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		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Ryan

	Timekeeper	Alex B



	Attendees
Alex B, Ryan, Nick, Donish, Scott, Volker, Kirsten, Stephen, Dejan, Salim, Randika, 


Intro Discussion
· Ryan – do we need slides for the LDRD on JLAAC?
· Alex – No, you’ll have a separate presentation
· Welcome to Volker Ziemann!
· Gives some background on history
· Alex went to Frascati for the physics workshop for 22 GeV
· Agenda was to respond to a question from the committee: as we go along we are defining beam quality on accelerator side. What are the requirements on the experimental side?
· WG conveners plan to extract what the physics requirements are for the beam.
· Two weeks ago, mentioned a few things:
· Alternative hybrid PM/EM quads – alluded to alternative
· [image: Chart, line chart

Description automatically generated]
· Driven by first quads in NL for Strong Focusing
· G = 2.4 kG/cm – aggressive, drives all focusing
· Need to scale linearly for FODO along the linac
· Conventional quads get too strong, so idea is to split the burden:
· [image: Chart, line chart
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· Figure of Merit – if we split it this way, get final:
· [image: Diagram, line chart
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· Dejan – assumes you’ll move orbits in cavities?
· Alex – cavities have very large aperture
· Dejan – not question of aperture. Need to worry about wakefields, etc…
· Scott knows more
· Alex – looked at BBU in the past – unsuccessful b/c couldn’t excite
· If we split things as initially shown – for the NL, we have a ratio of 2.7, SL is 1.6
· South Linac more challenging – end up with 8.4 kG/cm – that’s huge
· You can also partition differently:
· [image: Chart, line chart

Description automatically generated]
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· Stephen – I looked into this, and the best I can get for the pipe size is 50-60 T/m
· Also wonder, is there any way to lengthen the gaps in triplet
· There’s only 89.5 cm in the gap, flange-to-flange
· Ryan – so weakly focusing worked for magnets, but not Splitters. Strong focusing works for optics, but not magnets. Is there not something in between that works for both?
· Yes, that’s an option. Right now, it’s 150 degree phase advance – so maybe too aggressive
· Feel like it would be easier to start with optics solution first, before looking into adding other PM solutions
· We need other hardware as well. Correctors, BPMs, etc…
· Dejan – when you take quad w/ standard Halbach, can get even 3 T field inside the pipe depending what is the outer radius vs inner
· Stephen – no you can’t. Only with dipole, you’ll need a huge magnet
· Maybe reduce to 1.5 cm?
· 2.2 cm was radius? -yes
· Scott – that’s a question though. What is the aperture in the LINAC? Is it chosen so radius continues?
· Ryan: Some down and up, but it’s 5 or 5.5 passes going through. 
· Operators already complain it’s hard. Not a light source or ring, no periodic condition
· Can we reduce it a bit? Yes, but only a little.
· Alex – correction and diagnostics is poor. There’s an effort to go with new diagnostics and improve.
· Stephen – Why are the gradients adding? Why are magnets side by side. Are they nested?
· Alex – I put them side-by-side, yes. But Andrei had a way to nest them
· Stephen – depends on design, but what you’re really done is double the length of everything
· But now you’re close to something that can be built with electromagnets. If you can get to 3.9 + 3.9, you can do all EMs and no PMs
· Based on what Ryan sent, 50 T/m might be doable. But radiation is very high (from paper)
· Bad for PMs, will maybe need to replace magnets every 6 months. Will need many corrector coils
· Dejan – maybe SmCo?
· Stephen – still same problem, lose gradient. Likely need electromagnets.
Agenda topics
Time allotted | 50 mins | Agenda topic APS Magnets| Presenter Nick
· Last night, APS reached design current of 200 mA!
· Beam pipe is set off axis in multi-function magnets
· Curved path through magnets
· 2 quads that are normal – might barely work
· 6 GeV machine, very strongly focusing
· [image: Chart, histogram
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· Here you see the 7 bend achromat
· High field upstream, low field downstream
· Betas mostly small, max up to ~20 m, small dispersion
· Dejan – similar peaks in middle to FFA here
· Most quads have big/large yoke – need to get photons out of the front end
· Very distorted and asymmetric transversely
· Had to be built in the same tunnel from before upgrade – very constrained when adding magnets
· [image: Diagram
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· Insertion length shown
· Challenging header design – water to get into coils for cooling
· All fit into very compact space and moved to side to make them cooled
· 2017 magnet design
· Only Q1 and Q2 are  final. For all other quads, significant changes were made, and you should look 
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· Aperture about half of what we need, so need to scale for the 45 mm needed
· Got to design reports to get real numbers for the other (not Q1 and Q2 magnets) magnets
· Other magnets are longer, these are the short ones (25 cm)
· [image: Chart, line chart
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· Tried to run Q1 saturation – good around 90-100% efficiency
· [image: Table
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· Insertion length is ~25 cm
· Gradient at about 80 T/m
· Degrade by about 4 for similar magnet design with our aperture requirements
· Gives about 2 kG/cm after aperture change
· Alex B – our aperture is not that large, right? Isn’t it 2.2 cm diameter?
· No, it’s 2.2 cm radius
· Ryan, I think we have roughly 1.5” beam pipe. Will find photo
· Scott – Made statement that gradient would go quadratically – wouldn’t it be linear?
· Apparently, re-checked from USPAS, goes as 1/r^2. Had assumed constant, but apparently not
· Same pole tip, increase radius, goes like r^2
· Stephen – could also add more amp-turns as well
· But at given radius, the magnitude of the field in a quad is proportional to radius. So field at the end of the iron is just gradient time radius
· So if quadratic, something else going on
· Nick – was talking about gradient – assume keep pole tips same
· Multipole content pretty important as well – satisfied at smaller aperture
· Alex – if good enough for light source, good enough for us
· Scott – interesting design: mag length far shorter than physical, but tuck coils under the vacuum. That gives you a more compact transverse magnet. Slick idea. 
· Stephen – does effective length mean you get less integrated strength though?
· Yes – basically these are 25 cm slots with 21 cm Leff – about right
· Scott – confusing in Alex’s table – quoting gradient without relative length
· Nick – integrated field divided out
· Alex – yes, assumed same length
· Nick – fringe field fall off
· Longitudinal space is 89.5 cm
· Ryan – ID of 40 mm for the smaller new design. Could go down to 40 mm. 43.68 mm ID is closer to what we have now. Tech note is in the shared area for this.
· Dejan – that’s enormous!
· Alex – we can go smaller for 22 GeV
· Ryan – yes, but Next Gen BPMs isn’t changing all the hardware. Lots of striplines are staying in. So if we shrink aperture, all BPMs will need to be changed
· Dejan – we can use buttons
· Ryan – we’re not. 
· Dejan – I think Jay was right! Hard to get these fields! I think we need to drop the ID to 20 mm ID
· Alex – Agreed
· Scott – ask the right people if that’s OK.
· Bunch current concerns
· Ryan – already have problems with field emission at ends of cryomodules b/c mismatch of beam pipes in cold/warm transitions
· Scott – probably outside of the area where we’d have to worry about it. The taper would have to happen in the warm region
· Presumably, not worried about field emission. Worried more about short range wakes
· Alex – bunches are pretty long
· Ryan – but we’d have to change everything on the girder. 
· Dejan – has to be tapered
· Scott – going to lose 20 cm (10 on each end) from taper
· Ryan – so 89.5 to 69.5 cm
· Probably more beneficial to look at optics changes first before we try to change everything
· Dejan – I think Alex did it the best way we could. Problem is the LINAC has a large energy range, not easy to do this at all
· Alex – started Strong focusing, then weak, back to strong
· Alex – as Ryan said, we could maybe find something in between weak and strong focusing, but weighted toward strong
· [image: ]
· Flange-to-flange is 89.5 cm. 
· Scott – that’s BAD. Look at what you have in there. Two bellows (~10 cm). Need at least one of those.
· Have a stripline?
· Underneath the strapped-on coils
· Scott – so do you need striplines b/c current?
· Ryan – so when we increase energy, we’ll also need to drop current to stay in the total power limit.
· As is now, Hall B flies blind due to low current except in tune mode.
· Our current will be lower
· Scott – that tells me that you cannot do buttons here. Have to do striplines b/c current. That’s real estate. That’s another 7-10 cm on a stripline
· Ryan – there are space concerns. Maybe there’s a clever way to make the BPM inside the quads somehoe?
· Scott – you need the aperture. Stripline will share inside aperture. Needs another cm radius or so. So no.
· Alex – you can put them in between triplets
· Scott – no. Buttons yet, but striplines, you need at least 10 cm. 
· Alex – we have 10 cm between magnets
· Scott – but those aren’t real spaces.
· Nick – BPMs were bellows. Complicated
· Need a mech. Eng. To look at this
· 2-20 nCoulombs in light sources
· Maybe a stripline through quads. But need mech eng to look at the whole space as a unit
· Dejan – what is the distance you require for the energy range of moving the dipole field left and right?
· If we assume you can go offline in cavities
· Alex – oversimplified – used 90 cm, and fatter triplets
· No, want to put a dipole field in the transverse plane? – No, I don’t think so
· Basically made gradients so can split and play with it
· More and more, I’m inclined toward NSLS II magnet design
· Like Timur’s 
· What can we do if we reduce to 10 mm IR
· Stephen – radiation is very high, not a good place to put PMs if you can avoid it
· Radiation levels are xrays?
· Neutrons too
· Shoots Xrays everywhere
· Paper is a tech note from Charlie Reece
· Alex – ages ago
· Ryan – no, right before he retired. From 2021
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· This is normal operation. Not including spin-up.
· Alex – these are figures of merit
· All along both linacs – measured on the beamline. Can see optichromic rods in vials 
· Stephen – lifetime dose limit for CBETA is 100 krad
· See 20 times that in a single 5 week run here
· Bad idea to put PMs here
· Alex – for LDRD, are you putting samples here?
· Yes. Not sitting on pipe, but sitting offset near the NDX detectors on tripods
· Dose will be lower b/c not on beam pipe
· Alex – Ryan is monitoring neutron and gamma?
· Trying – dosimetry saturates
· Dosimetry delayed, so not ready in start up, but will be ready soon
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Time allotted | 50 mins | Agenda topic Sym Splitters| Presenter Donish
· Saved by the bell
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Time allotted | 10 mins | Agenda topic AOB | Presenter All
· N/A
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Special notes 

Pathway to Repository: https://jeffersonlab-my.sharepoint.com/:f:/g/personal/tristan_jlab_org/EqZ5MeS-nipCgPfZB5p0oS4B9Is67d3nQb9sLJI3Zyev9g
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Figure 2.2. Hybrid 7BA lattice with reverse bends for the APS. The natural emittance is
42 pm. Blue blocks represent normal-direction dipoles, orange blocks represent reverse-
direction dipoles, red blocks represent quadrupoles, and green blocks represent sextupoles.
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Q1 Magnet for early procurement

Q2 Quadrupole magnet is similar but uses steel pole tips
Q1 is 250 mm long
Q2 s 225/mm long
Bids are in watling for funding
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AU Q1 magnet design

= The aperture is 26 mm, coil gap is 16 mm minimum, and pole tip gap is 10 mm
minimum, [y
= The Q1 quadrupole magnet has vanadium permendur pole tips.
= The core is made of 1006 steel.
= Coils are cooled in parallel.
—~ Supply is on the inside of the coils.
= Cooling water supply is 26°C at 0.62 MPa (90 psi) pressure differential.
= Storage ring air temperature is 24.4°C.
= Non magretic feet are required to separate the Q1 magnet from the iron support plate
to minimize top/bottom iron asymmetry which can cause a vertical offset for the
magnetic center. Analysis has shown that only a few mm of non-magnetic gap between
the support plate and core is enough to have negligible effect on the vertical offset.
= The magnet temperature rise target is 10°C.
= No photon beam tubes go through this magnet except the injected beam tube in sector
39.
= This magnet is expected to be used at sector 39 doublet-B.
= Multipoles, as fraction of the main field at 10 mm ref rad, must be less than 10 units. A
unitis 10E-4.
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Magnet Saturation Curve example
Magnet efficiency percentage defined
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Table 2.5. Quadrupole data

Element Name Effective Insertion K B B'L  Count
Length Length
m m 1/m? T/m T
FS1 0.158 0.158 0.0 -0.0 -0.0 80
FS2 0.158 0.158 0.0 -0.0 -0.0 80
Q1 0.205 0.250 3.9 -79.0 -16.2 80
Q2 0.179 0.225 -3.4 67.5 12.1 80
Q3 0.180 0.225 -3.0 59.4 10.7 80
Q6 0.180 0.225 -3.0 59.0 10.6 80
Q7 0.357 0.424 4.3 -86.0 -30.7 80





image11.png




image12.png
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The cryomodule C100-9 was located in zone 1107 during ths run, having been moved there from 1125
due to very poor degraded performance from contamination and subsequent radiation effects, and was
subsequently removed for rework.

On disassembly in the Test Lab, this (now activated) cryomodule was found to have the superinsulation
in the region around the entrance and exit beampipes severely degraded. See photos of the MUI
condition below. Photos from John Fischer.

Mylar, the structural component of this MLI has radiation dose tolerance properties very similar to
EPDM, the valve gasket elastomer, per the CERN analysis referenced above. This strongly suggests that
the materialn this location has experience above 200 Mrad integrate dose since installation in April
2013in 1125, moved to 1L07 September 2019, and removed for rework November 2020.

By implication, we should thus expect that the corresponding MLIin the other strongly-dosed

cryomodules is with, cryogenic and vacuum impl
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When retrieved from CEBAF, they were cleared for free release themselves (no detectible activation)
and then subsequently read out by Adam Harberger. The table below lists the dosimeter locations and
estimated dose. The photos illustrate typical placement on the beamline.

Of the twenty sensor locations, eight dosimeters showed response at or well above their useful working
range of 20 kGy = 2 Mrad. Two additional were approaching that limit.

This accumulated dose implies average sustained dose rates of over 2.4 krad/hr during this 5-week
period, i.e. more that twelve times the maximum dose rate considered marginally sustainable for
cryomodule valve function in the discussion above.

Optichromic dosimeters located at CM beampipe entrance/exit August 11,

Location

1104 up
1L04 down

111 up
1111 down

1114 up
1114 down
1125 up

1125 down

}1L26 up
1126 down

2103 up
2103 down

2104 up
2104 down

2110 up
2110 down
223 up
2123 down
2126 up
2126 down

2020 - October 9. 2020
Typical max useful range 20 kGy = 2 Mrad

Exposed during Physics Ops run b/n -9/21, 5 wks

Est. dose (krad)

1545-1753
2800

532-802
2800

7492
74157
over range and/or damaged
982-1084

over range and/or damaged
1903-2054, although right at max

53-64
18

4-36
11-40

74-101
18-60
over range and/or damaged
1444-1586

over range
right at max, 2025-2034

With help from Adam Hartberger
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