FFA@CEBAF Working Group|Minutes
Meeting date | time 11/10/2023 | 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, Max Bruker, Shaoheng Wang, Reza, Andriy Ushakov, Andrei, Edy,  Jay, Alex C, Joe Grames, Larry Cardman, Amy Sy, Donish, Eric Voutier, Kirsten, Bob Rimmer, Todd, Roger


Intro Discussion
· Positron group joining in today as well.
· May have more joint meetings
· Need alternatives for pre-CDR
· Today is Veteran’s Day – Holiday for BNL
· Talk is also recorded – find recording in presentations folder
Agenda topics
Time allotted | 25 mins | Agenda topic Alternative e+ | Presenter Andrei
·  Want to show evolution, maybe inspire more ideas
· Present, questions at end.
· [image: ]
· P1 alternative
· Second stage is 650 MeV e- with no e+
· [image: ]
· Including the tunnel with e+ may be tied to EIC spending profile – coupling can be troublesome
· Trade energy for space to make e+, then bring back energy as needed
· [image: ]
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· [image: ]
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· Why electrons that way? Polarization preservations
· [image: ]
· [image: ]
· Electrons start off going left, positrons go right
· Very tight in existing tunnel
· [image: ]
· [image: ]
· This brings back the ceiling line and makes a SHARP bend at the injector
· [image: ]
· [image: ]
· [image: ]
· 2/4 stars
· [image: ]
· 4/4 stars
· Maybe not feasible for SRF?
· [image: ]
· 1/4 stars
· [image: ]
· 4/4 stars
· P2 seems to be preferrable 
· [image: ]
· Alex C – changing layout in linacs will take up more space in tunnel, and splitters is complicated and space intensive – how do you synergize those ideas?
· Ryan – splitters on other side, but access needed
· Andrei – this won’t interfere with splitters
· Ryan – bending from injector into W Arc might be hard
· Andrei – could be done – see in stub, the 180 works
· Trying to think of ways to only fund through AIP without CD0
· No new tunnel, etc…
· Ryan – would R&D in SRF increase price? 
· Andrei – higher for some
· Joe – few comments:
· Take what you’re saying seriously b/c de-coupling from EIC funding is important
· One important thing: probably list the max energies of e+ delivery for different plans to each hall
· Some of physics will need to know this
· Might get different max energies for different configurations
· Bottom left – spin rotator. Still exploring this idea. It’s not a full rotator, but adds flexibility. Could be eliminated and then choose electron linac energies
· We’ve been thinking about polarized e- gun as two separate beasts. For 22 GeV, we envision something much larger than positron injector
· Need to look at layout and see how we can either split them, or make the same injector for both.
· Alex B – one advantage is having e+ available after energy upgrade
· Need to take a closer look at energy ratios. We will need to change the “switchyard” (spreaders)
· Eric – this is very important to have the capability of positrons during 22 GeV
· Only thing we lose is possible ability of having low energy high intensity at LERF
· Andrei – after development in LERF, do we move it, or keep it?
· Building off Larry’s idea might need construction
· Eric – timing is a big deal – good not to compete with EIC
· But then, if you look at the tentative schedule proposed by David Dean, can we “win time”?
· Andrei – probably win time, or avoid losing time. Good chance to avoid delays
· Jay – WRT polarization, go back to what the FFA group discussed before:
· Can’t adjust linac energy if you have 6 beams. Have to drop back to 5 beams to have enough adjustability
· If you need energy flexibility, have to have only 5 beams in FFA. 20 GeV max.
· Andrei – why?
· Stephen said to get more space, you need to ~quadruple magnetic material. 
· When discussed a year ago and before JLUO, working group wanted to ask what is more interesting. 6 fixed energies, 5 variable energies?
· Now, with polarization issue, we need to adjust LINAC energy
· Alex B – can have 6 passes with headroom in LINAC with polarization.
· Joe – question: has there been any analysis of the spin for the energy upgrade yet?
· Will get real effects at these energies
· Alex B – no, we haven’t looked at this. We’ve looked at SR effects.
· Ryan – are we sending the positrons in the same direction? Then what about permanent magnets?
· Andrei/Alex B – no, they’d only get up to the EM passes
· Ryan misunderstood, thought Eric wanted full 22 GeV energies.
· Reza – said you’d start at lower energy in arcs?
· Already have lower energy linacs and FFA arcs, but they don’t have energy acceptance for such low energy beam.
· So lower acceptance takes lower E?
· Needs to be looked into
· Andrei – 5 FFA beams and hybrid, can you get to higher E after FFA arcs? Maybe 17 GeV?
· Ryan – did we actually confirm that 6 passes can work in the arcs?
· Alex B – yes
· Ryan, that’s not the impression I got from Stephen, we should probably have him confirm.
· Kirsten – also the splitters need to accommodate that energy range change. So this problem hasn’t been solved yet.
· Bob Rimmer – please clarify civil construction issue. Like, if we just want an annex or an alcove – when do we have to worry about approval vs just doing it.
· Andrei – will check.
· Ryan – did you ask engineering?
· Michalski also said he wants to help, but no weighing in yet.
· Roger – when talking about hybrid, the gun itself could be on service building and bring beam downstairs – would save space.
· Jay - New service building for 500 keV and bring it down vertically
· Save ~5ish meters
· Joe – could think about it a bit
	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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CEBAF upgrade: Challenges and alternative path forward

» Challenge is high entry cost to start e+ as need to build tunnel and LERF e+ source

* How can we start work on CEBAF e+ and energy upgrade sooner, without waiting for
ramp down of EIC spendings?

» Answer — we can trade CEBAF energy for e+ capability, thus reducing the entry cost for
e+ upgrade

—We will trade energy for space in linac to produce e+
—The 12GeV capability will be gradually recovered

» The approach can also allow “adiabatically” prepare for the energy upgrade
—The 22GeV upgrade can be done as FFA-only, with LERF injectors, or...
—It can be done as FFA-SRF hybrid, with all-in-existing-tunnel approach




image3.png
Reiterate the main idea of the alternative approach

» Realize the first stage, positrons upgrade, without any conventional construction
» To enable this, trade energy f:ir space in linac by removing cryomodules

» The option without conventional construction has lower threshold for approval, lower
cost, and may be realized via a sequence of AIP projects

* (While the option with conventional construction will be more expensive, require
environmental assessment and likely require CDO)

» Once the above idea is accepted — trade energy for space — many possible layouts can
be generated

* Looking for your input to create the best one
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Evolving layouts of the alternatives

* Initial ideas and slides were shared with the team on October 12
—\Very useful feedback received from many colleagues [ N

» Aslightly updated version presented to Directorate at Oct 23 “Strategy retreat
—Also very good feedback received

» Based on further comments, updated layouts were generated

* The earliest and the latest layouts will be shown in this presentation
—This is not to confuse everyone
—But to, possibly, generate an even better layout

”
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Step 1: trade energy for space to create positrons

NL 1090 MeV
CEBAF, with 1090 MeV energy per
linac (12 GeV) and with mix of C20,
C50, C75 and C100 CMs
SL 1090 MeV
Remove 4 C20 (minus 100 MeV) from NL to create e+ production area
‘ Move some CMs between NL and SL to equalize linacs energies
e+area NL 1040 MeV
s~

CEBAF with positrons capability, with
1040 MeV energy per linac (max
energy to Hall-D is 11.4 GeV energy)

SL 1040 MeV »
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CEBAF cryomodules and energy gains, snapshot

+ Snapshot from CEBAF operation on 06/08/2022, 9:00am (beam delivered to Hall D),
NL = 1057 (1047 MeV with fudge factor) MeV, SL g 1031 MeV (1047 MeV with fudge factor).

GMES  Egain (V) Avg. Eacc (MV/m) RF Heat Load (W) GMES  Egain (MV) Avg. Eacc (MV/m) RF Heat Load (W)
oL02 53 27 27 68 202 50.2 251 63 6.3
o3 554 27.7 6.9 634 2103 54.1 27.1 6.8 72.4 -
2105 368 184 a6 312
2106 54.8 27.4 6.9 46.7 -
2108 51.5 25.8 6.4 76.9
211 8.8 2.4 6.1 46.9
1 518 259 65 5.7
13 60.2 301 75 685
30.2 7.5 0.1
24 56 38.2
250 63 9%.6
200 73 57.2
256 62 55.8
23.8 5.9 433

“Includes P1, F100,
R100
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Step 2: in CEBAF with positrons & 11.4 GeV, restore 12 GeV capability

e+ area NL 1040 MeV
e~ CEBAF with positrons capability, with
1040MeV energy per linac (max
energy to Hall-D is 11.4 GeV energy)
SL 1040 MeV

Refurbish two (one per linac) C20 into C75, adding 50MeV to each
‘ linac, to rest®re 12 GeV capability

e+ area NL 1090 MeV

= CEBAF with positrons capability and
with 1090 MeV energy per linac (12
GeV max energy)

SL 1090 MeV
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Savings due to e+ “in-tunnel” approach

» Costs to start e+ program are reduced by the following
—Minus cost.}of the tunnel between LERF and CEBAF
+ And minus the time and hassle to get approval for tunnel construction
—Minus cost of a CM needed to accelerate e+ beam in LERF

« High current gun, target and e+ capture tests will still be done in LERF, but no need to accelerate
e+ beam to 123 MeV

—Minus cost of e+ transport beamline
—Minus cost of shielding for e+ production target area
+ (Assume that in LERF shielding has to be much more extensive)

» The cost to start e+ program reduced considerably, and can be implemented sooner
» This approach can also adiabatically transform into hybrid 22 GeV upgrade
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Step 3A: Ce+BAF 12 GeV with positrons into 22 Eev hybrid FFA+SRF upgrade

e+ area NL 1090 MeV
—~— e~ CEBAF with positrons capability and
with 1090 MeV energy per linac (12
GeV max energy)
SL 1090 MeV
In NL and SL, select 3 C100 CMs that will only be used for injection
‘ (not for multi-turn acceleration). Add needed injection beamlines
e+ area NL 790 MeV NL-Inj. 300 MeV
o~y

CEBAF with positrons capability and
with 790 MeV energy per linac and
600 MeV injector (9.3 GeV max
energy) — configuration ready for

SL 790 MeV SL-Inj. 300 MeV hybrid FFA-SRF upgrade to 22 GeV
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Step 3B: Ce+BAF with e+ & 600 MeV Inj. into 22 GeV hybrid FFA+SRF upgrade

e+area NL 790 MeV NL-Inj. 300 MeV CEBAF with positrons capability and
——— with 790 MeV energy per linac and
600 MeV injector (9.3 GeV max
energy) — configuration ready for
hybrid FFA-SRF upgrade to 22 GeV
SL 790 MeV SL-Inj. 300 MeV
In NL and SL, gradually upgrade 12 C20 into C75 CMs to restore
‘ energy, use high Qq MF advances to keep cryo load acceptable,
install permanent magnets FFA arcs to get 6 more turns
e+area NL 1090 MeV NL-Inj. 300 MeV
— e

FFA arc

SL 1090 MeV SL-Inj. 300 MeV

CEBAF with positrons capability (up to
10.4 GeV) and with 1090 MeV energy
per linac and 600 MeV injector —
hybrid FFA-SRF upgrade to 22 GeV e-
implemented
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CEBAF cryogenics capacity — estimates from Cryo group

« North Linac
* Maximum RF heat load from CMs: 3307 W + 230 W
» Current operation: 2770 W + 225 W

« South Linac

* Maximum RF heat load from CMs: 3736 W + 434 W with LERF, 3843 W + 256 W
* Current Operation: 2281 W + 393 W

The SRF S&T group is evaluating possibility to achieve 1400 MeV

per linac, using high-Qo cavity results, while staying within CHL
cryo capacity LS
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Discussion, pros and cons

» Todays baseline: 600 MeV Inj. and e+
source in LERF, FFA-only upgrade

—The cost to start e+ is higher, depend on
EIC progress (con)

—Decoupled e+ and Inj. development in
LERF (pro)

—Energy upgrade use only FFA, thus
energy efficient (pro) but do not use our
core SRF expertise (con)

—To implement energy upgrade, e+
capability needs be removed (con)

* Alternative: all-in-tunnel e+ source, 600
MeV Inj., FFA-SRF hybrid upgrade*

—The cost to start e+ is lower, may
decouple from EIC progress (pro)

—Longer interruption to install e+ and Inj.
may be needed (con)

—e+ and energy upgrades use FFA and
SRF high Qg advances for optimal
energy efficiency (pro)

—The e+ capability can remain (at 10.4
GeV) after 22 GeV upgrade (pro)

—The cost profile is different but the total overall cost of two
approaches may be similar, detailed study is needed
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Main comments received for Oct 12 / Oct 23 version

« Suggestions:
—Instead of removing 4 C20 CMs, remove 5 and install C100 to keep E — thanks to Geoff
—Injector linac can be made from a single 600 MeV segment — thanks to Alex

» Good: »
—Keeping polarized positrons in 22 GeV era is very good for science — Jianwei Qiu, Viktor M.

* Issue:
—Cryomodule transportation and access in NL limited by e+ target shielding — thanks to Jay B.

* This prompted further thinking of how we can make it work, “using resources that we
already have in the system”
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CEBAF hybrid upgrade — update of Nov 1, 2023

« The first version (Oct-12-2023) was presented at the Strategy meeting of Oct 23

« The update shown here is an attempt to keep the e+ source in the tunnel, but mitigate
the issue of tunnel access and CM transportation

—Instead of placing the e+ source on the NL tunnel, the e- return loop and e+ target are
placed into the existing SL stub tunnel

—The e- mA polarized source and e+ chicane is placed in SL, in the area where ~3 CMs will

be removed
NL 1040 MeV
o
R e-return loop
SL 1040 MeV e- mA source "

N\ P e
e+ targetarea ™ \\\ All this fits to existing
SL stub tunnel

(not in scale) Dy
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CEBAF hybrid upgrade — update of Nov 1, 2023

Lt
NL 1040 MeV Shielding wall and I
capture cavity here
Return loop, target
/ and capture solenoid
o / fit to the existing SL
PN e-return loop stub tunnel
SL 1040 MeV e- mA source

e+ target area

(not in <ccale)




image16.png
Mm

0N

{00000000‘:‘3‘:
X
B0
B0
SO0
KOs

Update, Nov 3, 2023 = o Jef on Lab




image17.png
Comments:

Spin rotator maybe

use vertical chicane to

take less space in the.
tunnel

Gun AV src to be
shifted and angle.
changed o take less
space in the tunnel

,positrons
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Further comments and optimization

* It is beneficial to develop mA e- source in the injector area of NL — thanks to Joe G.
» Can we place mA e- source and e+ source in NL injector?

e Let'stry

» To keep e+ target high radiation area away from the middle of the injector tunnel,
reverse e- direction, place 180 degree bend and e+ target at the end of injector

» This seems very tight, probably unfeasible — see next slide
—Unless can use same CMs to accelerate both e- and e+
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P2 in NL inject

Comments:

Spin rotator maybe

use vertical chicane to

take less space in the.
tunnel

Gun HV src to be.
shifted and angle
changed to take less.
space in the tunnel

The e- source direction reversed, e+ target at the far end of NL

stub tunnel, can be shielded, no interference with access.

To get e- beam have second 180 bend or move e+ target out.

Issues: two CMs in parallel — would not fit transversely? Maybe
| use C100s and stagger them? Or LCLS-style higher gradient
- CM? Issue: Injector stairway access blocked by high rad area?

Four CMs removed in SL to

place mA e- source
L

Update, Nov 7, 2023

e+ target, capture & acceleration
SEi sl mas
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Even further optimization

Keep the idea to develop mA e- source in the injector area of NL
But do not place e+ source in NL injector »

* Instead, keep e+ source in SL stub tunnel — the area we are not using now, and which
seems to offer the best radiation protection, in existing tunnel, without new construction

How to merge these two ideas?
* We need to bring e- mA 120 MeV beam from NL injection into SL stub tunnel

» The e- beam can be bent at the exit of injector, pass the West arc, and pass along the
SL linac, in near-the-ceiling beamline

The 120 MeV mA beam likely can be transported based on LERIC experience — thanks
to Todd
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T D

| The mA e- source is placed in the NL injector area.
The 120 MeV mA e- beam is bent and sent into West arc,
| and then along the SL into SL stub tunnel, for e+ production

Comments:

Spin rotator maybe use

vertical chicane to take less
space in the tunnel.

And maybe its placed above

CMs, and does not require CM

removal

Two CMs removed in SL to
place e+ spin rotator
L

- e+ target, capture & acceleration
FFA meeting, Nov 10, 2023 23 B
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CEBAF upgrade alternatives - for discussion

« Alternatives on the table:

* Positron program:

—P1) Positron source in LERF, tunnel from LERF into CEBAF tunnel

—P2) Positron source in SL stub tunnel, mA e- source in SL tunnel or in NL injector
* Energy upgrade:

—E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel

—E2) Hybrid approach — FFA and additional SRF, 600MeV injector in kinnel
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CEBAF upgrade alternatives — decision tree

Alternatives for e+ Alternatives for 22 GeV Final configuration after both stages
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« Alternatives on the table: 1 PZ + El :
« Positron program: | /

— P1) Positron source in LERF, tunnel from LERF into CEBAF tunnel Al ’

— P2) Positron source in SL stub tunnel, mA e- source in SL tunnel or in NL injet;or_ _____
« Energy upgrade:

— E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel

— E2) Hybrid approach — FFA and additional SRF, 600MeV injector in tunnel

FFA mesting, Nov 10, 2023 25 Je on Lab
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CEBAF upgrade alternatives — decision tree

+ Alternatives on the table:

Alternatives for e+ Alternatives for 22 GeV Final configuration after both stages
program implementation implementation ,m—————
AN N ! 1+ E1 | |22 GeV, no positrons
’ \
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+ Positron program:
— P1) Positron source in LERF, tunnel from LERF into CEBAF tunnel N
— P2) Positron source in SL stub tunnel, mA e- source in SL tunnel or in NL injector
+ Energy upgrade:
— E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel
— E2) Hybrid approach — FFA and additional SRF, 600MeV injector in tunnel

FFA meeting, Nov 10, 2023 26

* %k
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CEBAF upgrade alternatives — decision tree

Alternatives for e+ Alternatives for 22 GeV Final configuration after both stages
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* Alternatives on the table: 1 :
« Positron program: 1 ]

— P1) Positron source in LERF, tunnel from LERF into CEBAF tunnel N

— P2) Positron source in SL stub tunnel, mA e- source in SL tunnel or in NL mjec(or
« Energy upgrade:

— E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel

— E2) Hybrid approach — FFA and additional SRF, 600MeV injector in tunnel

FFA meeting, Nov 10, 2023 27
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CEBAF upgrade alternatives — decision tree
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* Alternatives on the table: 1 :
« Positron program: 1 ]
— P1) Positron source in LERF, tunnel from LERF into CEBAF tunnel N e o ’
— P2) Positron source in SL stub tunnel, mA e- source in SL tunnel or in NL injector
« Energy upgrade: *
— E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel

— E2) Hybrid approach — FFA and additional SRF, 600MeV injector in tunnel
FFAmeeting, Nov 10, 2023 Ed Je on Lab
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CEBAF upgrade alternatives — decision tree
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« Energy upgrade:
— E1) Pure FFA upgrade, no new SRF, 600MeV injector in LERF, new tunnel * * * *
— E2) Hybrid approach — FFA and additional SRF, 600MeV injector in tunnel

FFA meeting, Nov 10, 2023 29 Jre/f_(ezon Lab
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Discussion

* An alternative approach with lower entry cost for positrons exists
—Favorite so far: e- mA source in NL injector, e+ production in SL stub tunnel
—No construction needed, can be done as sequence of AIPs
—Positrons can be kept after energy upgrade to 22 GeV

* Upgrade to 22 GeV has two alternatives:
—Pure FFA upgrade, without new SRF and with injector in LERF
—Hybrid FFA plus SRF upgrade with injector in linac, no new construction
—Decision points between these two alternatives is few years from now
—Decision will depend on evaluation of use of high Qo cavity, low loss windows, etc.
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Present baseline

L
« Kirst stage: positrons generated in LERF — e+
capability at ~12 GeV - P1

» Second stage: 600 MeV injector in LERF, FFA arcs
added — 22 GeV e- capability, no e+ — E1

e

FFA meeting, Nov 10, 2023 2 Jef n Lab




