FFA@CEBAF Working Group|Minutes
Meeting date | time 10/24/2025 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Salim

	Timekeeper	Alex B



	Attendees
Alex B, Salim, Donish, Sadiq, Dejan, Stephen, Edy, Roger, Volker, Andrei, Patrick Ngotta, Vasiliy, Scott. 


Intro Discussion
· Splitter magnet tolerance specs - Donish
· Launching multi-particle spin tracking in FFA Arcs – Salim, deferred
· AOB – All

The minutes are generated after the meeting, since Alex asked. 
Time allotted | 50 mins | Agenda topic Splitter magnet tolerance specs | Presenter Donish

· [image: ]
· [image: ]

· [image: ]
· There was a question about the beam pipe, the answer is 2 inch diameter beam pipe to be assumed. This question was asked in order to assess the maximum quadrupole gradient which Donish assumes, namely 110 T/m. This gradient is said to be high for such beam pipe, maybe 40 T/m can be assumed. 

· [image: ]

· [image: ]
· [image: ]

· [image: ]
· [image: ]

· [image: ]

· After Donish gave his presentation, Dejan showed his earlier paper referring to Donish’s Slide#6, which is associated to the old designs of splitters, which also inspired the CEBAF current splitter: 
· [image: Text, letter

AI-generated content may be incorrect.]
· [image: Diagram, engineering drawing

AI-generated content may be incorrect.]
· [image: Text, letter

AI-generated content may be incorrect.]


· The splitter design has got rigorous. For this reason, Alex B had suggested looking back to the other options and Donish addressed this in his presentation today. Also, Andrei proposed a new splitter design option deploying FFA magnets to be shared by more than a pass (i.e. different beam energy) which relaxes the space issues since the beam pipes are shared together.  

· [image: Diagram

AI-generated content may be incorrect.]
· [image: ]
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	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· 
	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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* From UPDATED Ryan B.’s GitHub (LINK):-

From Alex B.’s Strongly-Focusing Linac Twiss

o Twiss (By,y, @y )

Dispersion (n,.,7n’,)

R56

Je on Lab

Version 2: Stephen’s OptionB with different R56

» Dipoles: L=3m (1.8T max), Quadrupoles: L=0.3556m (max: 53 T/m)
2
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                              Review • From Alex B.’s Strongly - Focusing Linac Twiss • From UPDATED 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     Version 2: Stephen’s OptionB with different R56
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* Highly constrained by horizontal space

1.3716 m
Beamline Center

Beam Direction

Personnel Clearance
Wall

Figure 1: Transverse constraints in the tunnel.

R. Bodenstein

* Not enough longitudinal length to make use of
1.4 m towards wall

* Large dipole/quad magnets created congested EXPLORATORY OPTIONS:

splitter area  Dropping constraints on magnet sizes/strengths

* Dipoles: L=3m (1.8T max), Quadrupoles: L=0.3556m
(max: 53 T/m)

* Dipoles: L=?m (2.0T max), Quadrupoles: L=?m (max:
110 T/m)

10/24/2025 S

» Beta function control (curly H optimization)
and R56 matching is limited
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                                 Symmetric Splitter (Dejan) • Highly constrained by horizontal space • Not enough longitudinal length to make use of 1.4 m towards wall • Large dipole/quad magnets created congested splitter area • Beta function control (curly H optimization) and R56 matching is limited 10/24/2025 3       R. Bodenstein EXPLORATORY OPTIONS: • Dropping constraints on magnet sizes/strengths • Dipoles: L=3m (1.8T max), Quadrupoles: L=0.3556m (max: 53 T/m) • Dipoles: L=?m (2.0T max), Quadrupoles: L=?m (max: 110 T/m)
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Revisit Zig-Zag Splitter Design

Last meeting, the design
was brought up again; could
help matching/reduce
dispersion/curly H.

Design was in premature
stage (half-done):

» Passes 4-6 do not converge at the
last magnet, their design orbits
need to be fixed/shifted*

10/24/2025
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                                   Revisit Zig - Zag Splitter Design    • Last meeting, the design was brought up again; could help matching/reduce dispersion/curly H. • Design was in premature stage (half - done): • Passes 4 - 6 do not converge at the last magnet, their design orbits need to be fixed/shifted. 10/24/2025 4     
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Zig-Zag Splitter Cont’d

* Two septum dipoles (3 m x 0.5 m):
1. Shares beams 1 & 2
2. Shares beams 3, 4, 5, & 6

Not to scale
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* Three areas of concern:
a. Beams 1 & 2 separation with septum magnet

b. Beams 3, 4, 5, & 6 separation within septum magnet
c. Separation of septum magnet #2 from beam 2’s pipe.
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                                 Zig - Zag Splitter Cont’d • Two septum dipoles (3 m x 0.5 m): 1. Shares beams 1 & 2 2. Shares beams 3, 4, 5, & 6 • Three areas of concern: a. Beams 1 & 2 separation with septum magnet b. Beams 3, 4, 5, & 6 separation within septum magnet c. Separation of septum magnet #2 from beam 2’s pipe.  50cm     22cm 19cm 𝐸 1 𝐸 2 𝐸 2 𝐸 1   50cm     9cm 𝐸 3 𝐸 4 𝐸 3  𝐸 5 𝐸 6 7cm 6cm     𝐸 4 𝐸 5 𝐸 6 10cm 8cm 6cm   22cm 24cm    Not to scale Not to scale   𝐸 1 𝐸 2  50cm  Not to scale     3cm~1inch
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                                   Revisit Dogleg - Like Splitter (Edy) • Attractive because it potentially separates passes/beams in a single beamline/bend structure. • Conventional dogleg cannot be designed for multi - energy beams due to transverse spread of beams. • Offset quadrupole provides dipole kick to a beam; only 1 pass/beam can be made achromatic. • Edy: We can use a sextupole which has transversely dependent linearly focusing i.e. 𝑘 1  𝑥 . • Could be compatible with splitter? • No! Spread of beams is too large regardless of B - field of the first dipole. • Reminiscent of results trying to use a quadrupole to split beams apart…limited by magnet aperture 10/24/2025 7                R = 𝑅 𝑞 / 2 𝑅 𝐿 / 2 𝑅 𝑑𝑖𝑝𝑜𝑙𝑒 𝑅 26 = 0 Not to scale
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Revisit Quad Splitting
(Dejan/Scott)

Ideas to use an off-axis quadrupole (i.e. dipole
field) to to bend the beam(s)

Creates greater angular separation of the
beams before hitting the Splitter transverse
boundaries

The effectiveness is bounded by the
quadrupole’s aperture

Given a quad aperture of ~5 cm the benéefits of
using a quad to split the beam versus a dipole

were null

10/24/2025
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                               Revisit Quad Splitting (Dejan/Scott) • Ideas to use an off - axis quadrupole ( i.e. dipole field) to to bend the beam(s) • Creates greater angular separation of the beams before hitting the Splitter transverse boundaries • The effectiveness is bounded by the quadrupole’s aperture • Given a quad aperture of ~5 cm the benefits of using a quad to split the beam versus a dipole were null 10/24/2025 8      
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Revisit FFA Based Splitter Designs

* FFA magnets have the benéefit of being able
to transport multiple energies within a single

magnet.

* The closely spaced beamlines were treated
With septum magnets in the Symmetric * Simulation approach is to start each beamline with a
splitter design standard 4-bend chicane with dispersion and R56
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yp g y * See natural grouping of beamlines:

SEeEn * Groups of 2
* Gives the optimizer freedom in the spatial * Groups of 3
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                                                                                                                                                                                                                                                                                                                                                                                                             Revisit FFA Based Splitter Designs • FFA magnets have the benefit of being able to transport multiple energies within a single magnet. • The closely spaced beamlines were treated with septum magnets in the Symmetric splitter design • FFA type magnet may be a more natural solution • Gives the optimizer freedom in the spatial domain on where to place magnets i.e. dispersion tuning 10/24/2025 9                                                                                 • Simulation approach is to start each beamline with a standard 4 - bend chicane with dispersion and R56 constraints • See natural grouping of beamlines: • Groups of 2 • Groups of 3 • Evolve design to something more space efficient                                                                                                  
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DESICN AND COMMISSIONING OF THE DO VERTICAL
NONDISPERSIVE OVERPASS IN THE FERMILAB MAIN RING

Dejan Trbojevic and Rod Gerig
Ferai National Accelerator Laboratory*
P.0. Box 500
Batavia, I1., USA

Abstract

A new vertical overpass in the Fermilab Main Ring
around a future DO proton-antiproton collision
detector was designed and built to raise the initial
lusinosity for collider physics. The new overpass
provides a better dispersion match between the Main
Ring and tho Tevatron, and in the Main Ring

substantially lowers the vertical beam size arising
fron momentun spread. This has also improved the
overall efficiency and beam intensity of the Main

Ring. Vertical dispersion was measured before and
after completion of the new overpass. A high degree of
correspondence ¥as obtained between the predicted and
measured values of vertical dispersion around the
whole Main Ring

Introduction

The Fermilab Main Ring (NR) became the first
nonplanar synchrotron after two vertical overpasses
were built around the Tevatron (TEV) BO and DO proton-
antiproton collision detectors. The MR magnets in the
central part of both B0 and DO overpasses were raised
with respect to the previous MR horizontal plane up to
5.76 meters and 1.42 meters, respectively. The BO
overpass was built in a new tunnel around the
collision detector [1] while the DO overpass remained
almost entirely within the main accelerator tunnel.

The source of the vertical dispersion (DyZpesx/5p)
is a vertical dipole magnet where particles with
bigher/lover momenta are bent less/more with a
difference in the bending angle of A828oe6p/p where 8o
is the magnet bending angle. Vertical dispersion in
the nonplanar synchrotron duc to the vertical dipoles
could be canceled outside of ‘the overpass if the
dipoles are correctly placed in the lattice. In other
words in the correct overpass the superposition of the
betatron dispersion waves induced by each dipole
should make the resulting wave outside of the overpass
equal to zero. The BO overpass was built following the
principle of the "Collins” bump [1) with a 360 degrees
difference in the betatron phase between the first and
third, and between the second and fourth kick. This
overpass induces a spall (0.4 meters peak) vertical
dispersion wave in the rest of the ring. The previous
DO_overpass produced a larger dispersion wave with a
1.7 meters peak

There were two major reasons
to raise the

for building a new DO

overpass: Tuninosity during proton-
antiproton collisions in the TEV-Ferzilab
Superconducting  synchrotron by eliminabing  the

dispersion mismatch between the HR and the TEV and to
lower the vertical beam size arising fron beam
momentun  spread. The  verlical dispersion al the
extraction location in the MR with the previous DO
overpass easured 1.6 acters with 2 slope of -0.018
meters. To fulfill the dispersion match with the TEV a
value of  Dy=-0.625 neters (with a zero slope due to
the antiproton injection from the opesite side) is
necessary. The new DO overpass had to fulfill many
geometrical and practical constraints; it had to

“Operated by Universities Research Association under
contract to the U.S. Department of Energy.

remain  within the existing accelerator tunnel
producing a local vertical orbit bump; if possible all
vertical dipoles were to be comnected to the same
electrical bus, all pagnets were to be of the same

strength.
Design Method
The thin element approximation was used in the
first part of the design method. The input latice
paraneters were obtained from the output of the
computer program SYNCH [3]. The horizontal and
vertical dispersion  vectors (Dx,dDc/ds,1) and

(Dy,dDy/ds,1), respectively, present general solutions
of the inhonogenious Mill's equation of motion (2]
when the horizontal and vertical motions are treated
separately. A new vector (y,f) was defined by
Floguet’s coordinate tranformation as:

XED/APE Asind and €2D'IB) Da/ifE Ascosd, .. (1)
where p,2, and & are the
change of the vector amplitude A" occurs only at the
corresponding dipole (along the f-axis), while a
propagation through all other elements is described
with a change of the betatron phase ¢ (see fig. 1).
Correct positions of the vertical dipoles of the squal
strength were very difficult to find due to dispersion
dependence on the betatron functions (y and ), as
well as due to the other constraints mentioned above.
A satisfactory solution for the vertical ovorpass was
found when the dispersion and the slope of the
dispersion function were very close to zero at the end
of the everpass

The next step in the design was to use the solution

Twiss parameters [2]. A

obtained above as an input for the SYNGH [3] which
calculated the lattice parameters of the whole ring
with a closed orbit

Theoretical Solution

A propagation of the vector (f,€) through the new
overpass is presented in figure 1. The dispersion
vector at the vertical dipole which bends upward is
parallel to the ¢-axis with a negative direction as
the higher moventunm particles are bent. loss.

x
x
A ¢ 3
Fig. 1  Solution obtained by the thin element
approximation. A propagation of the vector (1,f)

through the overpass.

(CH2669-0/89/0000-1831501.00©1989 IEEE

PAC 1989
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Pigure 2 presents positions of the vertical dipoles
in both DO overpasses
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Fig. 2 Schematic presentation of the vertical dipole
positions the old (bold line) and new DO
overpasses

Figures 3 and 4 present the vertical dispersion
function in the MR with the previous DO overpass and
with the new DO overpass, respectively, excluding the

i
IR

Meters around king
Fig. 3 The vertical dispersion function of the Main
Ring due to the previous DO overpass (BO overpass is
excluded)

: Meters around Fing
Fig. 4 The vertical dispersion function in the Main
Ring due the new DO overpass (the BO overpass is
excluded)

To lower vertical dispersion through the BO
overpass and still keep the dispersion match between
the MR and the TEV, higher values of the horizontal
and vertical betatron tunes Qx and Qy were examined.
Wnen the tunes were raised from the designed and
operating values of 19.4 up to 19.6 the dispersion
Vhrough the BO overpass was lowered. The new DO
overpass was shortened by ome MR cell to provide a
better overall solution with the tunes raised to
values close to 19.6. This solution still provides the
dispersion match between the MR and the TEV. The
Vortical dispersion of the mew modificd DO overpass
“hen both the B0 and DO overpasses are included is
presented in figure 5. The function was again obtained
from the output of the SYNCE compuler progran.

= banll A AAAA R AL
LAY V./ \NAAAAR AR
wrers sround g
Fig. 5 The vertical dispersion function of the Main

Ring when both BO and DO overpasses are included.

Experinental Neasurements of the
Vertical Dispersion Function

The results from the theoratical design of the
overpass were implemented in the technical design. The
new DO overpass was built within 10 weeks within the
accelerator shutdown period between Pobrunry and April
of 1988. The start-up of the MR was very successful.
The vertical dispersion in the Main Ring was measured
before and after the new overpass was built, this is
presented in figures 6 and 7, respectively. The
dispersion function was measured from the difference
in the vertical positions of the bean with and without
a zomentum offset.

6 Measured
Main Ring with the old DO overpass

vertical

unction in the

Fig dispersion
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Fig. 7 Measured vertical dispersion function in the
Main Ring with the new DO overpass.

The difference between 108 measured and predicted
valuos can be used to form a distribution function.
The mean value in this distribution was 0.014 meter
while the standard deviation was 0.233 meters. The
intonsity of the beam in the MR was raised from 1.2 x
1012 to 1.8 x 1012 per batch which resulted in a much
higher antiproton production rate (the highest
production rates were over 2 mA/hout). The efficiency
in the MR was raised from 85% up to 83%.

Measurenents of the emittances in the MR before the
extraction and in the TEV at the injection showed no
enittance growth due to a mismatch. These measurcments
were performed with the *flying wire' system [4]

Conel

The start-up of the Main Ring with the new overpass
was_very smooth. The overpass was designed and built
to lower the vertical beam size in the Main Ring by
Towering the vertical dispersion function and to
produce o dispersion match between the Tevatron and
the Main Ring. A high degree of correspondence was
obtained between the predicted and measured values of
vertical dispersion around the whole Main Ring. The
Main Ring performance improved considerably with
respoct to bea intensity (shich vas raised from 1.2 x
1012 to 1.8 x 1012 protons per batch) as well as with
respect to the Main Ring overall efficiency (which was
raised trom 85% up to 93%)
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Can this first magnet be made nonlinear in such a way, that outgoing
orbits are distributed as shown on the right?
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If this magnet can be found, then splitter can consist of 2 or 3 FFA lines
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            If this magnet can be found, then splitter can consist of 2 or 3 FFA lines          FFA line  FFA line 
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