FFA@CEBAF Working Group|Minutes
Meeting date | time 11/15/2024 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Ryan

	Timekeeper	Alex B



	Attendees
Alex B, Ryan, Salim, Edy, Stephen, Scott, Randy, Vasiliy, Nick, Dejan, Kirsten, Donish, Alex C, Roger, 


Intro Discussion
· Alex defended – now Dr. Coxe!
· Looking for new students
Agenda topics
Time allotted | 50 mins | Agenda topic New FFA Arc Cells| Presenter Salim
· [image: A picture containing diagram

Description automatically generated]
· Learning by self – need to accept and get help
· This is feedback-seeking presentation
· [image: Table

Description automatically generated]
· Can use Option C using Option A as a guide?
· [image: Graphical user interface, text

Description automatically generated]
· Python script to get the lengths needed
· First attempt to create geometry 
· Stephen - Gscale b/c families of different magnets with different lengths
· Change and get different length cells with different lengths but same tune
· Just set it to 1
· Salim – adjusted manually with BFLen/BDLen
· dxF/dxD – thought use it as optimization – maybe too early to do such a thing
· [image: Graphical user interface

Description automatically generated with low confidence]
· Plotting routine needs more points
· Kirsten – can add that, but it takes longer to plot
· Took D’ and D – get mom. Comp.
· [image: Chart

Description automatically generated]
· Tried DA scan
· Can’t interpret yet
· Scott – going to have to start on closed orbit and start scanning by yourself
· Unless DA has some way to specify your initial closed orbit position, going to have to do it yourself.
· Salim – starts at 4 cm orbit, but shows that it doesn’t start there.
· Alex B – that’s sort of a generic feature that Bmad gives you, but it’s not really what you want
· Scott – this is a separate program (Bmad’s DA program)
· Haven’t used this – not designed for what we are doing with closed orbit that varies with energy. Probably assumes that closed orbit is at 0 for all energies
· Not sure, might center around closed orbit. Not sure
· Pure FODO? Yes
· Hard to interpret – would try for sextupole lattice where you should have finite DA and see
· [image: Chart
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· Geometric loss in closed orbit
· When add sextupole, looks like right
· Ryan – is the bottom right orbit? – yes
· Stephen – 21.55 GeV not in any of the energy ranges. They go up to 21
· Dejan – why is dispersion positive? Using positrons?
· No, using electrons
· It’s from the table
· This might be back-to-front or something
· Could be that A was the wrong one in the table
· [image: Chart
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· Energy changed WRT central E
· Take lattice, close orbit with periodic solution in Bmad
· Take closed orbit, get initial parameters then open the lattice
· Fine for 19.35 GeV
· Dispersion is doing what it’s supposed to
· Mom.Comp is very small (10^-4 level)
· Same as FODO
· Stephen – look at floor plan – they’re bending the wrong way in sextupole
· Ryan – yes, looks like they’re bending the wrong way – should be bending “down”
· dxD values off
· Stephen – you can set those values to 0 at first? But how are you lining these magnets up? You have to decide where to put the corners
· Dejan – suggest putting the magnets where they need to be with the proper offsets first
· Make them all sector magnets first to see what you’ll get to get close to the results, then make them with patches in the next step
· Stephen – IPAC24 paper tells the angles of the magnets. They have two half angles at the ends and the right offsets
· Ryan – looks like you’re doing it mostly right, just change the bend
· [image: Chart
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· For different energies, couldn’t find closed orbits for all the passes. Plotted here
· Particles lost
· There’s an aperture that is being hit
· [image: Chart, line chart
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· Tried to get 9 GeV through with closed orbit
· Stephen – 9.06 GeV won’t go through this. It’s out of the energy range for Option C
· Look in IPAC24 paper
· [image: A picture containing chart
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· So made the arc with above
· Beta beating, not closed
· [image: Text

Description automatically generated with medium confidence]
· Dispersion changing
· Need to change the precision of the closed orbit
· Scott – this is confusing me:
· The closed orbit itself will only come back with only some precision
· After if finds the closed orbit, does a calculation for a periodic cell
· Basically calculates the transfer map, and the dispersion function and beta functions are all just computed from that map
· By construction, they are the same (within round-off error)
· Not at the level you see here
· Eta should agree perfectly (to machine precision)
· Scott – you expect the oscillation of the cell to be the same (looking at eta)
· Maybe part of what is going on: are you treating the whole arc as a periodic section?
· Salim - No, making one cell into closed 
· Beginning elements all at 0
· Are you familiar with Bmad SLACK? Maybe mention this on there and show the one-cell example
· For a single cell that is a closed lattice, those dispersion numbers should just agree by construction
· Dejan – I run 4 different codes. If they agree you’re fine
· Stephen – when finding closed orbits, start from the middle of the energy range, not the ends.
· Scott – you can send things my way and I can look too
· Dejan – Yes, Scott can solve any problem with any code
· Salim – tried this in elegant first, and it mostly agrees with Bmad
· Might come from changing geometry wrong or something
· Dejan – another advantage: anytime you do something in one code, you might make a mistake. Run it in another, sometimes you can find where you made mistakes
· [image: Graphical user interface, text, application
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· Alex Coxe – I’ll be around all week next week. Let’s meet – send an email
· In terms of DA – found it easier, instead, look at acceptance aperture instead of a DA.
· Very fast in a few minutes at a laptop
· Alex B – if you have a python script, please share
· Alex C – will do! Will be in GitHub in a few days. Will give a rundown beforehand
· Stephen – can put more up on sharepoint, but didn’t want to confuse people
· Can add it if desired, or email
· 
	
Action Items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Alex B – following up on SBIR efforts
· Ended up not working out
· Spoke with JLab people (Spata for example) – there’s an opportunity. Next week, the new Niobium-Tin cryo 
· DOE/Shin will attend – will approach her then
· Dejan – what did Spata say?
· He’s a bit busy with other things, put it back in Alex B’s court
· Dejan – feeling that slowly losing support from JLab directorate 
· Things are looking less favorable
· Alex B – I see these things go up and down, but JLab is still putting lots of effort into convincing users that this is right
· Next month, workshop for high-lumi physics at 22 GeV in Italy
· Dejan – yes, but we have to criticize ourselves too. We’re not done
· Alex B – but we don’t have resources 
· Do we blame DOE/CR? 
· Stephen – I don’t have funding to keep working on this either b/c of CR
· Alex B – but promised 0.5 FTE – assured it would resume
· Stephen – in the muon collider meeting, seems DOE doesn’t have any money for future projects b/c saturated with current
· Alex B – take a look at white paper, and fill stuff in
· Corrections can probably come from Alex C’s dissertation
· Dejan – a few weeks ago, pointed out that Splitters might be a huge problem.
· Alex B – thought it would be similar to spreaders, but we have to work harder
· Kirsten – updated the slide deck with more clear-cut info (5 passes vs 6 passes etc…)
· Spreadsheet uploaded as well, strongly recommended starting with the slide deck b/c it might make more sense
· Stephen – need to know how much to reduce values
· Looked at which lattice options have smaller R56
· Lattice B already reduces R56 by about 40% - might work if we match the Splitters into it
· Scott – caution here: take with grain of salt.
· Generally:
· When R56 was in the -10 to +10 cm range, it was OK, larger hard
· Each splitter line has an R56 that it likes to make, basically
· Match splitter with weakest focusing config – that’s what it wants to create
· From radiation PoV, not really what you want to do, want dispersion low at bends. So letting it do what it wants might make more radiation
· Maybe look at higher phase advance configs
· Because you have small dispersion in bends, can’t make large R56 corrections
· Want numbers small in magnitude, then see how much the splitters have to fight to get that number
· When you have a particular solution, easier to get R56s that are 3-4 cm in either direction from solution (usually, if not unlucky)
· [image: Graphical user interface, application, table, Excel
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· [image: Graphical user interface, application, table, Excel
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· Baseline has over 30 cm, B is around 20 cm, but some options are below 9cm
· Dejan – remember 22 GeV beam harder to bend than 150 MeV
· Stephen – Scott is probably right. Maybe increase phase advance in splitters and reduce FFA R56
· Alex B – sharing this?
· Basically same as paper, but can upload file
· Scott – can make large R56 with large phase advance (or force to)
· But when you have a small phase advance, R56 comes to whatever it wants to be
· High phase advance solutions want particular R56 usually
· Dejan – remember, limited longitudinally
· If you do the splitters in two steps, reduce dispersion by changing phases
· Do in 5 steps, reduce 5x
· But we don’t have enough space to do this
· Scott – reluctant to say how much numbers scale b/w CBETA and the upgrade
· Yes, upgrade is larger, but at the same time, the energy ratios our splitters are more compact than CBETA splitters
· Ryan – yes, more constrained in a way
· Scott – yes.
· JLab all hands next Friday – likely no meeting next week.
	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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Motivation

Try to achieve S. Brooks’ results. Option A is the FODO baseline, Option C is with the additional
component.
Two Lattices with Reduced Path
Length Change

Much less path length change from shorter cell, higher gradient.
Table : Latice Results and Figures of Merit
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By replicating the FODO magnets geometry, generate the new magnet geometry by the same

logic.
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FFA Arc — FODO Cell

« Studying the current case.
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FFA Arc — FODO Cell

» Studying the current case — Dynamic Aperture ??
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FODO Cell vs Sextupole Component

* FODO Lattice 10.55 GeV optics vs Option C initial 21.55 GeV
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FFA Arc Cell = Option C

e dxF =-0.0043 dxD = 0.005 m relative alignment (same as FODO lattice)
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FFA Arc Cell - Option C

dxF =-0.0043 dxD = 0.005 m relative alignment
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FFA Arc Cell = Option C - 9.06 GeV

¢ dxF =-0.05 dxD = 0.053 m relative alignment; dxFC = 0.05, dxDC=-0.0857
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FFA Arc Cell = Option C

» Bmad’s default periodic condition solver precision might not be enough ?!
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FFA Arc Cell = Option C

* Bmad’s periodic condition (i.e. geometry=closed) precision might be changed! Small
discrepancies in the periodic dispersion functions leading oscillations.
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Conclusion & Outlook

* | couldn’t set the cell geometry as intended.

» Preliminary results asserting that the addition of the sextupole would result in positive momentum
compaction.

» By changing geometry, 9 GeV beam can have a closed orbit solution, but this same magnet
orientation couldn’t extend to other passes.

* Meeting with Stephen, A. Coxe needed for correct setting up the cell geometry.




image13.png
lattice_inf

File Home Insert Pagelayout Formulas Data Review View Automate Help |9 Comments

AG2 v i fx

4 A ] i ) E F G H 1 ) K L M N o [
1 Constraints Actuals not 2 : Max lelds :Lengths (m) Angles (rad) corers either side, FF
2 |option Lattice. Emin (MeV Emax(MeVQmin  Qmax  Dipole(T) Gradient (1Sextupole (BD BF Drifs  Cell  BD BF Cel
3 A Dec'22 east/Dec’22 east halbachtest 10494.33 210138 0.036337 0.39431 1281505  43.44 0 1244848 1673129 0.11619 3150356 -0.00711 -0.03198 -0.03909
48 Dec'22_east_halbachopt (run4) 1049433 210138 0.035 04 2 100 0 1183183 1189189  0.09 2552372 0.015793 0.015874 0.031667
5.c Dec'22_east halbachoptsext 1049433 210138 0035 04 2 100 2000 151952 145045  0.09 3.14997 0.019995 0.019086 0.039082
6D Sextupole_halbachopt9-21 1ne39-04 9000 21000 004 039 2 100 400 1.462462 1975976 0.09 3618438 0.019095 0.025799 0.044894
7E Sextupole_halbachopt9-21 tune32-05 9000 21000 005 032 2 100 400 1381381 178979  0.09 3351171 0.018112 0.023466 0.041578
8 |F2 Sextupole 20240111 9000 21000 0.036384 0.399284 0.922923 84.78478 1227.227 1447447 1474474  0.09 3.101922 0.019065 0.019421 0.038485
9

10 Radius (m)

1 806

12

13 /) Dec'22_east halbachtest {MatchScan Estart Egoal Estep Species=Electron FOM=HalbachAvgArea PoleSpacin

148 Dec'22_east_halbachopt (run4) {MatchScan Estart Egoal Estep Species=Electron FOM=HalbachAvgArea PoleSpacing=8mm Halbach_Br=1.248 Halbach_yoval=8mm Halbach wedges=24 Halk
15/c Dec'22_east halbachoptsext {MatchScan Estart Egoal Estep Species=Electron FOM=HalbachAvgArea PoleSpacing=8mm Halbach_Br=1.248 Halbach yoval=8mm Halbach wedges=24 Halt
16 D Sextupole | 21 tune39-04 { Estart Egoal Estep Sp FOM=HalbachAvgArea PoleSpacing=8mm Halbach_Br=1.248 Halbach yoval=8mm Halbach wedges=24 Halk
17]E Sextupole_halbachopt9-21 tune32-05{MatchScan Estart Egoal Estep Species=Electron FOM=HalbachAvgArea PoleSpacing=8mm Halbach_Br=1.248 Halbach_yoval=8mm Halbach wedges=24 Halt
18 F? Sextupole 20240111 {MatchScan Estart Egoal Estep Species=Electron FOM=HalbachAvgArea PoleSpacing=8mm Halbach_Br=1.248 Halbach_yoval=8mm Halbach wedges=24 Halk
19
20 |Latextables
21 A&10.494.8.21.014 8.0.0363* £0.3943+ \\ A&1.244881.6731.0.1162 &3.1504 & 7.11 & -31.98& -39.09\ ’
2 B810.494821.014&0.03580.4\\ B41.183281.1892&0.0942.5524 & 15.79 & 15.67 & 31.67\\ [
23 €&10.494221.014&0.0358 0.4\ C&1.519581.450580.09&3.158 20 & 19.09&39.08\\ «
2 D&982180.0480.39\ D&1.462581.97680.0983.6184819.09 8258 8 44.89\\ t
25 E&9821&0.05&0.32\\ E&1381441.789840.094 3.35128 18.11 & 23.47 &41.58\\ €
2
27 A&1.2815% 8.43.48° £0*\\
28 B&2210080W
29 C&28100&2000\
30 D&281008 400\
31 E&2£100&400\
32

¢ 5 Sheet! + S — =





image14.png
£ search

File Home Insert Pagelayout Formulas Data Review View Automate Help |9 Comments
=

AHS V)i fx| 0.0925807705631833 v
4a R s T | u v w X Y z M AB AC AD AE AF AG AH A8
1 lds:Dipole(T)  Gradient (T/m) Sextupole (T/m"2)  Results Magnetareas
2 BF 80 8F 80 BF Qmin  Qmax  |B|max mOrbitexcu Pathlengtt Average m BD BF check=average Max |RS6/250m (m)
3138275 128151  43.44  -41.13 0 0 0.036337 0.39431 1534588 0.044968 0.001233 846895 87.4285 94.414 8468947 -26-05 0.326857
4 362863 0.862863 55.15516 -69.3694 0 0 0.035747 0.39938 1613952 0.028607 0.000525 75.74581 104.561 58.5411 75.74571 -9.8E-05 0204059
5 p58959 0956959 59.95996 -89.1892 -1411.41 974975 0.035162 0.399309 1492183 0023602 0.000344 442673 593182 34.0365 44.28722 -7.8€-05 0.092581] @
6 322823 0822823 45.34535 -48.5485  -400 339.9399 0.042601 0.389825 1468934 0.041739 0.000916 5437691 721771 46.156 54.37689 -1.1E-05 0.160529
7 314815 0814815 47.54755 -50.951  -400 351.952 0.050036 0.319352 1543801 0.042966 0.00091 64.24365 86.074 53.8557 64.24363 -15€-05 0167118
8 320923 0.922923 5875676 -84.7848 -1227.23 918.9189 0.036384 0.399284 1478964 0027449 0.000386 47.41405 59.4007 414353 47.41405 4.43E-06 0.096267
9
10
1
2

13 :h_thmidplane=12° Halbach ymidplar
14 :h_thmidplane=12° Halbach ymidplane

16 :h_thmidplane=12° Halbach ymidplane:
\ thmidplane=12° Halbach_ymidplar
18 :h_thmidplane=12° Halbach ymidplane:
19

20

21-0.3828&-1.2815843.44 &-41.13& 080\
220.862980.86294 55.155&-69.369& 0 & 0\\
2309598 0.959&59.96 & -89.189 & 141141 & 974.97\\
2408228 8.0.8228 & 45.345 & -48.549 & -400 & 339.94 \
250.8148.40.8148 & 47.548 & -50.951 & -400 & 351.95\\

Sheet1 Sr

Ready 2 Accessibility: Investicate

mm AllowUnstable=1)
mm TuneMin=0.035 TuneMax=(

.4 AllowUnstable=0}
.4 AllowUnstable=0}

0.04 TuneMax=0.39 AllowUnstable=0}
0,05 TuneMax=0.32 AllowUnstable=0}

.4 AllowUnstable=0}

A80.0363 8 0.3943 & 1.5346 & 44.968 & 1.233 & 84.69 & 87.43 8 94.41 \
B&0.0357&0.3994 & 1.614 & 28.607 &0.525 & 75.75 & 104.56 & 58.54\\
C£0.035240.3993 & 1.4922 & 23.602 & 0.344 & 44.29 & 59.32 & 34.04\
D&0.0426 & 0.3898 & 1.4689 & 41.739 & 0.916 & 54.38 & 72.18 & 46.16 \
££0.0580.3194 & 1.5438 & 42.966 & 0.91 & 64.24 & 86.07 & 53.86\\





image1.png
Salim Ogur





