FFA@CEBAF Working Group | Minutes
Meeting date | time 5/13/2022 | 11 AM EST | Meeting location (virtual) 	 
		Meeting called by
	Alex

	Type of meeting
	Weekly Meeting

	Facilitator	Alex

	Note taker	Ryan 

	Timekeeper	Alex



	Attendees
Ryan, Alex B, Kirsten, Jay, Kitty, Alex C, Andrei, Randy, Vasiliy, Dejan, Scott, Stephen, Eric, Todd


Intro discussion
FFA workshop upcoming – deadline August 1 for registration
ARW workshop upcoming (reliability) – will be in NN in October. Might be good to have representation here, since reliability during upgrades is a topic.
Agenda topics

Time allotted | 25 minutes | Agenda topic Emittance Dilution | Presenter Kirsten
· Second look at previous work: update on transverse emittance growth, loss, energy spread
· All radiation integral based
· [image: ]
· [image: ]
· Not solved bending field problem yet
· Removing patches makes it work
· How to define magnets in BMAD to get “right field”
· Could compare theoretical field to what you’re getting, see which code diverges the most
· Previously, BMAD agreed well with Muon1 
· Send to Dejan to check code?
· Scott uses different approach, but always gets the same result
· Set reference energy (Dejan’s method), Scott uses each universe separately
· Scott: You’re using a DB field? – yes
· Tried B-field nonzero, added edges, went poorly
· Problem in BMAD with rectangular vs sector
· Scott: Want to represent magnet properly (as designed) generally involves there is no geometric bend, but electric field, then adding geometric bend into patches. I think there’s something simple going wrong here.
· Probably simple to fix, once you find it.
· Send file to Dejan and Scott.
· Concern of using FFA1 reference energy of 11.5 GeV – 70 cells with SR to find good solution, you’ll need a reference energy closer to 7 Gev, because you’ll get the wrong loss.
· If calculating by pushing particles, doesn’t matter about reference energy
· For a “first pass” – here’s 70 cells, turn on SR, how to get particles/angles right
· Do this before pushing particles.
· Get in the ballpark with radiation “on”
· Dejan calls circular orbit the reference energy, Scott and Stephen don’t quote reference energy
· Scott: no intrinsic assumption on circular orbit
· [image: ]
· BMAD manual 
· Will get sorted when pushing particles
· [image: ]
· [image: ]
· Dejan: this isn’t the orbit I’d like to see.
· This isn’t the right orbits you’d see in the ring
· Scott – not necessarily, we’d have to look more
· Scott: show the orbit in floor coordinates
· In floorplan plot, set parameter with multiplier for orbits – it’ll show floor orbits multiplied by some factor to see them
· [image: ]
· Stephen had 0.8 GeV total loss, Kirsten gets 1.2 GeV
· Muon1 might be “too realistic” – needs to be figured out
· Get 40 MeV in the highest passes at CEBAF now – scales to the 4th power
· 640 MeV as a very rough estimate – not out of line
· We have about a 2/3 fill factor now
· [image: ]
· Energy spread accumulation – large number (compared to analytic number)
· If SR is high, then spread is high, but this is all from radiation integrals
· Will be more accurate once model improves
· In extraction region and hall lines, we don’t have an energy acceptance more than ~1.5e-3
· Could never get clean match through double-peaked line – reverted to 4 m
· Smaller passes with double peak, but at 11 GeV will likely go back to single peak
· Can’t figure out “why things don’t work”
· Kitty has Hall lines in MadX format – please include in offline discussions
· FFA2 seems to have an energy spread/loss problem
· Part of why Jay is pushing for 1 FFA topping out at ~20 GeV with 4 EM (higher fill factor) and 1 FFA arc
· How doing accumulated spread?
· No compensation in arc, and no other sources, and no compensation between arcs.
· Alex: the numbers are 2e-3 from his calculations – this is much, much too high.
· [image: ]
· [image: ]
· Kirsten: perhaps made cumulative the wrong way – simply added
· Stephen, might need to add in quadrature 
· Alex: variance of energy spread, then take square root
· Overestimated energy spread – will update spreadsheet
Conclusion 
[image: ]
	Action items
	Person responsible	Deadline
	
	
	


Time allotted | 5 minutes | Agenda topic IPAC22 | Presenter All
· Ryan Poster on general FFA@CEBAF
· Vasiliy on FFA applications
· Stephen on magnet design
Conclusion 

	Action items
	Person responsible	Deadline
	
	
	



Time allotted | 5 minutes | Agenda topic AOB | Presenter All
· Discussion regarding hall beam delivery lines
· Still need new septa
· Best anyone has done is 1.5 m of peak dispersion
· Need more studies for this.
· Jay will send around files. Kitty and Alex
· ~1mm off at the pivot in X
Conclusion 

	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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Modeling

* QD and QF are modeled using combined function dipole, with zero dipole field
- Equivalent bend angle added as patches to either end of both magnets
- Dipole field error set (so field, but no coordinate bending)
- Some reference energy is set, then each energy is treated as an off-energy particle

» These patches do cause a noticeable elbow in the orbit plots — ignore these

« Similar results when putting bend of each magnet in single patch after the magnet

« Problem — field seen by beam using this approach does not match Stephen’s field
- This is not solved by removing patches
- Probably explains orbit discrepancy
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Synchrotron Radiation Integrals

« Taken from the BMAD manual (20.3)
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FFA 1

Energy Energy Loss  Energy Spread Norm Emit Growth Energy Loss Energy Spread Norm Emit Growth
(Gev) Gamma Qx Qy /cell (eV) /cell (eV) /cell(mm-mrad) /arc(eV) /arc(eV) /arc (mm-mrad)
7.2 14090.01957  4.13E-01 3.34E-01 5.28E+04 5.28E+04 1.20E-05  3.69E+06 3.70E+06 8.37E-04
8.3 16242.66145  3.42E-01 2.44E-01 8.58E+04 8.19E+04 1.66E-04  6.01E+06 5.73E+06 1.16€E-02
9.4 18395.30333  3.00E-01 1.89E-01 1.23E+05 1.12E+05 6.62E-04  8.59E+06 7.87E+06 4.63E-02
10.5 20547.94521  2.71E-01 1.51E-01 1.60E+05 1.38E+05 1.59E-03  1.12E+07 9.67E+06 1.11E-01
11.6 22700.58708  2.49E-01 1.21E-01 2.01E+05 1.54E+05 2.75E-03  1.41E+07 1.08e+07 1.93€-01
12.7 24853.22896  2.31E-01 9.56E-02 2.64E+05 1.69E+05 4.16E-03  1.85E+07 1.19E+07 2.91E-01
13.8 27005.87084  2.16E-01 7.35E-02 3.97E+05 2.23E405 8.49E-03  2.78E+07 1.56E+07 5.94E-01

14.9 29158.51272  2.03E-01 5.25E-02 6.95E+05 3.69E+05 2.71E-02  4.87E+07 2.58E+07 1.90E+00

1.98E+06 1.30E+06 4.49E-02  1.38E+08 9.11E+07 3.15E+00
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FFA 2

Energy
(Gev) Gamma
16 31311.15
17.1 33463.8
18.2 35616.44
19.3 37769.08
20.4 39921.72
21.5 42074.36
22.6 44227.01

Qx

3.48E-01
3.23e-01
3.03e-01
2.86E-01
2.72e-01
2.59E-01
2.48E-01

Qy

1.56E-01
1.33e-01
1.12E-01
9.33E-02
7.54€E-02
5.75E-02
3.73e-02

« Total emittance dilution:

3.15 + 115 = 118 mm-mrad

/cell (eV)

4.61E+05
7.11E+05
1.12E+06
1.77E+06
2.79E+06
4.36E+06
6.69E+06

1.79+07

« Total SR loss:

/cell (eV)

2.57E+05
3.76E+05
5.64E+05
8.46E+05
1.24E+06
1.79E+06
2.51E+06

7.58E+06

/ cell (mm-mrad)

5.53E-03
1.26E-02
3.24E-02
8.40E-02
2.09E-01
4.88E-01
1.08E+00

1.91E+00

138 + 1070 = 1210 MeV

2.77E+07
4.26E+07
6.71E+07
1.06E+08
1.68E+08
2.62E+08
4.01E+08

1.07E+09

« Total energy spread:
91 + 455 = 546 MeV

/ arc (eV)

1.54E+07
2.25E+07
3.39E+07
5.07E+07
7.46E+07
1.07E+08
1.50E+08

4.55E+08

Energy Loss Energy Spread Norm Emit Growth Energy Loss Energy Spread Norm Emit Growth

/ arc (eV) /arc (mm-mrad)

3.32E-01
7.59E-01
1.95E+00
5.04E+00
1.25E+01
2.93E+01
6.48E+01

1.15E+02
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A Closer Look: Energy Spread

FFA1

FFA2

Energy Relative Accumulated

(GeV) Spread
7.2 5.13E-04
8.3 7.24E-04
9.4 9.14E-04
10.5 1.07E-03

11.6 1.21E-03
12.7 1.45E-03
13.8 2.01E-03
14.9 3.27E-03

« Total emittance dilution:
3.15 + 115 = 118 mm-mrad

Spread

5.14E-04
1.31E-03
2.40E-03
3.75E-03
5.25E-03
6.90E-03
9.07E-03
1.27E-02

Total SR loss:
138 + 1070 = 1210 MeV

Energy
(Gev)

16
17.1
18.2
19.3
20.4
215
22.6

Relative Accumulated

Spread
9.63E-04
1.32E-03
1.86E-03
2.63E-03
3.66E-03
4.98E-03
6.65E-03

Spread

6.66E-03
8.07E-03
1.02E-02
1.34E-02
1.80E-02
2.47E-02
3.41E-02

« Total energy spread:
91 + 455 = 546 MeV
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Energy loss, Emittance Dilution (Two FFAs: 4 + 4 pass)

E [GeV] | Fill factor | p [m] |AE [MeV] | <H>[m]| Ae i [m rad]| Ae y[m rad]| A"°C . | AG . p
FFA7 83 0.876 70.6 3 4.0E-03 3.3€-08 14&-05 2.2€-05 1.86-04
FFA8 9.4 0.876 70.6 5 4.0£-03 6.8E-08 3.5E-06 3.1E-05 2.1E-04
FFA9 10.44 0.876 70.6 7 4.0£-03 1.3€-07 3.6E-06 4.0E-05 2.56-04
FFA10 | 1152 0.876 70.6 1 4.0E-03 2.48-07 3.9E-06 5.1E-05 3.06-04
FFA11 12.60 0.876 70.6 16 4.0E-03 4.1E-07 4.3-06 6.4E-05 3.6E-04
FFA12 13.68 0.876 70.6 22 4.0E-03 6.7€-07 4.9E-06 7.9€-05 4.4E-04
FFA13 1474 0.876 70.6 30 4.0E-03 1.0E-06 6.0E-06 9.5E-05 S5.4E-04
FFA14 15.80 0.876 70.6 39 4.0E-03 1.6E-06 7.6E-06 1.1E-04 6.5E-04
FFA1S 16.86 0.876 70.6 51 4.0E-03 2.36-06 9.9E-06 1.36-04 7.86-04
FFA16 | 17.90 0.876 70.6 64 4.0£-03 33E-06 1.3€-05 1.5E-04 9.4E-04
FFA17 | 1892 0.876 70.6 80 4.0£-03 4.7E-06 1.8E-05 1.86-04 1.1€-03
FFA18 | 1993 0.876 70.6 99 4.0£-03 6.4E-06 2.4E-05 2.06-04 1.36-03
FFA19 | 2092 0.876 70.6 120 4.0£-03 8.5E-06 3.36-05 2.36-04 1.5€-03
FFA20 | 2189 0.876 70.6 144 4.0£-03 1.1E-05 4.48-05 2.66-04 1.86-03
FFA21 2284 0.876 70.6 170 4.0E-03 1.4€-05 5.9E-05 2.8E-04 2.1E-03

H =y D:+2a DD, +BD]

Final Energy [GeV] 237

|Total Energy Loss [MeV] 964
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Energy Loss, Emittance Dilution (3-pass CEBAF)

E[GeV] | Fill factor | p [m] [AE [MeV] | <H>[m] | Ae J*[m rad]| Ae y[m rad]| A"C  z x| A p
arcl 17 0.063 5.1 0 1.86-01 2.4€-08 2.4€-08 6.3E-06 6.3E-06
arc2 28 0.127 10.2 o 1.86-01 1.1€-07 1.4€-07 1.1E-05 1.76-05
arc3 39 0.126 10.2 1 1.86-01 8.0E-07 9.4E-07 2.4€-05 4.1E-05
arc4 5.0 0.253 204 1 1.86-01 8.7€-07 1.8€-06 2.26-05 6.3E-05
arc5 6.1 0.253 204 3 1.86-01 1.4E-06 3.2E-06 3.6E-05 1.0E-04
arc6 72 0.253 204 6 9.0E-02 1.7€-07 3.4E-06 5.5E-05 1.5€-04

Geometric Arc Radivs [m] | 806 |

2 A
AE = ?rn me?
,,ﬁ
Aey=—Cgro<H >,
4
A, om c ~5
—h=—7Cqro —,
E? 3 T
. . 55 h
2 2 = —
H =y D!+2a DD, +pD; " Taime
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Conclusions and Concerns

« This is a first look at emittance dilution — take it with many grains of salt

« Things to resolve:
- Problems pushing particles
- Difference in fields between models
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Approach

« Both FFA cells were constructed in BMAD using Stephen’s numbers for magnet
lengths, fields — no optimization was done, lattice was closed to force periodic, stable
solution

« FFA1 was assumed to be 70 cells (~161°), FFA2 was assumed to be 60 cells (~168°),
but values are reported per cell as well

+ Radiation integrals used to calculate energy spread, emittance growth, energy loss

- Different values from last time, since issue with “reference energy” in radiation integrals has
been accounted for this time

+ Have not attempted to push particles yet — there are still modeling problems




