scenario “What
If, NE+SW”

Halls A/B/C Hall D

""'xi!ii'l 8= -

650 MeV
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                     29 Design Progress for the 22 GeV CEBAF Energy Upgrade Four Hall Extraction Scheme    Two pairs of 750MHz RF separators in the NE and SW TOF Splitters
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Conclusions Future Work

» A great deal of progress has been made on the project to double the energy reach of
CEBAF

- We have designs for a new, higher energy injector

- We have a design to change the optics of the linac to accommodate the higher energies of
the beam

- We have worked out designs for the splitters for the higher energy passes
- We have designs for the FFA lattice that will recirculate the higher energy arcs

- We have a design for the transition section that will bring the orbits back to colinear for the
linacs

- We have a design for an extraction section

* Future work
- We need to integrate all of these sections together to create an end-to-end design

- We are currently working on a project to study the effects of radiation damage on permanent
magnets (see WEANO02, WEPQ074, and WEPO037)

- We are working on the design of the 650 MeV injector that could also produce positrons
(THPOS6)

- We are also looking at performing a test of an FFA magnet/cell in CEBAF (see THP035)

.ge/tfer:son Lab
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                Conclusions Future Work • A great deal of progress has been made on the project to double the energy reach of CEBAF － We have designs for a new, higher energy injector － We have a design to change the optics of the linac to accommodate the higher energies of the beam － We have worked out designs for the splitters for the higher energy passes － We have designs for the FFA lattice that will recirculate the higher energy arcs － We have a design for the transition section that will bring the orbits back to colinear for the linacs － We have a design for an extraction section • Future work － We need to integrate all of these sections together to create an end - to - end design － We are currently working on a project to study the effects of radiation damage on permanent magnets (see WEAN02, WEP074, and WEP037) － We are working on the design of the 650 MeV injector that could also produce positrons (THP056) － We are also looking at performing a test of an FFA magnet/cell in CEBAF (see THP055)
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* From Alex B.’s Strongly-Focusing Linac Twiss

« From Ryan B.’s GitHub (LINK):

© Twiss (Byy, oty y)
« Dispersion (n,,7',)
+ R56

» Dipoles: L=3m (1.8T max), Quadrupoles: L=0.3556m (max: 53 T/m)
2
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                                        Review 1 • From Alex B.’s Strongly - Focusing Linac Twiss • From Ryan B.’s GitHub ( LINK ):  • Twiss ( 𝛽 𝑥 , 𝑦 , 𝛼 𝑥 , 𝑦 ) • Dispersion ( 𝜂 𝑥 , 𝜂′ 𝑥 ) • R56 • Dipoles: L=3m (1.8T max), Quadrupoles: L=0.3556m (max: 53 T/m) 2         
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Field Errors & Cross Talk Study

“R7 Reproduce the losses observed in CBETA using simulation, and
translate this into specifications for the maximum acceptable magnet
coupling in the splitter region.”

Two components of the study:
1. Determine the FFA’s acceptance criteria.
a. Determine DA/MA for various FFA designs (OptionA & OptionB)
2. Evaluate the field error tolerance on the Splitter section:
a. Automation scripts in ELEGANT/Bmad that have (FSE) on the magnets (dipoles, quads):
b. Induce FSE (Gaussian sampled, 0.1% RMS) on all magnets
c. 10k simulation runs




image64.svg
                         3 Field Errors & Cross Talk Study • Two components of the study: 1. Determine the FFA’s acceptance criteria. a. Determine DA/MA for various FFA designs ( OptionA & OptionB ) 2. Evaluate the field error tolerance on the Splitter section: a. Automation scripts in ELEGANT/Bmad that have (FSE) on the magnets (dipoles, quads): b. Induce FSE (Gaussian sampled, 0.1% RMS) on all magnets c. 10k simulation runs “R7 Reproduce the losses observed in CBETA using simulation, and translate this into specifications for the maximum acceptable magnet coupling in the splitter region.” 
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Current Splitter Progress
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* Reduced overall number of quadrupoles and
strengths
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* Includes R56 matching

Xy

* Small overall curly H function
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* Somewhat improved beta function control

» Higher passes still have larger beta function peaks: ~ 1.4km
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                              4 Current Splitter Progress • Reduced overall number of quadrupoles and strengths • Includes R56 matching • Small overall curly H function • Somewhat improved beta function control • Higher passes still have larger beta function peaks: ~ 1.4km 8/8/2025   
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Evaluating various FFA designs: A potential issue

Muon1 betax (m) Muon1 betay (m) Bmad betax (m) Bmad betay (m)

* Current FFA baseline is OptionA
1.86534 3.79372 4157 6.515

« Started converting OptionB from Muon1 to
Bmad 1.66567 4.46359 2.951 6.477

o= g 1.8461 5.59049 2.718 6.995
» |dentified a discrepancy between the two

simulation results: 2.06067 7.32932 2.602 8.035

*  Muon1 is considered ground truth
2.27761 10.44 2.521 10132

» If the betatron functions are not properly modeled in Bmad,
then dispersion will not be either; consequently R56 244384 16.2218 2.455 16.84
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                              5 Evaluating various FFA designs: A potential issue • Current FFA baseline is OptionA • Started converting OptionB from Muon1 to Bmad • Identified a discrepancy between the two simulation results: • Muon1 is considered ground truth • If the betatron functions are not properly modeled in Bmad, then dispersion will not be either; consequently R56 8/8/2025   
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I test_tfa_cast_passi.bmad
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11 beginning [beta_b] = 3.79811623777880358E+000
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27 BI_GRADIENT = 4.34400000000000043E+001
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34
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E X_OFFSET = 0.0021254183821827, DB_FIELD = -1.28150525194692735E+000,
37 B1_GRADIENT = -4.11299999999999955E+001

38 BFB: SBend, L = 2.78854800926933988E-001,
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41 BFC: SBend, L = 2.78854800926933988E-001,
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44
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46 08D: Drift, L = 5.80934404038890226E-002
47
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