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Introduction to the FAIR project at GSI
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The FAIR project layout

SIS10Mheavy-ion synchrotron
highintensity primarybeams

SIS100
protons to uranium Productiontargets
A exotic nuclei

A anti-protons

SuperFRagmentSeparator
In-flight separatorfor exotic nuclei

B Existing facility AéS//J‘/// //S/Qp)eFFRS RiﬂgS

B Planned facility N

Bl Experimental setups / //\/'///S\ collectionand storage

NUSTAE Experimentalsetups

four mainpillars

Courtesy of Christian Roux
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The FAIR project layout

Focus on super-FRS

Super-FRS

Fragment Separator
production separationand
identificationof new exotic nuclei
deliveryto experimentalsetups
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The different stages of the sFRS-project

SCD
VAC
EBD
EBM

target
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nc dipole

beam catcher
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sc dipole
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Focus on the High Energy Branch

FPF2

FPF1

High Energy branch

fEarly Scienceo

Project Priority
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Presentation of the SuperFRS magnets
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Multiplets and Dipole magnets

What is a Multiplet?

Several magnets that forms the Cold Mass surrounded by a Thermal Shield
inside a common vacuum vessel

T

Quad I+ Octupole - A::

From 2 to 9 magnets

Hugo Bajasi SMTF 20251 GSI Test facility at CERN
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NbTi conductor

Cold iron

From 27tto 65t

From1.7 to 7 m long (4.3 m height)
Up to ~2 MJ stored energy

Aperture [mm] : @380



Multiplets and Dipole superferric magnets

What is a Standard Dipole?

Mapped
surface

13x38 mm
(495 mm)

X
z
4

Two types with two bending angles
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NbTi conductor

Warm iron

From52tto 55t

From 3.0 to 3.37 m long (4.4 m height)
Up to ~0.5 MJ stored energy

Aperture [mm] : 170 x 794
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SuperFRS magnet test facility at CERN
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SuperFRS magnet test facility at CERN

The test facility is located at CERN at the
Building 180 7 (2012-2018 construction).

Preparation area N

\‘% ?"5:

—
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The Preparation Area and three Test Benches

The zone dedicated to the sSFRS magnet is
composed of:

The PA can host up to 5 magnets

Serves as Delivery zone and Storage space:

Unpacking

magnet handling and preparation
vacuum pumping

electrical tests (at reception & expedition)
GN, filling

Coupled-overhead cranes:

{40+60} tons
shared with the rest of the building)
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The Preparation Area and three Test Benches

The zone dedicated to the SFRS magnet is
composed of:

The three benches TB1, TB2 and

For magnet qualification with:

Vacuum i Pressure leak test
Cooldown- Warmup
Control of the magnet maximum thermal gradient
Electrical insulation integrity checks at cold
HV test
Magnet Heat load measurement
Magnet training to Ultimate current
Magnetic field measurement
axis, strength and quality
Fiducialization
Magnet position with respect to magnet field axis
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The Preparation Area and three Test Benches

A legacy:
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The Preparation Area and three Test Benches

A legacy:
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How do we move the magnets ?
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Magnet on the bench The Jumper From the warm resistive cable to the

e — |

How is a magnet connected to a test bench?

magnet current leads

Hugo Bajasi SMTF 20251 GSI Test facility at CERN
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L. Serio et al., "A New Cryogenic Test Facility for Large and Heavy Superconducti F A I R E 5 ][
in IEEE Transactions on Applied Superconductivity, vol. 27, no. 4, pp. 1-5, June 20

Testing capacity doi: 10.1109/TASC.2016.2626270.

Cryogenics circuit
Cooling-down:
GHe: 2 pre-coolers: 9 & 15 kW cooling power, 50 g/s , 12 bars, shared between the 3 benches i pre-cooling phase
LHe: 5.6 g/s (shared) i filling phase
Warm-up:
15 kW heater, 50 g/s, 12 bars T warming phase

~50m3 LN, > P Compressor
dewar CWUs
P ’i!l ] ,

.....

vl i LS (N 1
K : : =7
' F ~ 2 p, .

[

i 2= - i1z
By r'{e';" Cold box 44 -. ol
- = || From 300K to 4.5K AND WarmUp

6 g/s (1.2kW)

& v ,&
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A.Chiuchioloe t  Abld Test Results of the FAIR Super-FRS First-of-Series Multiplets an
in Journals of Accelerator Conferences Website (JACoW) ﬁ! F A I R E 5 ][

: : IPAC 2022
Testing capacity DOI: 10.18429/JACOW-IPAC2022-THPOTKO013

Powering circuit

Test bench rated for High Voltage (1.5 kV)

Two types of power convertor (ARCO & ARMO f
3 x converters rated at N\6GOO A / 120 V
6 x converters rated at N6OO A / 40 V

9 load switches interlocked & 78 power cable

Energy Extraction system
3 x External dump resistor (2.8 W)

Up to 9 simultaneous powering can be done (in one bench)

Power Converters Load
racks T switches

ol i

& fﬂﬂ ( m;-v;»ml
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Powering Circuit General COMET | Medium Power Converter Section

Test bench rated for High Voltage (1.5 kV) IR chomr conron BT |

Two types of power convertor (fiRCo % = | j [ 3 %}FWLWT duct
3 x converters rated at NG00 A / 120 V +@’% f W Z _5} "[_5} @JZ T?;
6 x converters rated at N6OO A /40 V ¥

9 load switches interlocked & 78 power cable il o S o I

Energy Extraction system o |
3 x External dump resistor (2.8 W) W Z

Up to 9 simultaneous powering can be done (in one bench)

Powering configuration for the 6 corrector circuits

,,,,,,,

| |
DCCT | DCCT |
head | ? Bench#1_(+) head [~ i i PT» .
. ‘ +——» Bench#2_(+ 0 | A | +——» Bench#2_(+
1 : ) e | l | -
! +——» Bench#3 (+) | ! | +——» Bench#3 (+)
| |
[ | [ \ [ |
|
PC4...PC9 } i PC1...PC3 i i i i
[ | - [ [ [ |
[ | [ [ [
| A——» Bench#1_(-) | | | A—F» Bench#1_(-)
| | | |
1S | e Bench#2_(-) : A} | e Bench#2_(-)
= | | | |
| | | |
| |

+——» Bench#3_(-) +——» Bench#3_(-)

Load Load
Switch Switch

Hugo Bajasi SMTF 20251 GSI Test facility at CERN https://confluence.cern.ch/download/attachments/417214065/SFRS_PC_Functional_Specification.docx?version=1&modificationDate=1554888920000&api=v2


https://section-mpc.web.cern.ch/content/general-comet

J. Steckert, et. al. , "Application of the Universal Quench Detection System to the Protection 7EHR
High-Luminosity LHC Magnets at CERN," in IEEE Transactions on Applied Superconductivi \\' /\/l E 5 ][
. . no. 6, pp. 1-5, Sept. 2022, Art no. 4006305,
Testing capacity doi: 10.1109/TASC.2022.3152125.

Quench Detection System (QDS)

Use of the so-called uQDS system ( 9 kHz, N1 mV precision, < 10 nV resolution, full ramp recording (~Gbit) capacity)
Parameters for sSFRS magnet quench detection: threshold at 600 mV with a 35 ms validation time, (adaptable)

uQDS crates

|

— Vtaps 1 and 2 v I B

Vtaps 3 and 4

R |

CL -
I
— Vtap 5 .L_:
—
Vtap 6 ' :
- S
A\ jum—
Vtaps 7 and 8 -~
Redundant ¢
Interlocks &  Vtaps 9 and A

‘ \ communication

g - Redundancy on the level of crate
« Enhanced availability of supervision

+ Qualified in radiation
+ Radiation tolerant up to 100 Gy

(monitored)

Field -
Bus

base line prototype for the HL-LHC quench detection system
Courtesy of M. Zerlauth (TE-MPE-MS)

Hugo Bajasi SMTF 20251 GSI Test facility at CERN



G.Golluccioe t  Anbtrumentéiand Methods for the Magnetic Measurement of th

RS
Magnetso F R
in Journals of Accelerator Conferences Website (JACoW) ‘ A I E 5 ][

: : IPAC 2016
Testing capacity DOI: 10.18429/JACOW-IPAC2016-TUPMB037

25A Y46mm

:::::

4 magnetic measurement systems

-

For Multiplets PR
Rotating coi - |-
Straight wire e

o 1] P

For Dipoles - - !
Translating Flux meter e i
Mapper . . iiﬁiiii‘

=7 Rotating
coils
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Tests and Difficulties
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Test organization

Safe and Organized chain of actions
Use of the Enterprise Asset Management system, (EAM Light)

EAM is a tool largely deployed at CERN (methodology supported by IT systems)

Allow us to organize multiple magnets testing
Insure each step is done in order by the various actors involved in the magnet preparation

MagnetsOverview
MFAIR.DOS . ey Test magnet at cold
i 1
MFARLM2S  rap ot 360 - Carry out high voltage test

[r———

e Wl
2 weans | B
Responsibilines:

MEAIR-DO1 aA

B s I N S, ‘ B oo A B orwE s 2

==

MEAIR-LMI0 Testingiscompleted 380 - Cooldown current leads 28-Mar-2025
Responsibilines:

. p— . JP——

v [Er— | e
T P —

: [—— ) = ) | s
: —
MR s

stanst - nstalled weight 61050 " —
15 - Sign pproval for powering Gsn-ﬂm

[*] woaK oRos 1o~ [ customFiELs v

MFAIR-SMOSVZ 1o 500, bre.cooimagaetdowntoox.

B

. Tesegicompieit e
MFAIR-LMIE e 400 - Power magnet
Pl Al open wF (IR FE MTF WoRK oRDERS " E] %
WokOubr  Descepion status Craation Date +
I e 700 Procerstesnipement Prapare magnet t prepsration area before sipmert W - Loamched, Watlng 160012024 EVI.COE  MIESTEP  EVTDESO EVLSTATUSLDESC WA [s . Chack PS } o [ oy e ][ Stgnature for GSUALL: [ o Signature Required ]
Prepare Magnet mechanically and ekectrically 8t DIEDaraTion s 16-0ct-2024 34013980 560 DOpen jumper and cut internal cryo lnes. RW - Launched, Walting
sk magn Checkiit: Sign o Signature Required
S e e LOACI i) TR 34013982 600 SN BRECOval fof TENERGNT 10 DIEDArETion afed RW - Launched, Waiting
e Teprr— o o Watting 16:0ct:2024 ' - Pt ramgest vy ltimtn Checklist: Responsibilities: ‘Signature for GSLALL: Mo Signature Required
uoves 60 Viows magnit 1o praparation area ans ramovfest R - Loamchad, Wating o1 GsRALL| - -0
Pregars magnst s repsraticn ares sher W -Loanched, Waning 160012024
MagnetsLocation Prapars concres biocks & baech i1 sdvance T Gomplated, Torning  16:0ct.2024 4013086 640 Prepare magnet mechanically and slectrically  preparaticn area RO - Laanched, Wailing

Unload magne, nspect npack T Completed, Tormind 160612024 w3 660 Pack magnat R - Loanched,Waing
Cay out slecrical teste T Completod Torming 160212024 wptve 60 S0 appeoualfor st 1 FAR [re—— 420 - Putin place and slign magnectic messurement system
g approva for ranaport 1 st banch T Completod Tormine 160642024 o i e
> T - Louncheed, Wait 160612024 . Put in place magnectic measurement WMNHE ‘signature for FAIR-FSU:
v Kt 10 Wl LA SR 013ME 20 Prepare concrete blocks & bench in advance. T- Completed, Terming 5 system FAIR-+ nz|wusu - - - -

" g rine 160012024
Mk MageT 1o barch T-Complasad Tanaint B 01947 A0 Unlisad magnet, inspect, unpack. T- Completed, Termind mmun su,-m-uman
Conrect magret (o test bench RN - Launched, Watting  16:0c1:2024 10 - Align magnetic messurement system

e 60 [ p—r— T-Compieea, Tarming e meg AR | AR5 1

Prepare magnet mecharically T Completed Terming  16.0ct2024 e

e —_— — Mot 80 S approualfo ranspert o 1ot sanch T-Compiowg Torming @  Sign while magnetic measurament system w.. G mwm
e remr Tz | |G . [i-smmerme oy
Confirm absence of big leak T-Completed Terming  16-0ct2024
Cany out ressure sk tet of umper cryogenic lines (uimper open) T Completed T 16012024
Pup vecuum T Completed Terming  16.0ct2024

v v smosvz : 430 - Carry out magnetic measurements
Catry out exenal s e sk et (et ciased) T-Completed Terming  16-0c12024
Prepars magnst isctncally dators col st T- Completed, Taming 160612024
Checklist: lithes: for GSI-MM: Neo.
|:| e e e I er— el | 9 |

EAM Light (15.23.1) S8 SUGRNGOMN.CH
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Test organization

Quality Control

Use of formatted test reports and non conformity reports in the Engineering and Equipment Data Management Service (EDMS),
(https://ledms.cern.ch/)

EDMS to gather all files from Factory Acceptance Test and Site Acceptance Test

Proper tracking of the magnet service life
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