FIBER-OPTIC DIAGNOSTIC SYSTEM FOR FUTURE ACCELERATOR MAGNETS
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DISCUSSION

= The Nb3Sn MQXFA superconducting magnets fabricated

The next generation high energy physics accelerators will require magnetic
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fields at ~20 T. and several efforts are currently dedicated on designing 20 T through the HL-LHC Accelerator Upgrade project (AUP) are e e e T s
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temperature. We propose the use of fiber optics sensors for diagnostic and
quench detection in future accelerator superconducting magnets. 2 = IMPROVE RESOLUTION: At moment, distributed fibers can be as
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£ Distributed Rayleigh finer sensors can
' be used to obtain strain maps during
coil, magnet or cold mass fabrication/
or to measure temperature during
epoxy impregnation. There are 30000

sensing regions in a 20 m fiber.

long as 50 m. However, the length of the fiber affects the
sample rate. One of the most urgent need is to have long
fibers (>100 m) with the highest sample rate (>1kHz) and
highest spatial resolution (pitch < Tmm). This is a necessary
step if we want to use those sensors for diagnostic or quench
detection during a quench.

Top panel: 10 m Rayleigh distributed
fiber sensor installed on stainless
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Sensing locations
* Temperature or strain
* Gage pitch <1 mm

INSTALLATION and SCALING UP: Fibers are fragile and can be
fabricated with several coating materials. We need to be able
to fabricate hundreds of meters of coated fibers. Mechanical
properties, fabrication and installation processes need to be
scaled up to industrial level in order to instrument a large
number of accelerator superconducting magnets

The working principle of those sensors is
very simple: the spectral shift observed
in the fiber can be directly connected to
strain and temperature variations [11].
Those sensors can be divided in two main
categories: discrete sensors based on

Rayleigh backscatter due to
inhomogeneities in fibre core
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Exploiting the synergies among the HL-LHC Accelerator Upgrade project
(AUP), the Magnet Development Program (MDP) and Lab Directed R&D
(LDRD) funds, fiber technology is being currently implemented across

Bragg  grating principle (FBG) or several US National Laboratories. We expect for FBG discrete sensors to The verfical magnet test facility at FNAL has been recently

- g . . . . modified to accommodate up to 16 fiber sensors. Left panel: view
distributed sensors based on Rayleigh, become a stable diagnostic probe for superconducting magnets over the o th fber plug at the lamba plat. Right panel:view o fhe fiber
Raman or Brilluoin bu(kscuﬂering. next 3 to 5 years. instrumentation tree The first cold test at 1.9 K has been

performed in March 2022 on a mirror magnet.
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CONCLUSIONS

. . 5 Fibers have proven to be a promising tool at the level of proof of
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accelerator superconducting magnets over the next 10 year. normat zones In HI>. tibers can be lﬂfﬁgfﬂfe l"’fO. 0 ?tﬂ P e years. Spatial/temporal resolution of distributed optical sensors

* increase of sample rate and sensitivity. Close collaboration with vendors REBCO  conductor architecture.  Preliminary  studies “ T ey can be tuned and modified according to the needs, making those

demonstrated strain sensing capabilities as well as
thermal perturbation detection and localization with
higher spatial resolution than taps .

will be necessary. fibers the most promising quench detection system for LTS-HTS

hybrid magnets where integration is the major challenge. The
long-term goal would be to integrate fibers in above 20 T hybrid
magnets making them a solid quench detection system for future
HEP machines.

We use Rayleigh distributed fiber optic sensing system to identify the locations of the resistive transition in a COR(®
wire [18]. The optical fiber was co-wound with the sample, followed by epoxy impregnation (see Fig.4). During the test,
the heating in the bent region of the CORC® wire was successfully localized at a power level of 0.2 W which
correspond to a 5kA and 40 uV voltage rise, a condition observed in recent REBCO magnet tests .

Close collaboration with vendors will be necessary. Those R&D efforts will
last up to 10 years with a founding level that spans between 5-10 M$.




