FFA@CEBAF Working Group|Minutes
Meeting date | time 7/29/2022 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex C

	Note taker	Ryan 

	Timekeeper	Alex B



	Attendees
Alex B, Ryan, Alex C, Scott, Reza, Randy, Vasiliy, Dejan, Amy, Stephen, Kirsten, Todd, Jay, Kitty


Intro Discussion
Alex Coxe will provide notes while Ryan is speaking. Thanks!
Agenda topics
Time allotted | 25 mins | Agenda topic NE Spreader Redesign | Presenter Ryan
· [image: ]
· 10 pass spreader Redesign
· Uses Alex B’s linac optics
· Focus on closing dispersion
· Extra quad near the end of linac files, so optics may change a bit
· Ryan will fine tune later as needed
· [image: ]
· Alex says 1.3 T is probably the max strength
· Jay says no show-stopping magnet problems
· Avoid shunts and whatnot
· Seems to be reasonable now
· We will need new magnets
· FFA pass line might need a septum magnet which could be tight
· [image: ]
· Values are different between spreadsheet/Optim, small quads close dispersion
· Possibly due to fringe fields or rounding errors
· Stephen and Alex want to know beam offsets
· Ryan doesn’t have them yet, because each line is separate in OptiM and the view orbit function only shows the orbit for that specific energy, which is, by design, the height of the beamline
· Ryan is unsure of how to get this in OptiM
· Ryan mainly focused on closing dispersion
· Everything is great with the quads on
· Seems to be preferred by some so have control over optics
· Jay says might be getting SR losses due to high energy
· Dispersion differences between energy levels are not small
· Dejan thinks it’s about the codes
· Jay says don’t mix vertical and horizontal dispersion correction
· Scott and Dejan concur 
· About 20m left for horizontal splitters
· Might want to shrink the spreader
· EM hardware might get in the way
· Might want to shrink FFA pass
· Longer magnet
· Would need conductive cooling
· Drift is fully adjustable
· Can be longer or shorter as needed and won’t impact the optics/dispersion
· We haven’t looked into extraction yet
· Hall D can be extracted at a lower E
· Alex wants to see vertical separation
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic FFA Arc Errors | Presenter Alex C
· Redid error studies for Dejan’s lattice – slightly altered to be more like FODO cells
· [image: ]
· [image: ]
· [image: ]
· [image: ]
· Sum comes very close to Dejan’s lattice
· Duped Dejan’s reference energy.
· Kirsten – let’s talk about energy offline
· [image: ]
· [image: ]
· [image: ]
· [image: ]
· [image: ]
· [image: ]
· Got more of the same.
· [image: ]
· [image: ]
· Losing just under 1 GeV without correction (also the whole beam)
· [image: ]
· Error bars only show w/errors, since errors in the ideal case are all ~3 mm.
· Different than last set, where consistently off by a set amount.
· Will implement with correctors and BPMs later.
· Need to look at where orbits start to blow up in general – usually pretty stable with small oscillations for 10-20 m before they blow up.
· Will iterate piecewise 
· [image: ]
· Dejan: don’t like the first picture. Sampling point problem. Doesn’t look like you’re starting with the correct lattice.
· Not enough points plotted. If you plot all the points, it’ll look better.
	Action items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Costing exercise.
· Use LERF infrastructure.
· [image: ]
· Cryo load concerns.
· Steve Benson gave input
· [image: ]
· [image: ]
· Need c-100s but will surpass cryoload
· [image: ]
· Other options, playing with other cryomodules.
· Jay: won’t fit in 10 m. Assume it’s 20 m wide. LERF needs to be 20-25 m wide and 75 m long.
· No space to put injector in top left.
· [image: ]
· [image: ]
	
	Person responsible	Deadline
	
	
	

	
	
	




Special notes 

Pathway to Repository: https://jeffersonlab-my.sharepoint.com/:f:/g/personal/tristan_jlab_org/EqZ5MeS-nipCgPfZB5p0oS4B9Is67d3nQb9sLJI3Zyev9g

NO MEETING NEXT WEEK!
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• Can/will fine-tune 
with suggestions 
from Jay



• Pass 9 is for FFA, so
really 9+



This area might be tight. Septum? 
Other separation method?



This is the 12 GeV 
setup
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qMQB9S01 L[cm]=30 G[kG/cm]=-0.00598968 
qMQB9S02 L[cm]=30 G[kG/cm]=0.001198339 
qMQB9S03 L[cm]=30 G[kG/cm]=-0.005989663



Quads added:
• To adjust optics
• To close rounding errors in 



dispersion
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Contents

Ordering of this presentation:

Orbit and dispersion of (slightly modified) baseline lattice designed by Dejan

» Touch on SR losses as that’s what the lattice is optimized for

Baseline lattice with field/gradient errors

Baseline lattice with position errors

Baseline lattice with all types of errors

* Return to SR loss discussion for lattice with errors

Preliminary conclusions about correction schemes, etc.
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FFAW orbits with no machine errors:

Note that the orbit in the vertical direction is zero everywhere.
The reference energy 20.45 GeV has almost no orbit range.
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FFAW radial dispersion with no machine errors:

Note that the dispersion in the vertical direction is zero everywhere.
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FFAW ‘ldeal Case’

Synchrotron Radiation

* Pass1: 139 MeV*m

* Pass 2: 121 MeV*m

* Pass 3: 104 MeV*m

* Pass 4: 98 MeV'm

* Pass 5: 114 MeV'm

* Pass 6: 158 MeV*m

 Total for all 6 passes: 734 MeV*m

* For first 5 passes (contrast with Dejan’s original design): 576 MeV*m (as opposed to 526)
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FFAW with Gaussian errors on Magnets

These are field and gradient errors

« Field errors have standard deviation of 2.5 x 107°
* Implies maximum error magnitude ~ 1.5 Gauss
« Gradient errors have standard deviation 0.4

* Implies maximum error magnitude ~ 0.5%
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FFAW with magnetic errors

Orbital positions per energy; error bars represent max deviation from average

Field/Gradient Errors
| Ideal Case (Mean) .
¢ With Errors

r (mm)
— -
=

E (GeV)

Ideal Case
¢ With Errors





image10.png
FFAW with magnetic errors - Dispersion
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FFAW with Position errors

Orbital positions per energy; error bars represent max deviation from average.

Position Errors

m  Ideal Case (Mean)

¢ With Errors +

o (mm)

E (GeV)

—— Ideal Case

¢ With Errors ‘

+

+

y (mm)





image12.png
FFAW with position errors - Dispersion

Dispersion with Position Errors
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FFAW with all random errors

Errors induced on each attribute of each element according to previous schema

» Every offset and drift in the whole lattice has an error of up to .25 mm

» Each magnetic field and gradient attribute has an error chosen from a normal
distribution
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FFAW with all errors - Dispersion
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FFAW with all types of errors

Synchrotron Radiation

* Pass1: 240 MeV
* Pass 2: 231 MeV
* Pass 3: 129 MeV
* Pass 4: 117 MeV
* Pass 5: 122 MeV
* Pass 6: 242 MeV
* Total for all 6 passes: 981 MeV

* For first 5 passes (contrast with Dejan’s original design): 739 MeV
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General Analysis

Conclusions and Corrections

« Orbit average positions are ridiculously stable, which may have something to
do with the optimization of this lattice vis-a-vis synchrotron radiation.

« Corrector magnets along with bpms will be critically important to keeping
dispersion down.

* Implementing a simulation of this should be fairly straightforward, but |
haven’t done it yet.

* Further in-depth analysis is required to hypothesize about machine correction
schemes.
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Moving Forward

Machine design changes, dynamic errors, etc.

« This is an error analysis of Dejan’s single FFA lattice for the West Arc

* When there is a design available for the East Arc I'll need to repeat the
analysis there

« I'd like to change the code design to a more abstract structure, but | haven’t
yet.

« After design updates and repeat analysis, the next step will be dynamic errors.

« Very curious to see how resilient the lattice is to time dependent errors vs.
static machine errors.
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Recirculating Injector — Option 1 (2-pass)
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Recirculating Injector — Option 1 (2-pass)
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Recirculating Injector — Option 2 (3-pass)
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Recirculating Injector — Option 2 (3-pass)
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JLAMP - Option 3
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