FFA@CEBAF Working Group|Minutes
Meeting date | time 09/19/2025 | 11 AM EDT | Meeting location 
		Meeting called by
	Salim O.

	Type of meeting
	Weekly Meeting

	Facilitator	Salim O.

	Note taker	Edith N.

	Timekeeper	Salim O.



	Attendees
Salim O., Ryan B., Edith N., Patrick N., Sadiq S., Donish K., Kirsten D., Stephen B., Volker Z., Vasiliy M., Andrei S., J Scott B.,


Intro Discussion
· Magnet Degradation: Initial Results
Agenda topics
Time allotted | 45 mins | Agenda topic Permanent Magnet Degradation | Presenter Ryan
Ryan states intention to run through NAPAC slides and rough data

[image: ]
Ryan skims through CEBAF background since the audience understands it already
[image: ]
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[image: ]
Ryan also explained the different PSS zones in the CEBAF tunnel
[image: ]
Ryan detailed how the initial and second probes were damaged. 
[image: ]
Ryan explains how the Helmholtz coil is operated, as well as problems with the value occasionally drifting.
[image: ]
[image: ]
Ryan mentions problems with using CAD files for BDSim simulations due to overlapping vertices.
[image: ]
Salim asked for clarification of the motion of the beams as shown in the figures, Ryan explained how the image is oriented.
Ryan then discussed the decisions based around the placement of the samples at various points in the machine. Kirsten added that the experiment was looking for a variety of doses. 
Ryan continued mentioning the different expected doses based on placement. 
Volker asked about whether we see more dose at higher energies vs lower energies. Ryan mentioned that this was an ongoing concern that the team is looking at. 
Kirsten mentioned overall that higher energies have higher doses, and mentioned that there is enormous amount of spray and secondary radiation. The analysis is still ongoing.
Volker suggests weighing with the current in the various lines, Kirsten mentions that that is part of the process. She also mentions that there is a lot of data processing going on.
Salim mentions possible synchrotron radiation from quads, Volker doesn’t believe that is a major issue. Kirsten believes it comes from spray from upstream dipoles as well as scraping. Ryan mentions potential showers from synchrotron radiation hitting the quads.
[image: ]
[image: ]
Ryan mentions that this is raw data and rough estimates.
Stephen asks for the types of assemblies, Ryan shows on an earlier slide, Edy says which arrangement is labeled Beta.
There was a discussion about the readings from beta (antiparallel) assemblies.
Stephen Brooks mentions temperature as a confounding factor, Ryan mentioned that there would be more about that later.
[image: ]
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Ryan mentioned that we could skip over the end since the issue of temperature on the readings is still and issue.
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We are switching to different data sources that were taken after NAPAC
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Different temperature errors based on smco vs neodymium
[image: ]
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Ryan mentions that this teslameter difference is more sensitive to position
[image: ]
[image: ]
Stephen recommends using the temp data to help analyze the data
[image: ]
A discussion ensued about dosage gap in the raw data, furthermore there is a data issue since we only have full data for optichromic rods. 
Salim brought up that permanent magnets in the upgrade will need to be actively cooled to prevent temperature-based drift and dropoff.
Ryan brought up a concern that the data we have is from a low current run and if we are already seeing degradation this could be an issue.
Patrick mentioned that some wedges in a Hallbach array could degrade at different rates. Stephen explains the color scale in the Hallbach plot on slide 12. Lowest demagnetization is purple and black, highest is green and yellow.

Salim mentions that Kirstens talk which hasn’t been presented yet is available on the sharepoint for FFA at CEBAF. She mentions that there needs to me an energy correction for each run to get BMad to run correctly. BMad normalizes everything to reference energy. It can be corrected for, if there are any concerns, please email Kirsten.

Special notes 

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

In March 2023, the Jefferson Lab
Accelerator Advisory Committee
(JLAAC) reviewed the work on the
FFA@CEBAF studies. They had
recommendations:

R30 states, “Validate the loss
tolerances of the permanent magnet
with irradiation experiments.”

We applied for a Laboratory Directed
R&D grant to address this.
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The Charge

Goal: Study the degradation of permanent magnet materials in a radiation
environment which resembles their intended operational environment.

* NdFeB §N42EH & N52SH) and SmCo 1SmC033H & SmCo35) placed in a wide
range of radiation environments at the lab

» Single samples and reverse-flux assemblies
3

* Dosimetry (neutron and gamma) will be placed alongside all samples.

» High-precision Teslameter and Helmholtz coil on mobile lab carts to measure
samples as often as CEBAF accelerator schedule allows

» Using the gathered data, detailed dosage simulations, and external studies, we
will extrapolate to relevant energy ranges and model the magnet degradation
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An Important Aside

Many metals and other raw materials
are sourced unsustainably, both
environmentally and with regards to
human rights.

The sourcing of the materials used in
our research is often opaque — we are
generally guided by funding
regulations and limitations.

* This is the case for our studies as well!

The only way to change this is to e 3
assert the appropriate pressure on the Photo: Afrewatch 2020 afrewatch.or,

. . o The International Institute for Environment and Development
companies and funding agencies we (IED) hitps://wwwiied.org/

https://www.flickr.com/photos/iled/51539146105
rely upon for our work. htos/Juiu i

1"
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The Magnets

* 2 grades of NdFeB + 2 grades of SmCo * Single samples for direct measurements
¢ N42EH, N52SH, SmCo33H, SmCo35 of magnet material degradation studies

* 2sizes:
¢ Single samples — 1.5 x 0.75 (m) x 0.25” (3.81 x 1.91 x 0.635 cm) *  Pair assembly samples to study impact of
¢ Pair assembly samples — 1.5 x 0.5 (m) x 0.25” (3.81 x 1.27 x 0.635 cm) reverse flux on degradation

¢ (m) indicates plane of magnetization

Sample: =

Pair of samples:

2 pairs of samples with
perpendicular fields:

Two samples with spacer. Left is NdFeB S. J. Brooks, “Permanent Magnets for the CEBAF 24GeV
single sample, right is SmCo pair assembly Upgrade”, in Proc. IPAC'22, Bangkok, Thailand, Jun. 2022,

sample. Field aligned horizontally in photo. pp. 2792-2795. https://doi.org/10.18429/JACoW-

Both are covered in tape for safety. IPAC2022-THPOTKO11 12

/QAENO O
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The Measurements

* 30sites around CEBAF enclosure

* Mobile measurement system for in-situ
measurements

* Access to tunnel during maintenance days

* Teslameter + 3D printed measurement rig to make
three point measurements (one per plane) for
single samples and pair assemblies

* Helmholtz Coil and Fluxmeter to measure magnetic
moment

* Data collected in custom DAQ

Mobile Measurement Setup





image7.png
Measurements — Teslameter & 3-Axis Hall Probe
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Senis 3MH6-E Teslameter with 3-Axis Hall probe
* Point measurement on each plane of samples
3D printed rigs to maintain repeatability and speed of measurements
QR codes used to identify dosimetry and samples to be measured
LED and sensor setup to automatically detect which plane is being read
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Measurements — Helmholtz Coil & Fluxmeter
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Magnetic Instrumentation Inc. custom Helmholtz coils with rotator and Model
2130 Fluxmeter for measurements of integrated strength

Single samples measured independently, pair assemblies measured as
assemblies and as pairs

Rotator allows repeatable measurements and reduces error

Rotation of 180° and back to 0° gives reliable reading, and helps to reduce
machine drift over time
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¢ Optically stimulated luminescence (OSL)
area dosimeters (neutrons and gamma), as
well as low and high-dose optichromic
rods (gamma) will measure doses at
samples

* Neutron Dose Rate Meter with Extended
Capabilities (NDX) and lon Detector with
Extended Capabilities (IDX) data will
supplement neutron and gamma dose
readings in locations where present

* Radiation data is error prone, even with
dedicated online radiation monitoring
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Simulations in BDSIM

simulations, and external study data oai !
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*  BDSIM simulations to better understand the doses bl - .
that occur at CEBAF and FFA@CEBAF energies - =
¢ Currently trying to match simulation to dosimetry . =
+  Refining simulations o ¥ - E
*  Will build degradation models with data, o (T et = 2
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Current Status — Measurements Ongoing

* Allinstalled samples measured in lab prior to installation
* 30 locations in areas of varying exposure
* Every location with pairs and single samples
* Dosimetry on each plate
* Simulations performed to be sure no interference with operations
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First Glimpse — Presenting
Initial, Unprocessed, Raw Data

Image created by Google’s Gemini
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Peak at Initial (Raw Data) Results
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Percent Difference - Magnetic Moment

Peak at Initial (Raw Data) Results

Accumulated Dose By Date

T

70000 Viie3 Smcots

Vi anaztn
o000
’E 50000}

§ womo 60K rem =~ 0.6 kGy

% oo
§ o
1000
o

B T e e e

Date
Percent Difference of Magnetic Moment for Single Samples

0801

Accumulated Dose (rem)

Accumulated Dose By Date

VA Seo%E ——

2800 V222 N2EH
7223 SmCasaH =
Varanszsn ——

2]

,,/

et

2e6rem = 20 kGy

o

Please remember: these results
require analysis before any
conclusions can be made. This
is raw, unprocessed data only!

o

24T RO O 0T 07T 00T

Date
Percent Difference of Magnetic Moment for Single Samples

O T 0 TR0 W0 To08.01

Y25 smooaan ——

V.25-2Ns25H ——
¥-26-3 SmCo36 —

¥-25-4 NAZEH —o—

08

e

&

Percent Difference - Magnetic Moment

2

V721 Smess ——
V-22-2N42EH ——

¥-22.3 SmCasam —
Y224 N625H —o—

20240 202401 20760701 2076-02-01 2076-03-01 20750401 20760501 20760601 20250701

Date

/7 A@ENO O

7075-08.01

2024701 078200

TEG01 20750201 20750301 2025-04-01 20750501
Date

Magnetic moment change [%]

45—
o 800

1600 2400 3200 4000 4800 5600 6400
Radiation Dose (krad]

“Measurement of NdFeB permanent magnets
demagnetization induced by high energy electron
radiation,” A.B. Temnykh, NIM A 587 (2008) 13-19.

TS 0601 07 70T 075-08-01





image16.png
Dosimetry Reports

Opti-Chromic Reader Log
K Equivalent Dose (mrem) for Periods Shown Below . ® Date: 2/ 21 24
£3 Name 3 & 3 g E Reader Chocks
5 § Use | 5 (S| Period Shown Below Quarter to Date Year to Date Lietime to Date 2 Zaro Ghock: (SAT) UNSAT  (cirdlo cne)
< < |& hoi i
1D Number | Birth Date = ['Boay | tens | sin [‘aoorw | ens | sun |'Boge | Lens | sun |'Boae | Lens | sk £ ] Ught Densty:
For Monitoing Period: 2025.01-01 10 2025.06 30 QUARTER 1 2025 UFETME — v
G2z oW [WBooY [N [0 [60 [600 2025701 [ACGRZBTES L - )
N T (3 30 30
‘N F|s70 570 570
INOTE [Dosimeter has exceeded the reporting capabilities of 1000 rads. Dosimeter repr second read agrees. Dosimetry Read
reported dose.
07228 027N [WHBODY T T I T T T T T | T T 202501 | XAOOSSAESTD r T | 65m |
NOTE Dosimeter has exceeded the reporiing capabiiies of 1000 rads. Dosimeler reprocessed, second read agrees with [z, 043 | + oo Jo.ess |
reported dose. fosni 05, [ 2 Jo.m5 0058 |
INOTE [Neutron component has exceeded the fast and thermal reporting capabilities. (rage 110 v lo.ste
funcd w6
GizsT TOZTN ™ [WHBODY T T I T T T T T T T T 202507 [XAOGORITI3T T
INOTE [Dosimeter has exceeded the reporting capabilities of 1000 rads. Dosimeler reprocessed, Tead agrees with E——- 3
reported dose. s f =
NoTE Netron component has exceeded the fast and thermal reporiing capabilies. e i Toom Jeetm
01232 L02TN [WHBODY  [*PN. 8459 (8459 8392 2025/01 | XA00688188Z (bt 3 + -
P M|[s320 5329 5262 z ; -
N Tlso [0 [2s0 . 11
I e ) 3 3 —
01233 L02TN [WHBODY  |*PN’ 853917 (853917 |853917 2025101 | XA005940793 — 2:035 {8171 — 1
p M |ssazer |ssa7e7 |ssazer 2 foarr [o01 Jwohe | |
| st wo
‘N Tlo 10 [ 1
R R ) e 1 1
o1z ToTN [WHBODY | PN [teazi [15797 [13084 07501 | KAOZRBIZ0T + o |
‘P M[16251 |15727 |13024 1 lows loe1s |+ het | | 1
I r vE o P T
N Flo | |n I ey Y =
A

05 oo i 1

a2 2on]

27





image17.png
the shape, etc...

For our samples, the corresponding temperature coefficients are in Table 1 [3]. These show roughly
what percent difference in the residual induction would be expected per increase in degree C. This is
a rough estimate, as the actual change depends upon other factors, including shape, size, treatment,
etc... However, it clearly shows that one can expect a roughly 1% decrease in NdFeB per 10°C change
in temperature. SmCo would have an expected degradation of ~ 0.4% with the same change in
temperature.

With this knowledge, and looking at the raw data plots from above, it is very possible that some
of the apparent degradation is due to temperature-related issues, both from the magnets themselves
and the Helmholtz coil. By quick observation, the range of degradation appears to be &~ 0 — 2%. This
could mean that the real degradation is likely more like ~ 0 — 1.5%. The following test is meant to
address this concern.

- aadieed

Table 1: Temperature Coefficients for Samples

Permanent Magnet Material Temperature Coefficient ((%)/°C)

NdFeB 42EH 0.1
NdFeB 52SH -0.11
SmCo 33H -0.04 %
SmCo 35 -0.04
9
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Although the data presented at NAPAC and in the start of this tech note focused on the Helmholtz
coil results (since there are an inadequate number of measurements on the Teslameter to draw con-
clusions), we wanted to perform the same study for the Teslameter. The Teslameter we use [4] has
a 3-axis Hall probe [5], which measures the X, Y, and Z components of the magnetic field at each
measurement point. Figure 12 shows how these axes are defined.

By(vy>0)

narrow cavity

Bz (Vz> 0, i ~
' ).' RS Bx(Vx>0)

Figure 12: Axes definition of the Hall Probe from the manual.

When taking our measurements, the bottom of the probe (positive Y-direction from Figure 12)
is placed toward the magnet, with the handle (back of the probe, negative Z-direction) placed either
toward the person reading it, or up away from the sample. Figure 13 shows how the samples are
designed to be read. When placed on the reading rig, the field inside the magnet is pointing to the
right of the person taking measurements, similar to in the image. The "Top” position is read with the
probe laying flat on the sample, the handle pointing toward the person. The ”Side” is read with the
probe’s positive-Y plane along the side of the sample, and the handle pointing up. And the ”Front”
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The Team

The Magnet Study LDRD is:

Investigators: Ryan Bodenstein*, Kirsten Deitrick, Randika Gamage,
Isurumali Neththikumara, Edith Nissen

Support: Colin Decker, Joe Gubeli, David Hamlette, Matt Janak,
Kevin Jordan, Seungjoon Lee, Joe Meyers, Becky Mosbrucker,
Veltman Okey-Ejiowhor, Jerone Samari, Sarah Shriner, Max Smith,

Neil Wilson

Advisors: Stephen Brooks (BNL), Stewart Boogert (Cockcroft), Will
Shields (RHUL), Ben Shepherd (STFC), Laurie Nevay (CERN)

The FFA@CEBAF Collaboration is:

R.M. Bodenstein, S.A. Bogacz*, A.M. Coxe, K.E. Deitrick, B.R. Gamage, R. Kazimi,
D. Khan, I. Neththikumara, E.A. Nissen, S. Ogur, Y.R. Roblin, R. Ruber, T. Satogata,
N. Sereno, A. Seryi — Jefferson Lab

1.S. Berg, S.J. Brooks, D. Trbojevic — Brookhaven National Lab

V.S. Morozov — Oak Ridge National Lab

G.H. Hoffstaetter — Cornell University

@ /‘ O\ [\ ° e Original contains animations.





