FFA@CEBAF Working Group|Minutes
Meeting date | time 05/03/2024 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Ryan, Alex C

	Timekeeper	Alex B



	Attendees
Alex B, Ryan, François, Scott, Edith, Alex C, Randy, Stephen, Kirsten, Donish, Roger, Todd, Georg, Salim, Dejan, Tim


Intro Discussion
· Discussion of FOA – no news yet. Likely due early summer.
· In the full proposal, wanted to put side-by-side FODO and new flexible momentum compaction. Please send them to Alex B for full proposal (LDRD).
· Will update when we know if this will progress to full proposal
Agenda topics
Time allotted | 25 mins | Agenda topic Polarization| Presenter François
· Parity experiments need polarization. François here to address how to do this.
· [image: Text

Description automatically generated]
· Will be François opinion based on his experience
· [image: Text

Description automatically generated]
· [image: Text
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Description automatically generated]
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Description automatically generated with medium confidence]
· Just push particles in the proper way here.
· [image: A picture containing text
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· [image: Text

Description automatically generated]
· [image: Text

Description automatically generated]
· Statistical average on some variables
· Energy loss, spin motion, etc…
· Diffusion equation – get sigma equation, proportional to gamma as shown
· Spin procession spreading over energy spreading (bottom right of slide)
· [image: Text

Description automatically generated]
· [image: Text

Description automatically generated]
· Need to push particles. Start with initial conditions, move to M_1
· Proper E and B fields, etc…
· Code in which solver is based on Taylor series technique
· Not symplectic, but close
· Most people use Runge-Kutta
· This is easier for coding
· [image: A screenshot of a computer

Description automatically generated with low confidence]
· Used in eRHIC – electron inside, 1.5 GeV linac injector
· [image: A picture containing diagram

Description automatically generated]
· 2.5 m cell – need 6 x 120 cells
· Periodic orbits
· Push particles and preferred fitting procedures
· Check magnetic fields after
· [image: A picture containing graphical user interface

Description automatically generated]
· Make 1st order TM from raytracing
· [image: Graphical user interface, diagram
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· [image: A picture containing chart
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· Energy loss as function of energy – calculated by raytracing
· If increase energy to 20 GeV range, get discrepancies – this may make things interesting for CEBAF upgrade
· [image: A picture containing graphical user interface

Description automatically generated]
· Polarization – want a constant ratio (8.3) – numerical gives it right
· [image: A picture containing graphical user interface

Description automatically generated]
· Integrated over ramp-up loops
· Polarization down by 10%
· Sigma-phi is yellow
· [image: Text

Description automatically generated]
· CPU time will be minimal
· Opposite from kick-drift technique
· Use the link to see the manual from Zgoubi – roughly 400 pages
· Alex B - Question of symplecity – certain approximations and truncations, so sometimes not preserved. You say “almost symplectic” – how do you measure the departure from symplecticity in the code?
· Long term tracking in RHIC with many terms, first check that. Look at accuracy first. Check that it’s behavior is invariant over many turns
· Step size is the knob to get accuracy
· For a recirculator, just check against analytical expectations from theory
· AB – check transfer matrix to see if it’s symplectic by inspection
· Yes – that’s another way. Determinant won’t be =1, but differ by maybe 10^-6
· Get matrix from interpolation – may not be due to tracking
· AB – so symplecticity violation is not that important
· Right
· Spectrometry people care more – they are happy with Lorentz force interpolators 
· Dejan – better to do things right than BS about a hundred thousand turns
· Dejan – we should check where are we with each pass WRT the resonances. Especially 0.33 resonance
· CBETA had problems with that.
· François – my experience at CBETA – problem is mostly in combiner lines (not the FFA lines)
· Dejan – b/c we missed the 0.33 resonance
· For FCC ERL, 100 km ring – checked spin resonances over 100 km loop, and can have spin resonance and betatron tunes related
· Alex B – so for us, it’s 75 cells or less. They’re periodic
· François – when we gave the spin class 4-5 years ago, there’s a numerical exercise which is exactly this. The problem was pointed out at SLAC for the collider. They got polarization deterioration due to spin resonance conditions in arcs between linacs and collision point
· USPAS spin class book (Yves Roblin)
· Able to recover the results from SLAC
· Alex B – even along LINAC, each linac has periodic cells. So going 20 periods, will there be some sort of resonance problems?
· Scott – you won’t see 1/3rd in LINAC. Mostly we’re worried about the linear resonances at lower energies. Doubt that the LINAC is a concern
· Scott – depends what you do. If you do your technique where you grade the linac so lowest pass is flat, then worry about ¼ resonance. Otherwise you’ll fly through.
· To manage betas, make sure phase advance of first pass is higher than ¼
· 150 degree phase advance in triplets
· For arc – the question is a valid point
· Dejan – François just published big book on accelerator physics
· Open access at Springer – 650 pages (700 limit)
· Cover history of accelerators from electrostatic to present
· Alex B  wants to use it for USPAS
· It’s still in production. Need to read the proof
· Dejan – without looking at magnetic fields you can do a lot of studies, but they’re not valuable. The codes not based on real fields are not reliable.
· Stephen – had short non-linear magnet (large entrance angles) – lots of dynamical terms are not small (assumed in MAD) – so have to use Muon1 or Zgoubi for that.
· For CEBAF, mapping might work better b/c the magnets are far larger. Disagreements are much smaller
· Dejan – measured end fields of permanent magnets in office. Knows shape and can compare to predictions.
· François – wouldn’t say it doesn’t matter for CEBAF. Yves showed that vertical dipole (BCOM) – Lorentz force solver, could not find first order transport coefficients. Tried to match matrices by varying the Lorentz solver, edge angles, etc… - never could do it
· Stephen – differences were 0.003 in tune difference for CEBAF – way smaller difference, but present
· Dejan used sector magnets – can’t do that
· Alex B – we know it handles spin/orbit, how does it compare to others?
· Does Bmad have spin-orbit
· Alex C – yes, Bmad has spin tracking.
· Alex B – so we could compare
· Alex B – looking at Etienne Forrest – did he add into Bmad?
· Georg – Bmad has many spin routines. Integration, nonlinear mapping, spin-orbit coupling, etc…
· Alex C – Bmad/Julia code – developers are working with Etienne to include a lot of this built in
· Alex B – Etienne helped with JLab’s EIC too.
· Etienne and François compared Runge-Kutta and Lorentz
· Dejan – heard there’s a possibility of running CBETA (related to small SBIR company). Might get one turn
· Georg – we are preparing a list of items to make a proposal for high-current 1 turn with X-Light
· Side CBETA discussion…
· Bmad school – no remote option.
· Bmad user lunch and a breakout session
	
Action Items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic IPAC | Presenter All
·  [image: Graphical user interface, text, application, email
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· Lots of abstracts – please upload to the drafts as they’re ready
	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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A preliminary encouragement:

e Those of us considerir@, and using, a beam optics code as a black box are non
concerned by these slides

o just quietly take a nap for the next 15 minutes

SINFAINOD
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1 Computation Methods

(i) I don’t see, at all, wby one interested in beam optics should spend their life
wondering about the following:

- is that 1st order coordinate transport I am using ok? Should it be more (2, 3,
4, 5, more?), is that going to be symplectic?

This is an important question as jeopardizing coordinate transport is going
to jeopardize spin transport - very sensitive to coordinates

- Repeat the question: is that 1st order spin transport I am using ok? Should
it be more (2, 3, 4,5, more?), is that going to be symplectic?

- is the implicit field model behind the matrix/kick-drift style of code I am using
a realistic representation of actual fields in the optical elements I am consid-
ering?

- oh, and by the way: what about kinematic non-linearities, does the mapping
techniques I am using account for these? To what order? Accurately enough?

- nice colleagues gave me field maps ... should I compute an equivalent map-
ping?

Why would you do that ????
- Is it ok to concatenate SR kick at dipole exit?

SAOH.LAN NOILLVLNdNOD '
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Computation Methods (cont’d)

- Oh! BTW, and what about fringe fields ?

Good point, EMMA or CBETA magnets were only fringe fields!

KURNS 150 MeV scaling FFAG in the injection region is only frige fields.
- and blah, blah, blah (sorry to truncate the list of worries)

(ii) The simplest way to escape wasting time trying to figure out all these issues and
the counter measures it requires regarding computer code developments,

so as to spend time, instead, focusing on beam physics,

is to do what spectrometry people have been doing since the 1950s - and here at
CEBAF as well since the 1980s:

Use a numerical solver for the Lorentz force equation F= q(E + 7 x E)
and for the Thomas-BMT equation S =5xQ

(iii) Actually FFAG design and operation since 1950s has shown the necessity of
- using a numerical solver (Runge-Kutta, at the time)
- concurrently with 3D field models B (z,s,y) or field maps (yes: 1950’s, com-
puted field maps)

(iv) This is what people who understood the above do: myself, Stephen, but not only,
Jjust take a look into JaCOW and FFAG workshops, and see next slide

SAOHLANW NOILVLNAdNOD !




image6.png
Computation Methods (cont’d)

Outcomes of th&ynumerical solver techniques are as follows (the list is not ex-
haustive) [Reference: FFAG workshops, JaCOW]:

- All 1950s MURA FFAGs worked fine,
- KEK 150 MeV ring has betatron resonance issues and we understand why
- Other productions in Japan:

« induction acceleration in a spiral FFAG,

« ERIT,

« high power electron FFAGs,

« serpentine acceleration in a scaling FFAG, etc.,

they all work(ed) fine

- RACCAM spiral FFAG prototype dipole did deliver scaling optics: constant
tunes over 8-200 MeV

- Demonstration of serpentine acceleration in EMMA worked fine, the on-line
code was a Lorentz force solver

- CBETA FFAG recirculating loop, 4 beams, worked fine

SAOH.LAN NOILLVLNdNOD '
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Computation Methods (cont’d)

To summarize, regarding spin diffusion:

- Best accuracy on spin precession perturbation by SR is from a numerical solver
technique, as b

- it applies SR momentum Kick at each integration step,

- it allows using as accurate as desirable 3D field models

SAOHLAN NOILLVLNdNOD '
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2 For the record: dynamical effects of synchrotron radiation ...
... or, where particle transport does not abate to matrix products

21 Particle dypamics

o Electrons circulating in eRHIC arcs loose energy by synchrotron radiation (SR)

Energy loss at top energy
in an eRHIC FFAG arc, AE/FE
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- energy spread,
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o The energy loss causes a displacement of the beam centroid.

Over a distance [s;, 5] :
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22 Spin diffusion

.. is a spin-off !  of what precedes

&

Pushing particles in E and/or B fields, it comes for free :

SPIN DYNAMICS
+ » = SPIN DIFFUSION
STOCHASTIC ENERGY LOSS BY SR
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Spin diffusion (cont’d) N
The spin vector is injected horizontal in eRHIC, and precesses around the vertical magnetic field
according to [N
¢ = aya
Due to stochastic SR energy loss, spin precession undergoes stochastic spreading (‘“spin diffusion”).
Solving the diffusion equations in constant magnetic field provides a theoretical approach:

AE? 1 0 0 AFE? s
AEAg | = as 1 0 AEAG +wx | as’/2
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s is the distance in the field,

o Cy o 52 e a 1
w= /)3X(If. VE*~1.44 x 10 /):zE 0= S ™ G106,

Xe = hi/m.c = electron Compton wavelength, C' = 110v/3/144,
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Assuming a starting state | AEA¢ = () (start of an arc for instance) yields
Ag? o
=

op = AE?" = /5 (cf. the familiar o/ E = 3.810 “;;Z—’Z\/E)

1/2

‘ as o,
o5 = A" = =

=—op, or, given s=27p, — =823 [rad/GeV/turn] (1)
V3 oE

DU LOYHONA S 4O SLOHAAT TVIOINVNAA -dJOIHd HH.L 404




image13.png
3 Lorentz force and Th-BMT precession solver machinery

In passing, the preceding slides may have made it clear:

a Lorentz force solver beam optics code on the one hand, and a matrix/kick style of beam optics
code

procede in exactly opposite ways:

- an LF solver computes particle coordinates. IFF transport coefficients are needed, they are
derived from particle coordinates

- a matrix/kick style of beam optics code uses matrices/kicks and their products. It derives particle
coordinates from matrix/kick transport




image14.png
Lorentz force and Th-BMT precession solver machinery (cont’d)

HERE IS HOW TO GET RID OF THE TIME-WASTING 10+ QUESTIONS OF SLIDES 3-4:

d(mv) oA
=q(€+UxD),
i~ )
dS  q =
P _15vg
dt  m
with & = (L +~7G)b+ G(1 —7)b,
Reference G : gyromagnetic factor, v : Lorentz

Position and velocity of a particle, pushed from loca- relativistic factor, ¢ : velocity of light,

i ) . . . q : charge, m :mass.
tion M, to location M, in magnet frame. 1 8

o In Zgoubi, both equations are solved using a truncated Taylor series in the step size As,

a(My) ~ a(Mp) + 9ty as+ ..+ 2 ¢ (My) as
ds ds”

@)

n!

- Solving particle motion : @ stands for position R or normalized velocity @ = 7/v,
- Solving spin motion : d stands for the spin S.

o The local magnetic field and derivatives determine the coefficients o) = d"a/ds" in this Taylor
series.

o Runge-Kutta solver is not very different - does not require filed derivatives, though.
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4 Methods for eRHIC FFAG lattice design

FFAG Recirculating Eloctron Rings ERL Cryomodules
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Figure 1: eRHIC ERL with its two recirculation loops alongside RHIC. The top left box shows a cross-section of the FFAGT
(low energy) and FFAG? (high energy) recirculating loops. The 1.322 GeV linac is located in RHIC IR, it is connected to
the FFAG loops by a merger section (resp. spreader) at its upstream (resp. downstream) end.
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eRHIC optics, order 0
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eRHIC optics, 1st and 2nd order
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5 Assessing the numerical integration method: ray-tracing results v. theory

5.1 Energy loss and spin rotation over 27 orbit (6 x 120 cells)

o Track 10' particles over a turn, including step-by-step stochastic SR.
- All emittances are zero at start of turn
- All starting spins are aligned on longitudinal axis.

o Differences arise with increasing energy. Spin-wise, that matters.
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52 Energy spreading, spin motion spreading

o Turn by turn:
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Turn-by-turn in FFAG2 loop (markers; the lines are to guide the eye) : final polarization
(< cos A¢g >, left axis) and spin diffusion (o, right axis) in a 5000-particle bunch (zero size at
start of a turn), for the 12 different energies 6.622 to 21.164 GeV, step 1.322 GeV.
Cf. Eq. 1 (slide 12):

~ 10 from raytracing.
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o Cumulated:

An End-to-end simulation: track 10! particles over 12 complete 27 loops, 6.622 — 21.164 GeV

Initial Gaussian g,~¢,~50n rms, dp/p:i:*>><1074
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Evolution of cumulated spin diffusion in the case of a 11 linac-pass acceleration cycle (12 complete
6-arc loops), 6.622 — 21.164 GeV.




image22.png
6 In conclusion

Use a numerical solver for Lorentz force and Thomas-BMT equations:

o Expect highest accuracy on particle and spin motion, from accuracy on field models (including
field maps when necessary) [N

o Potential for high accuracy statistics, using a large number of particles.
CPU time is small anyway, given the reduced beam line length.

o Want to know more? 400 pages detailing the technique, 60+ field models, a beam optics code which
has been doing just that the past half-century?

https://sourceforge.net/p/zgoubi/code/HEAD/tree/trunk/guide/Zgoubi.pdf
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Spin Diffusion in FFAG beam lines




