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FFA Beam Transport Test

LDRD Proposal Discussion v2

05/30/2025

Proposal Title: FFA Beam Transport Test at CEBAF — M Scoping and Beamline Modifications
Principal Investigator, Division: Salim Ogur (CASA)

Co-Investigator, Division: Domish Khan (CASA), Alex Bogacz (CASA), Edith Nissen (CASA)
Contributors, Division:

Advisor(s), Division: Stephen Brooks (BNL), Dejan Trbojevic (BNL)

.!gf.t/er?on Lab ENERGY

No green light yet on the LDRD proposal.
e Regardless of green light, underlying studies in proposal are still good to have for overall
knowledge of FFA cell (and paper for NAPAC).
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Today in this presentation

The FODO magnet of S. Brooks already serves for 11 GeV beam. Half or full cell, periodic or open.

Je

on Lab

The flexibility of the existing magnetic hardware (quadrupoles, corrector magnets, etc.) in the BSY beamlines for matching
to the FFA magnet. Matching to 11 GeV periodic solution of the FFA Cell.

Whether additional magnets (quadrupoles, skew quadrupoles, horizontal/vertical correctors, etc.) and beam diagnostics
elements are needed. A discussion.

Whether the exact location of the FFA magnet array in the BSY beamline, so that the proposed goals are achieved. The first
of the 3 dipoles for now.

The closed orbit (beam position and divergence) and matched (horizontal) dispersion functions using bends and correctors.

An example at 11 GeV, except the centroid position and angle.

The beam polarization stability through the FFA magnet. The SLAC polarization example.

The 6D acceptance of the FFA magnets. Later.

1.1- FFA Lattice for 11023 MeV

* Periodic solution for a full FODO lattice at 11023 MeV.
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1.2-FFA Lattice for 11023 MeV

Only Twiss(a,B) matched to its periodic solution, zero-dispersion and on-axis entrance for a full FODO

lattice at 11023 MeV.

Almost periodic Twiss(a,B) returned, is this what we seek?
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o Stephen: The closed orbits do not make sense; they are too large and will fall out of the
magnet. You need a new angle/position otherwise experiment fails.
* Dejan: Use triplet with right angle of entrance and “slide” for different energies
» Stephen: All that matter is that the closed orbit doesn’t fall out of the magnet.
* Alex B: We can use correctors to keep the orbit within the FFA magnet.
o Donish: Why is there a discontinuous jump in the orbit after the magnet?
» Kirsten: The jumps are an artifact of using patches in Bmad.
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1.3- FFA Half-Lattice for 11023 MeV ‘¢

No closed orbit found for neither of BD or BF magnets at 11023 MeV!

on Lab

Full-cell’s periodic Twiss functions with zero-dispersion and centered orbit returns followings for BD and

BF respectively:
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= Salim: No closed orbit could be found, but I am attempting to explore what we can

study here.

= Stephen: You will not have a stable orbit, you only have one component of the
FODO. You need match into the cell.

* Dejan: Inject the beam into your magnet with the proper injection conditions (Twiss

parameters, orbit spatial and angular offsets).

e Donish: You can use an "Open" lattice with proper injection conditions
instead of “Closed” lattice setting.

e Salim: In the next slide (slide labeled 1.4 FFA) I used the closed orbit solution

and injected into the FFA.

e Kirsten: The coordinate system used by Alex C. shows that the orbit is not

aligned (see screenshot below).
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1.4- FFA Half-Lattice for 11023 MeV  Jsfferson Lab

* No closed orbit for neither BD or BF magnets at 11023 MeV!
* Full-cell’s periodic Twiss function, orbit and dispersion are injected to BF magnet returns nearly-closed
orbit

YL O PO Y

e Stephen: I'm confused about the orbit coordinates. It still shows a 4 cm offset which would result

in a failure.

©)

o O O O O O O

O O O O

Kirsten: One thing to keep in mind, the zero orbit is not where you think it is.

Scott: Would be better to align with coordinate system that Stephen is using.

Kirsten: It just a transverse translation between coordinate systems.

Scott: We have an understanding of what is happening here, we know what to do and can
move onward.

Dejan: I'm surprised that we took this as the nominal orbit.

Salim: Is this something we (someone) should fix?

Everyone: Yes.

Kirsten: I will take a look at it, I'll emphasize that this lattice has been presented many
times before.

Alex: If we can fix and put it in the Github that would be great.

Kirsten: Alex C used offsets of magnets (DX) and patches at the end.

Scott: Make the zero the same as Stephen’s coordinate system.

Dejan: When I recreated this magnet I used sector instead of rectangular magnets with no
disagreement. Why is all this patches being used here complicating everything?

Stephen: This is a engineering decision; I'm using rectangular magnets to construct the
FFA.
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2- Full Magnet at BSY Dumpline Jefferson Lab

The initial thought was to put the FFA cell just before the dump as the 3 dipole magnet, and think of the skew-
quadrupoles for measurements.

However, it makes much more sense to be the 15t dipole, in other words, just after the triplet magnet, i.e. easier
matching. Below a full cell green rectangles

e Alex: We will use a wire scanner after the FFA magnets to do measurements (after green magnets

in above)

2.1- Full Magnet at BSY Dumpline  4efferson Lab

Let’s match to the periodic solution we found for the Full Magnet, using the available triplets and steerers.

By putting the FFA as the first of the three dipoles, the beam blows-up afterwards, needs to be suppressed before
the beam dump, might be useful for emittance.

sdds2stream *twl -col=s,betax,alphax,betay,alphay, etax,etaxp,etay,etayp | sed -
.710469200000000e+Q] 3. 7128“960769“2“29'66 2. 62857991‘3“11912*00 6. 75"996239696638@66 =2. 0118‘069393376212*00 1. 93680928"9879542 02 -4.999765323622049e-03 0.000000000000000e+00 0.000000000000000e+00
(u})

e Salim: I imported the FFA magnet array into Elegant; not sure if I trust it completely. This was

done purely for demonstration purposes.
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e Salim: How about if we use the upstream triplet to scan the beam parameters for measurement.
e Scott: Why not build an FFA magnet so that the alpha’s and dispersion prime are zero at the exit.

3. Polarization at SLAC Jefferson Lab

SLAC-PUB-6694 Spectrometers
January 1995 45°
(A/E) 5

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 mucleon and to provide
an important test of QCD. Using the SLAC Linear Collider, collisions of polarized electrons
with unpolarized positrons allow precise measurements of parity violation in the Zfermion

couplings and provide a very precise measurement of the weak mixing angle. This paper Thermionic
discusses polarized beam operation at SLAC, and gives an overview of the polarized physics Source
program.
e
Ta23M
Figure 4. Polarized ESA operation. Figure 5. Polarized SLC operation.

e Salim: Are we going to measure polarization? I am looking at examples conducted at SLAC.
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3. Polarization at SLAC

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)%|

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 alA proper analysis of the linac Moller data then gave P’ = (69 + 3)%,|

Compton Polarimeters. The longitudinal electron beam polarization (P.) at the SLC IP

is measured by the Compton polarimeter “* shown in Figure 7. This Lolarimeter detects
Compton-scattered electrons from the collision of the longitudinally polarized electron beam
with a circularly polarized photon beam. The photon beam is produced from a pulsed

e Salim: SLAC outlines how to do this in three ways.
e Dejan: In prior studies (Francois et al), polarization was found to be preserved in FFA. Very
comprehensive studies.
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Conclusions Jefferdon Lab

* A Full magnet can be placed at BSY Dump line.
¢ Existing triplet would suffice the matching and beam waist scan before the FFA magnet.

* Beam size just before the beam dump requiring some optimization including the
introduction of (skew) quads which might be useful for emittance measurement after the
FFA magnet (and the other two long dipoles).

* Studying the closed orbit, periodic case might be useful.

* The SLAC polarization paper asserts the polarization measurement, at least at BSY dump
line, is difficult and might not result in an accurate measurement. Having the FFA testbed
at the Hall C case might be different.

e Alex: Need to determine if the polarization can be meaningful to measure before we put it in
proposal.

e Alex: Need to reconcile the coordinate system of the FFA magnet in Bmad.

e Dejan: Stephen has done studies

Special notes

Pathway to Repository: https://ieffersonlab-my.sharepoint.com/:f:/g/personal/tristan jlab _org/HEgZ5MeS-
nipCeP{ZB5p0054B91s67d3nQOb9sL]I3Zyev9¢
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