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INTRO DISCUSSION
AGENDA TOPICS

Time allotted | 30 mins | Agenda topic CEBAF Design Steps| Presenter Dejan

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 8, 050101 (2005)

Design of a nonscaling fixed field alternating gradient accelerator
D. Trbojevic,* E. D. Courant, and M. Blaskiewicz, BNL, Upton, New York 11973, USA

0,=-0.027 Total Circumference C =328 m
L ,=058m Cell length = 4.9697 m

‘———1 Number of cells N = 66

Orbit for &p/p =33.3%

3 QF A//_,//_
5 —— ()':
g [T
REFERENCE ORBIT Orbit for &p/p=0 [ | | | Drife 5 :
_ E (] ora cavity
Ap/p=0 g T
g / " f {1 0.5 Lmv = 0-992 m
a o Ll d

Orbit for &/p =-33.3%

FIG. 1. (Color) Basic half cell. The cell is symmetric

with respect to S=0. The total length of the cell equals: | i
Leen= Leaviy + 2*Lar+ Lap + 2#Lpr.

There are two types of magnets, QD (normal bend,

N
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field Bgp = 4.95T) and Ly=15m

QF (negative bend, field Bgg = -2.29T).

Each has constant gradient, ©4,=0.1436

Gor=57.19 T/m and Ggp= 34.27 T/m.
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e Dejan: many ways to do this; I design the lattice and ten tune the fields after (Scott and Stephen do
it different).


https://jlab-org.zoomgov.com/j/1614898082?pwd=TnUzMS81M2sxbDZIbERJU01tYkJCQT09
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We consider a particle of momentum p and a reference particle with momentum p, and charge q;

the momentum offset is § = p;p(,. The magnetic rigidity of the reference particle is:
0

(Bp)o= %" ; the reference particle is on a reference orbit (assumed planar) with local radius of

curvature po and vertical field By(s)= (Bp)o / po(s). In the cases considered here the field
B (s)and with it the radius of curvature py(s) are constant in each magnet, so that the
reference orbit consists of circular arcs in the magnets and straight sections between the
magnets. We assume that the magnetic field in the dipole magnets is linear:

: ' ‘ T ‘ B", = By + Gx,
How do we find the closed reference orbit in the CEBAF basic
; ; cell?
A m ~— m L 1  To have the same dipole field for the reference circular orbit
T e O] _‘:l: a parameter named RATIO is introduced as: RATIO=QLF/BL,
E ¢k @ 1, where the QLF is length of the focusing magnet and BL is the
° :—\/ Joos length of the defocusing magnet and the bending angle of
P — 2[§[m] 567745 the magnets are connected by the relationship:
i 5. ol B i diigaaalon i tha bl ANG;,=NDIP* ANGBD+RATIO*ANGBD)=
et SR ANG;,,=NDIP*ANGBD (1 + RATIO)) Reference orbits bending

fields are the same in both magnets BD,=BQF,
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Dejan: These designs were intended for light sources; work came from trying to get the lowest
emittance. Stephen contributed to longitudinal varying bending magnets.

Stephen: The concept was not mine, but I did help design some.
Selection of the the tunes at the reference orbit NUX and NUY

The range in the focusing and defocusing tunes
must be within the orbit stability region:
NUX,., < 0.38 and nuy,;,> 0.05

NUX = 0.22208
NUY = 0.0801

The reference energy for the FFAG lattice for electrons is quite different than for other
cases like muons, protons, heavy ions as they do not have large synchrotron radiation
energy loss. As we do not know what is the best reference energy, we can select the one
closer to the highest energy. The final reference energy in the WEST ARC case was:
Ecent=20.45 GeV but this will be explained in more detail later.

The momentum dependence loop can be set-up in any
code knowing the maximum and minimum energy, the

gain by the linac: do 1=0,5,1

These are two examples for PTC and BMAD: X(5)=1*DLTP+DPMAX;
EMAX=22.65D0; Calculate orbits,
EMIN=11.65D0; DLTP=-1.0DO*(PLIN/PCEN); betatron functions etc.
ELIN=2.2D0; DPMAX=(PMAX-PCEN)/PCEN; enddo

ECEN=20.50D0;
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Momentum dependence loop in the Bmad can be done few different ways by using tao

Scott Berg’s way:

1. There is a main bmad lattice file with element definitions

2. 06_05_2025.tao
set global plot_on=f
doi=1,13

the loop file

set sym ke= 10e6 + 20e6*([[i]])

set particle_start [[i]J@pz = (sqrt(ke*(2*m_proton+ke))-ele::0[pOc])/ele::0[p0c]

enddo

set globa] lattice_calc_on=t

set global plot_on=t

3. The tao.init file

| prefer to define the energies and make the loop using “universes”

3/27/25
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4

| define the energies by using files like:

energyl.lat

parameter[pOc] = 16099999991.8906855 ! central energy 16.1 GeV

beam_start[pz] = -0.37888197 Icorresponds 10 GeV miminum energy

!'pz = (p - poc)/poc

!l For arc only

beam_start[x] =-8.03028059e-3
beam_start[px] =0.0
beginning[beta_a] =0.22281250
beginning[alpha_a] =0.0
beginning[beta_b] =5.07769173
beginning[alpha_b] =0.0
beginning[eta_x] =-0.06240713
beginning[etap_x] =0.0

7% n00

The dp/p loop is using universes in the

tao.init file
&tao_start
plot_file = 'tao_plot.init'
startup_file = 'tao.startup'
/

IBeam Initialization
|

&tao_design_lattice
n_universes =5

design_lattice(1)%file = "cell1.lat"
design_lattice(2)%file = "cell2.lat"
design_lattice(3)%file = "cell3.lat"
design_lattice(4)%file = "cell4.lat"
design_lattice(5)%file = "cellS.lat"

/

The cell.lat files

call, file = Dec8_2020_CEBAF.bmad

call, file = energyl.bmad

CEBAF Upgrade — D. Trbojevic June 24, 2025

Dejan: Scott has a different approach which only requires 3 files whereas mine requires 7 files; for
a new-comer it may be more convenient to follow Scott’s approach.
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Summary of the steps in the CEBAF lattice design

Start by the finding the reference orbit by selecting the reference energy

Run the dp/p loop and see if all momenta have stable orbits with tunes conforming
the set-up limits nux,,,,<0.38 at the lowest energy and nuy,,;;>0.05 at the highest
energy '

Check the orbit offsets at both ends of the energy spectrum

Calculate the maximum fields in both magnets using previous orbits by

Bmax= BO+G *xmax

If the field is larger than Stephen’s limits either change the total number of cells and
try again, or readjust the tunes at the reference energy

If everything is stable and the maximum fields are within the magnet limits calculate
the synchrotron radiation loss for each energy

Adjust the central energy such that the total synchrotron radiation loss is minimum.
This is shown in the next slide
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Optimization of the synchrotron radiation loss
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Dejan: Many parameters to look at. One of the more important parameter to look at is the

maximum magnetic field.
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Lattice Functions in a Cell for the WEST-FFA arc

Lattice Cells=98
Leey= 2.440255 m

Magnet Properties:
Focusing Magnet QF
Gg=-71.60551 T/m
Lge=1.4m
0=-0.024771371 rad
Be=-1.209916 T
Bemax=-1.6403 T

Defocusing Magnet BD
Gp=89.643365 T/m
Lgp= 0.8802552 m
0p=-0.005504749 rad
By=-0.427624T
Bomax=-1.631T

Total Synchrotron Radiation Lost

In the West arc from five passes:
EL0ss=525.810 MeV
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e Dejan: Stephen can discuss how they designed it.
e Stephen: The reference orbitin Bmad is confusing; not a real physical thing, but central orbit

is.

e Alex: I put these files and presentation in the sharepoint.

AGENDA TOPICS

Time allotted | 30 mins | Agenda topic Matching Parametric Resonance Presenter

Vasiliy

Matching Parametric Resonance Parameters

« Resonance for each plane and each pass is induced by a dedicated waveform powering the resonance quads
« Each waveform is defined by an amplitude and phase

« The solution is sensitive to the initial guesses for the phases

B, (m)

V.5. Morozov, June 27, 2025

e Vasiliy: Each pass is defined by an amplitude and phase; very sensitive to initial guesses of phases.
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Applying GA Optimization in One Plane

« Resonance is excited in the vertical plane only
« 6resonance amplitudes and 6 resonance phases are the optimization parameters

« GA optimization results after 1000 iterations with a population of 10,000
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Vasiliy: Very complex system, so started with one place initially (vertical). Did provide

“decent” results.

Applying GA Optimization in Two Planes

Genetic Algorithm

Revaton

V.S. Morozov, June 27, 2025

« 12resonance amplitudes and 12 resonance phases are the optimization parameters
« GA optimization results after 1000 iterations with a population of 10,000
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e Vasiliy: Followed same approach but in both planes this time. Performed better than I

expected.

Genetic Algorithm

V.S. Morozov, June 27, 2025
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Equal Betatron Phase Advancesin X and Y

« 64resonance amplitudes and é resonance phases are the optimization parameters
+« GA optimization results after 100 iterations with a population of 10,000

Genetic Algorithm

%.O0AK RIDGE |isése | st
N ot

V.S. Morozov, June 27, 2025

jonal Laboratory

e Vasily: Wanted to try a “naive” example but had very littler effect in the horizontal beta
functions.

What is Next?

« Try X and Y resonance quad families in the equal X and Y phase advances scenario
« Try to couple the resonance from one plane to the other
« Consider different kind of lattice

% QUK RIDCE |2

V.S. Morozov, June 27, 2025

e Stephen: In terms of percentage, how good is the match?

e Vasiliy: Definitely within (or better) than 20%.

e Stephen: Possible to put a different gradient in every magnet or allow the length of the magnet to vary
as well. This will give you some more parameters to vary.

e Dejan: What is very good in this exercises is that the length is only 30m.

e Stephen: It would be interesting to see how does your solution scale with the number of cells.

e Alex: Please put these slides in the FFA sharepoint.

AGENDA TOPICS

Time allotted | 10 mins | Agenda topic General

e Dejan: We did an experiment at the ATF very similar to your LDRD, changed initial conditions to
get the transfer matrix by rotating our assembly.
e Stephen: Much easier to rotate and move the assembly than to bend a 22 GeV beam.
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e Alex: Our range we will be looking is between 5-11 GeV. If you could send us additional stuff for
the set up that would be great. What were the energy of your ions?
e Dejan: From 50 MeV to 250 MeV protons.

4. Research Results and Accomplishments to Date
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Action ltems Person responsible Deadline

Special notes

Pathway to Repository: https://ieffersonlab-my.sharepoint.com/:f:/g/personal/tristan jlab _org/HEgZ5MeS-
nipCeP{ZB5p0054B91s67d3nQb9sL]I3Zyev9¢
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