FFA@CEBAF Working Group|Minutes
Meeting date | time 10/31/2025 | 11 AM EDT | Meeting location 
		Meeting called by
	Alex B.

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B.

	Note taker	Edith N.

	Timekeeper	Alex B.



	Attendees
Alex B., Salim O., Dejan T., Andrei S., J. Scott B., Kirsten D., Patrick N., Roger R., Sadiq S., Vasiliy, M., Volker Z., Edith N., Donish K.


Intro Discussion
· Depolarization Effects of Synchrotron Radiation
Agenda topics
Time allotted | 45 mins | Agenda topic Depolarization Effects of Synchrotron Radiation | Presenter Salim
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Using Ryan’s lattice and Kirsten’s emittance table.
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Don’t have end to end tracking but do have arcs
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Closed orbit is where it needs to be. Small enlargement.
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There is a shift in the gaussian when synchrotron radiation is turned on.
Scott is bothered, when going through arc spin should be polarized vertically, since spins should be precessing around vertical axis, slides indicate that horizontal spin is preserved.
Salim corrected that we do see precession. 
[image: ]
Scott confirms that spin like this would not be pushed through the arc. Salim agrees but is using the study to look at each plane. These plots are a sanity check. 
Scott points out that polarization loss is the goal of the studies. Salim mentions that spin needs to be longitudinally polarized, Scott suggests a spin rotator. 
Alex mentions a Wien filter, Edy explains that a desired spin is back propagated through the machine to determine the Wien settings and that there are “magic energies” where all of the halls can get high polarization.
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Using 10,000 macroparticles since 100,000 crashes BMad
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Small shift is seen under the gaussian
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Part of horizontal is lost, doesn’t happen for positrons, without synchrotron radiation
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Scott is interested in how he gets his phase axis, Salim references the white paper. Scott asks if it’s the average of the macroparticles, Salim affirms that. Scott suggests histogramming the spin values, since he suspects that there is 2pi wraparound from the particles. If the individual particles aren’t on top of each other in a histogram of the phase advances. Histogram individual values before summing up. 
[image: ]
8.5% energy drift, it is a lot. Ggamma at 10 GeV around 22-23.
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Dejan mentions multiple ways of studying spin in BMad, and would like to know which way Salim used. Salim said BMad spin tracking. Scott explains that BMad can calculate spin orbit coupling, aka the effect of spin on the phase space. There is only one way to track particles, the different methods are for spin orbit coupling.
Volker asked if Salim had used any other tools, e.g. Alex Chao’s Slim. Mais and Ripkin wrote papers on spin at DESY. Also papers by Desmond Barber. Talking about how beam size affects precession and dilution. Keeping track is a tricky business. Sokolov Ternov also a potential source. Back of envelope calculations to check magnitude for different effects, is it relevant to take it into account? What is the physics in BMad?
A conversation ensued about individual codes and the underlying physics as well as the people who developed the codes. 
Volker suggests Montague’s paper from the eighties. 
Dejan mentions studies done for eRHIC and Francois Meot’s book about these studies.
A discussion ensues about the gradients involved in FFAs. Scott doesn’t believe that Sokolov Ternov will be bad. Should double check since we use stronger magnetic fields.
Scott suggests plots with energy slices. Highly skewed distributions may be coming from different rates of spin precession within the beam. 
Alex agrees with Volker about the number of different codes and that we should “look under the hood” to see what the underlying physics is. A discussion ensued about this.
Special notes 
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1. 10.55 GeV FFA Lattice Jeffergon Lab
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1.1.10.55 GeV FFA Lattice- Injected Beam  JefferSon Lab
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1.3. 10.55 GeV FFA East ARC - Extracted with No Synclﬁf/e;‘?on Lab

¢ No synchrotron radiation or oscillation, open geometry.

* Arclength
* Phase advance in the ARC (h/v) = 29.445/16.930 referring to:
* Tune per cell (h/v) =0.3993/0.2257
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1.3. 10.55 GeV FFA East ARC — Extracted with No Syncl‘ﬁf/e;?m Lab

¢ No synchrotron radiation or oscillation, open geometry.

* Arclength

* Phase advance in the ARC (h/v) = 29.445/16.930 referring to:
¢ Tune per cell (h/v) =0.3993/0.2257

¢ Change in overall polarization magnitude 1.1e-4

* Comparison of longitudinal spin with Gaussian fit.
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1.4. 10.55 GeV FFA East ARC — Extracted with Sync ONefferson Lab

* Synchrotron radiation and oscillation are ON, open geometry.
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1.4. 10.55 GeV FFA East ARC - Extracted with Sync ONJc.ﬂf/"-‘;zon

Synchrotron radiation and oscillation are ON, open geometry.
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1.4. 10.55 GeV FFA East ARC - Extracted with Sync ONefferson Lab

* Synchrotron radiation and oscillation are ON, open geometry.
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2.2. 21.55 GeV FFA East ARC
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2.2. 21.55 GeV FFA East ARC Jeffergon Lab

¢ Tracked beam with NO synchrotron radiation and oscillations.
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2.2. 21.55 GeV FFA East ARC

Tracked beam with NO synchrotron radiation and oscillations.
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2.2. 21.55 GeV FFA East ARC
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2.3. 21.55 GeV FFA East ARC Jeffergon Lab
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2.4. 21.55 GeV FFA East ARC Jefferson Lab

* Tracked beam with synchrotron radiation and oscillations are ON.
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2.5. 21.55 GeV FFA East ARC - Change in Polarization

The impact of the synchrotron radiation on the spin is dramatical. Shift in the mean and standard
deviation in the longitudinal spin.
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2.5. 21.55 GeV FFA East ARC - Change in Polarization J’gf/e}?on Lab
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2.6. 21.55 GeV FFA East ARC — Change in Tune Jefferdon Lab

iation, Salim

4.4 Depolarization effects of Synchrotron Ra

The betat e aclltions  parice xecutes e rvo-

Tuton (o e i i) n e advance A cecriben (b Al
ot of the betro phve e
AR
0.45
o u
o @y

o
e

by wn 0.35

e =, o e v oo s il st sy, Each pa =
0 sl oot st o mote a3 maio [ th oot e v 4 g 03

o by o el o s o B e 2
o it th e scrs oo, b etk b iblaced o ch distbin & o
3025

s §on=ta) w <
when ) dnoten th bl aergs vl e mcrpariicio £ 02
u 3015

8

12000 14000 16000 18000 20000 22000
Energy (MeV)

cxsexmbe betwee the iia an foal locaions s the btnines!
e g Option A horizontal

™ .m(): s ',,) “wn ~--Option B horizontal =

The mwrage phase advance
co ofthe o

from the ption A vertical

on B vertical

The corrsponing tune contribotion for the i section i

Figure 3.6: Cell tunes of the optimised linear field option B compared to the baseline option A.

&

o

A
() (), .- S. Brooks.
ST eP—

w5 =) -

)

e the phaespace llpe rotates by an angh s ~ 27Q.. Tho method abovo effctively extructs
i rotation angle el o the trackd patick csermble without the e fo explct mateix
A posiive e o cornsponsd o e poonal betatson rotation (lokwise o counterlock
convention). A egative phase dvunce may occur f e cordinate conveation

cucegy o ot (. syoehrolscn adinion i) caso s apparct e

i dependin
@ inverted or

rovesl

4.4.1 Spin diffusal in the ARC due to

synchrotron

o)

whcre P deote th total polaizaion magioske, w5, . . aec th s component o
the thre coordinnte .

"The change in pelarieation betwcen two ocaions (or iws) s then gves by

AP P 9

From the White paper





image19.png
2.6. 21.55 GeV FFA East ARC - Change in Tune - Horizontal
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e The impact of the synchrotron radiation on the tune change calculated from the tracked beam is dramatical.
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PRELIMINARY

¢ The impact of the synchrotron radiation on the tune change calculated from the tracked beam is dramatical.

SYNCH RAD & OSC ON

from initial beam:

from initial beam:

Pha :
Normal . Y + Q- 6.227134
Raw

Phase Ad m lized) NO SYNC: &, 0.6461 rad - Ox = 0.10283 Phase Advance (Normalized) with SYNC: Ap = 1.4271 rad - Qx = 0.22713
ase Advance (Normalize = rad - Qx =
" INITIAL (normalized) FINAL (normalized)
INITIAL (normalized) FINAL (normalized)
0.0002 0.0002
00002 000020
000015
00001 00001
00001 000010
000005
00000 00000
00000 o |000000 a -
0.00005
~ -0.0001
. 0.0001
0.00010
0.00015
- -0.0002
—oo002 0.0002
0.00020
00002 09001 000 ool o0m02 Tod001 oo oobor  aobo: 00002 00001 00000 0000L 00002  -0.0002 —0.0001 00000 00001  0.0002
" s X X

* Arclength 236.271
* Phase advance in the ARC (h/v) = 14.127/2.419
from the lattice, tune=0.1884/0.0325




image21.png
2.6. 21.55 GeV FFA East ARC - Change in Tune - Vertical
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* The impact of the synchrotron radiation on the tune change calculated from the tracked beam is dramatical.
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Conclusions Jefferdon Lab

* Synchrotron radiation and radiation oscillations alter the direction of polarization dramatically, yet
the magnitude of the spin polarization vector is low i.e. 0.0049.

* Depending upon the beam’s energy spread, the spin orientation changes direction.

* There is kind of wrapping in the spin tune: not exceeding 0.7 in one direction, this needs to be
addressed.

* Preliminarily, synchrotron radiation also leads a tune shift. Work is ongoing. Change in orbit and
divergence, in Twiss functions and in dispersion may be critical for FFA transition optics.
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Polarization at SLAC

SLAC-PUB-6694
January 1995
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POLARIZATION AT SLAC*

M. Woods [\\

Stanford Linear Accelerator Center
Stanford University, Stanford, CA 94309

Abstract. A highly polarized clectron beam is a key feature for the current physics program
at SLAC. An electron beam polarization of 80% can now be routinely achieved for typically
5000 hours of machine operation per year. Two main physics programs utilize the polarized
beam. Fixed target experiments in End Station A study the collision of polarized electrons
with polarized nuclear targets to clucidate the spin structure of the nucleon and to provide
an important test of QCD. Using the SLAC Linear Collider, collisions of polarized electrons
with unpolarized positzons allow precise measurements of parity violation in the Z-fermion
couplings and provide a very precise measurement of the weak mixing angle. This paper
discusses polarized beam operation at SLAC, and gives an overview of the polarized physics
program.

Spectrometers
45° 7

End Station
Targety A Moller
3 Polarimeter

Linac
Moller
Polarimeter

0,

¢ |Linac

Electron
Spin

Direction
Thermionic

Source 3
Polarized

-0 e~ Source

Figure 4. Polarized ESA operation.

.gg?egon

Linac

et

Spin Rotation Retum Line
Solenoids .
. X e* Damping
e~ Spin Vemcal\ Y Ring
e~ Damping Ring - .
> ) lectron Spin
Soi etaton”™ )/ Oretion
—Polarized
Thermionic - e~ Source
Source

Figure 5. Polarized SLC operation.

Lab




image24.png
Polarization at SLAC Jefferson Lab

3. Polarimetry

Three different polarimeter techniques are used at SLAC; these techniques are based
on Mott scattering, Moller scattering, and Compton scattering. The ESA experiments rely
on Moller polarimeters, while the SLD experiment relies on a Compton polarimeter. Mott
polarimeters are used in test_labs for polarized gun development work and for photocath-
ode R&D. A considerable amount of work has been done and is continuing to be done at

Mott Polarimeters. Mott polarimeters utilize the spin-dependent cross-section asymmetry

in the elastic scattering of polarized electrons from an unpolarized high Z nucleus® SLAC

has three Mott polarimeters; all are in test labs. [polarimeter to give P, = (64 & 2)%
L

Moller Polarimeters. SLAC’s Moller polarimeters®” measure the elastic scattering cross-
section asymmetry in the collision of polarized beam electrons with polarized electrons in
a magnetized permendur foil (49% iron, 49% cobalt, 2% vanadium). The linac Moller
polarimeter is a|A proper analysis of the linac Moller data then gave P’ = (69 + 3)%

Polarimeter data are acquired continually during the operation of the SLC. The abso-
lute statistical precision attained in a three-minute interval is typically 6P, < 1.0%. The

Compton Polarimeters. The longitudinal electron bea
is measured by the Compton polarimeter “% shown in

Compton-scattered electrons from the collision of the lo K o L. . .

ith & circularly polarized photon beam. The photor systematic uncertainties that affect the polarization measurement are summarized in Table
1 a 2 5

wi y P p P 11T for the 1993 run, where the IP beam polarization averaged over the run was found to be

< Pz“p >= (61.9 + 0.8)%. For the 1994 run, we expect the polarization to be close to 80%,
and with a somewhat smaller uncertainty than in 1993.
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