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CEA test facilities applied to
superconducting magnets, cryomodules
and physics detectors

Roser VALLCORBA on behalf of Cryogenics Laboratory and Test Stations (LCSE) LCSE
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1. STAARQ facility

Station de Test d’Aimants d’AccéleRateurs Quadrupole
French acronym Standing for Test station for Quadrupole AcceleRator magnets

(Courtesy of STAARQ team)
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H STAARQ is the last step of a long series of tests done in the
STAARQ fac“Ity 1l1 1 former vertical station —
" Context oy fe==
v In the initial framework of HL-LHC project

4 Design and manufacturing:

1. MQYYM single aperture short model quadrupole designed and
manufactured by CEA Paris-Saclay in collaboration with CERN

90 mm Nb-Ti single aperture, gradient of 120 T/m at 1.9 K
4.5 kA, 1.35 m long OD 360 mm

2. Two MQYY double aperture 6 kA, 4 m long OD 614 prototypes
manufactured by industry

3. MQ magnets for the LHC consolidation project

—‘C—ijﬁes

v Magnet testing in the new CEA Paris-Saclay cryogenic test facility

« Magnet training to reach nominal current (13 kA)
« Magnetic characterization
« Quench protection & detection
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STAARQ facility 2/11 == YWURE =

® Technical overview

* Cooling in normal liquid helium at 4.5 K and/or in superfluid
pressurized helium at 1.9 K.

*  Cryogenic power geq - ~ 45 W).

* Current up to 13 kA thanks to HTS LN2-cooled hybrid
superconducting current leads to limit thermal loads

* Cooling by a Helial liquefier (~70 I/h in liquefaction mode or
180 W in refrigeration mode)

» Detection:
Two Magnets Safety System (MSS) in parallel
Numerical // Analogical MSS

MSS A&N
+ instrumentation

Cryostat

supply power  _

« Supply power of 20 kA v
o STARRQ

Magnet
support

L&l
35mx3,5m

« Weight max magnet: 12 t
« Useful OD diameter: 640 mm

 Useful Length : 5.2 m et
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STAARQ faCIIIty 3/11 some pictures/illustrations of the main components

All cryogenic elements of 1.9 K bath are
installed on the magnet insert

« PUmping connection

(
u

JT valve

r

Current leads

Exchanger
4.2/1.9 K

Exechang
1.9K Sat /l K Pre
I

LHe bath
@4.4K

A plate

Exchanger
19KS/19KP

Anti cryostat
(double aperture magnet)

Support Magnet

Pressurised LHe bath
@ 19K

7650 mm
@: 750 mm LHe Vessel
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STAARQ facility 4/11 Some pictures of the main components
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Titanium tie rod Anti-cryostats instrumentation Hybrid current leads: 13 kA

HTS supra, cooling down by LN2 (2 g/s)
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STAARQ facility 5/11

® Upgrade Helial Liquefier

Major mechanical renovation

Complete mechanical overhaul of the compressor
Connections: Piping HP/BP/recovery/LN2

New Control/command & supply power connections
15t production summer 2023

AN NI NI NN

Cold box B Turbine

v’ Liquefier: ~ 70 I/h
v' LHe Storage :4500 |
v" LHe vessel: 2000 |
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STAARQ facility 6/11
a life-size test bench for MSS R&D

( Courtesy Ph. De Antoni and DIS team)
Digital Magnet Saftey

System cabinet
(up to 48 measurements ( \
and 24 quench equations) » Analogue MSS in redundancy of new Digital MSS for validation

» 61 quench detections by digital MSS, no false, on MQYYM magnet

» Digital MSS uses an FPGA to reproduce functionalities of analogue
MSS and improve processing and compactness with reliability

= Power electronics
= Power supply: 20 kA, 5V, di/dt = 350 A/s max
= Protection triggered by MSS: Rdump and breakers, Magnet heaters
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Analogue MSS and
Acquisition system cabinets

| /A |

and for currents leads developed
by Mark & Wedell

...........

FPGA = Field
Programmable Gate Array
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N
STAARQ fﬂClllty 7l1 1 MQYYM and MQYY Mechanical integration on the insert

Superconducting connection MQYYM Magnet with Styrodur to Integration platform
under A plate reduce Lhe volume under A plate Mechanical integration on the insert
MQYY (6 kA, 9 t, length 4 m and @ 600 mm)

5th SMTF and 3" IDSM 2025
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Anti-cryostat on platform

ents

cryostat in the MQYY Magnet

Anti

cryostat delivered by CERN
cryostat

Anti
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STAARAQ facility 9/11

® Cryogenic commissioning o

T° Bain Lhe au-dessus de la A plate /

-] 2

= Facility operational since February 2024. First tests were ¢
carried out without the anti-cryostats and magnet power
supply, in order to verify the cooling power available at 1.9 K.

™~ Freq. pompage

sanoe
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/ Puissance add.
Very encouraging results ~40 W of additional power available ~ 7
to cool the anti-cryostats for 10 W calculated. ) T° aimant
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Heure

= First commissioning MQYYM magnet in summer 2024.
Excellent results providing confidence for long MQYY tests.
The station was able to keep the magnet cold for several
weeks and produce 61 quenches!

= First full-scale MQYY magnet test scheduled for mid-2025

Although originally designed to test and characterize
guadrupole magnets can be used for others magnets

Availability expected > 10 years,

5th SMTF and 3" IDSM 2025
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STAARQ facility 10/11

" Test results of the MQYYM magnet ( Courtesy S.Perraud and LEAS Team)
® 61 quenches detected by the digital MSS — No false detection

March 2021

The magnet reached a current of

4550 A @ 4.2 K without quenching

July 2024
First quench at 1.9 K: 4931 A
Last quench at 1.9 K: 6374 A
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STAARQ facility 11/11

ASTERICS superconducting ECR ion source : Cold mass testing in STAARQ scheduled for 2027
- Advanced Spiral Two Electron cyclotron Resonance lon source at Caen with Superconducting magnet (Courtesy D. Simon et al.)

«  CEA/IRFU committed to design and procure the ASTERICS superconducting magnet inspired from the VENUS ion
source at Berkeley for the NEWGAIN project aiming to upgrade the GANIL SPIRAL?2 injector (B,=2.4 T on plasma
chamber at r=91 mm, B,=3.7/0.1/2.5 T at r=0)

Cryocoolers

Instrumentation

Satellite

HTS current leads

Turbo pump

///// Extraction Tie rods
_SE

solenoid .
Helium vessel

Thermal shield
Magnet

Injection
solenoid

solenoid

B&K structure

i Vacuum vessel
— 1 Support frame

Injection solenoid

Sextupole-in-solenoids
Autonomous cryogenic system
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2. MATTRICS facility

Magnet Technology Testing Research InfrastruCtureS
(Courtesy PEPR SupraFusion team)

Programmes et Equipements Prioritaires de Recherche

One of the largest cryostat in the word
12 x 7x 1.8 m3

3D mock-up of the building r
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o N
MATTRI cs faC| I |ty (1 l4) is being adapted from formerly JT-60SA-CTF facility

" Objective:

v MATTRICS is designed to test and qualify new-generation prototype of
conductors and magnets, particularly for fusion applications.

v" R&D for the next generation of superconducting magnets at temperatures of
the order of 20 K and tens of KAmps.

" In the past:

v In the framework of the ITER broader approach, IRFU built this JT-60SA
large-scale facility operating in supercritical mode, and performed the

cryogenic tests of 18 toroidal field coils of the Japanese Tokamak JT-60SA. N
First plasma on October 23, 2023 &

v The facility had been updated to operate in superfluid mode at 1.8 K@ 17 At NAKCA

kA in order to study the quench behavior on a mock-up coil MACQU with
large testing temperature range (from 1.75 K to 2.01 K) and current (from 10
kA to 17 kA). It allowed to demonstrate for the first time the existence of the
Thermal Hydraulic Quench Back phenomena in superfluid helium

" In the near future:
v Commissioning at 4.2 K scheduled for 2025

MACU prototp iI tésted for qehch studies

th rd :
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MATTRICS facility (2/4)

il

" Facility for superconducting magnet test at 4.5 K and 15 bars i!ﬂih
- i

O Characteristics:
v" Cooling power: ~ 500 W (40 g/s @ 5 K, 15 bars)

v MACQU version: ~10 W @ 1.8 K

v/ HTS current leads/feeders: 25.7 kA - Power supply 257 kKA10V o B ISNG SN
B \aW\

v" As for STAARQ facility, two different redundant magnet protections (MSS) will be

installed,
v" Rdump up to 6x (10 mQ — 5 MJ)
v Breaker: 30 kA — 700 Vdc

(Adapting to developments in high-Tc (or high-current/high-field) conductors and magnets)

5t SMTF and 3" IDSM 2025 . e oot
@ 30 March 2025 to 4 April 2025 @ PSI EPFL oser Vallcorba 17



MATTRICS facility (3/4)

The facility is intended to be versatile

O Wide range of tests:
v" Cryogenic tests on conductors and magnets
v’ Studies of propagation and quench detection

v’ Testing Demonstrators

L Evolutions to meet future test modes:
v’ Potential increase in current and voltage
v Additional instrumentation

v/ Updating control, acquisition and MSS

v’ Integration of background field coil

5th SMTF and 3" IDSM 2025

30 March 2025 to 4 April 2025 # PSI EPFL
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O Different cooling modes possible thanks to the high

power of the refrigerator:
v’ Forced circulation of supercritical helium

v" Superfluid helium — option via «Claude Bath» THO

satellite

v" Helium bath — phase separator into valve box

e

HTS conductor at 4.2 K

and up to 20 kA P Al

V" \7\"

THO satellite

Magnetic field
generated by
OPTIMIST

(solenoid 9 T)
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MATTRICS facility (4/4)

Today (2025/03/31): Official launch of PEPR SupraFusion

Test program associated to SupraFusion R&D
O 2025: commissioning of CELLO liguefier & MATTRICS facility
v HTS R&D launched on the conductor and quench detection
v Preliminary design of a PEPR Demonstrator 100 MJ
0 2025-2026: Prototypes generation 1 — studies/test of conductors and quench propagation
[ 2027-2028: Prototypes generation 2 — Studies of protection systems and mechanics

0 2029-2030: Prototype generation 3 — Large-scale Demonstrators

5th SMTF and 3" IDSM 2025 ‘
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3. SUPRATECH cryogenic
platform for testing

accelerating cavities and
cryomodules

'S

'S

s

'S

Update of the facility for testing
the PIP 1l cryomodules

“Proton Improvement Plan Il”
(Courtesy N. Bazin and SUPRATECH Team)

'S

'ad's
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Context

The goal of the PIP-II project is to enhance the capabilities of the Fermilab accelerator complex
(USA) to support the delivery of 1.2 Megawatt (MW) beam power to the Long-Baseline Neutrino &S
Facility (LBNF) neutrino production target, and to allow upgrade to multi-MW capability for DUNE
(Deep Underground Neutrino Experiment) with aims to unravel the mysteries of neutrinos. o

PIP-II is the first USA accelerator project to be built

by an international consortium led by the USA

(DOE, Fermilab), including India (DAE), France
==(CEA, CNRS), UK (STFC) and Italy (INFN]J).

Elliptical
LB650 X 9

=
I I& 650 MHz

Single Spoke 1
pSSR1 X 2

Cryoplant
2.5kW @ 2K

Beam energy 800 MeV
Beam current 2 mA
Loy CW-compatible

CEA contribution is focused on the ‘low-beta’ LB650 accelerating section comprising 9 cryomodules of 4

B = 0.61 elliptical cavities. It includes design, fabrication, assembly, and qualification of ten cryomodules,
namely one pre-production cryomodule prototype and the nine accelerator cryomodules. The 40 cavities, 40
couplers, and 40 tuners of these cryomodules will be provided by Fermilab after qualification.

5th SMTF and 3" IDSM 2025 '
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Update of Cryogenic Test Station

O n g O I n g Main Cryogenic Transfer

Line (MCTL)

. \ValveBoxwith integrated U-Shape
V.. ‘ - " ; 400 L Dewar and Sub-cooler Transfer Lines RF Waveguides
. - i .1 output

/’,',]

Secondary Cryogenic X
Transfer Line (SCTL) LB650 Cryomodule  RF Waveguides N

Added Chicanes

Réservoir 400 | Sous-refroidisseur 45 |

® New liguefier ~240 L/hr commissioning in progress
® Dewar ~3000 L

® New cryogenic distribution line — under construction
" New valve box

® Cooled by superfluid helium at 1.8 K

5t SMTF and 3™ IDSM 2025
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4. In conclusion

" STAARQ facility
v’ Available
v MQYYM magnet successfully tested. Detection with new digital MSS
v MQYY ready for testing, MQ...
v’ Cold mass of ASTERICS scheduled in 2027

" MATTRICS facility
v Commissioning of the facility ongoing

v Preliminary conceptual studies for a demonstrator

® SUPRATECH - Cryo

v" End of Liquefier commissioning scheduled for end of April

5th SMTF and 3™ IDSM 2025 ~ - R Valloorb
@ 30 March 2025 to 4 April 2025 J PSI EPFL oser valicorba 23



..................

I B

o,

Thank you for your attention
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