Status Update of Permanent
Magnet Radiation Resiliency
Studies at CEBAF
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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, Colin Matthews, Marcus Mason, Adam Ramirez,
Moishe Imber Safdar, Evelyn Juarez, Dillon Thomas

Advisors: Stephen Brooks (BNL), Stewart Boogert (Cockcroft), Will
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The Mission

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

e Started as feasibility study for FFA-based energy upgrade to CEBAF

 Grew to become the largest ever study of its type (in-situ, accelerator
environment)

* Applicable to worldwide growing interest in permanent magnet use in
accelerators

e Study ongoing!



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—1.5x0.75 (m) x 0.25” (3.81 x 1.91 x 0.635 cm) * Pair assembly samples to study impact of
* Pair assembly samples—1.5x 0.5 (m) x 0.25” (3.81 x 1.27 x 0.635 cm) reverse flux on degradation

o (m) indicates plane of magnetization

Two samples with spacer. Left is NdFeB
single sample, right is SmCo pair assembly
sample. Field aligned horizontally in photo.
Both are covered in tape for safety.

Sample: =

Pair of samples:

2 pairs of samples
with parallel fields:

2 pairs of samples with
perpendicular fields:

2 pairs of samples with

'Wllel fields:

S. J. Brooks, “Permanent Magnets for the CEBAF 24GeV
Upgrade”, in Proc. IPAC'22, Bangkok, Thailand, Jun. 2022,
pp. 2792-2795. https://doi.org/10.18429/JACoW-
IPAC2022-THPOTKO011
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The Measurements

30 sites around CEBAF enclosure (540 magnets)

Mobile measurement system for in-situ
measurements (~1920 measurements/session)

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
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Findings After Approximately 6 Months of Beam

* Helmholtz Coil measurements more
successful so far

* NdFeB degrading more than session-
to-session gain drift systematic

* SmCo not degrading, statistically

Key Feature of our study: gain-immune
differential measurement!

* Four sample types randomly placed
on each plate

* Measured at same time with same
equipment — gain drift cancels by
design

e Subtract mean SmCo from mean
NdFeB on measurements taken at
same time with same equipment

Change in Magnetic Moment (%)
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Findings After Approximately 6 Months of Beam

NdFeB Sample-by-Sample Degradation by Tunnel Region
Peak: -0.82% | Mean:-0.212% | Gain systematic band: £0.12% (gray)
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PRELIMINARY — LDRD FFA@CEBAF Magnet Radiation Study



No Recovery in Measurement Campaign 2

Long scheduled accelerator
maintenance period without beam

No signs of recovery from loss

First half of C2 run low energy and
low current beams

Signs of degradation continue, even
with low doses

NdFeB — SmCo differential (%)

NdFeB—-SmCo differential across Campaign 2
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QUESTIONS?

Email: ryanmb@jlab.org

Scan for paper pre-print.
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