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Super-FRS: Magnet design principles 

 Large acceptance  → large aperture 

 Superferric (magnetic field shaped by iron yoke) 

 Cooling by LHe bath (dipoles 60 l; Multiplets 1600 l) 

 Individually powered magnets → max.operation current < 300 A         

→ high inductivity           

 Different setting should be adjustable in reasonable time 

     → ability for 3 consecutive triangular cycles with tr=120 sec. 

 Common cryo-system with SIS100 and avoiding loss of Helium 

     → 20 bar design pressure 

 Quench Protection Scheme: 

main dipoles and quads: energy extraction resistor 

steering dipoles, sextupoles & octupoles: self-protecting 

 Warm beam pipe 
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Super-FRS Multiplets 

≈25 ton 

≈60 ton 
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Super-FRS Multiplets: Magnet parameters 

Arranged in 32 Multiplets* (2-9 magnets) 

  
Quadrupole 

Type 3 

Quadrupole 

Type 4 
Sextupole Steerer 

Number of Magnets 46 34 41 14 (13v/1h) 

Effective length 0.8 m 1.2 m 0.5 m 0.5 m 

Gradient/ Field Range 1.0-10 T/m 1.0-10 T/m 4-40 T/m2 0-0.2 T 

Field Quality 
(<0.8 gmax) ±1·10-3  

(>0.8 gmax) ±6·10-3 

±1·10-3 

±6·10-3 
±5·10-3   

Usable aperture Ø 380 mm Ø 380 mm Ø 380 mm Ø 380 mm 

Inductance 30 H  43 H 1.04 H 0.067 H 

Nominal max, current 300 A 300 A 291 A 280 A 

Stored Energy 670 kJ 950 kJ 37 kJ 2.6 kJ 

In quadrupoles type 3 an octupole magnet with gradient 105 T/m³ is embedded 

* including 2 spares 
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Super-FRS Multiplets: Configurations 

Magnet Multiplet

sextupole short quadrupole

sextupole 

or steering 

dipole 

long quadrupole

sextupole 

or steering 

dipole 

short quadrupole sextupole 

ID Number effective length (m) 0.5 0.25 0.8 0.25 0.5 0.25 1.2 0.25 0.5 0.25 0.8 0.25 0.5

High Energy Branch

FPF2YMQ11 name of magnet FPF2KS12 FPF2QT11

PSP number 2.4.2.3.2 2.4.2.2.3

position of center, x 23.0634 23.8182

position of center, y -5.82455 0.9 -6.31475

embedded octupole FO2 FPF2KO11  

PSP number 2.4.2.3.5

FPF2YMQ12 name of magnet FPF2KS13 FPF2QT12

PSP number 2.4.2.3.2 2.4.2.2.4

position of center x 25.66325 26.5858

position of center y -7.51295 1.1 -8.11205

FPF2YMQ13 name of magnet FPF2QT13 FPF2KS14

PSP number 2.4.2.2.4 2.4.2.3.2

position of center x 29.1857 30.10825

position of center y -9.8004 1.1 -10.39955

FPF3YMQ11 name of magnet FPF3KS11 FPF3QT11

PSP number 2.4.2.3.2 2.4.2.2.4

position of center x 34.80475 35.7273

position of center y -13.4495 1.1 -14.0486

FPF3YMQ12 name of magnet FPF3QT12 FPF3KS12

PSP number 2.4.2.2.4 2.4.2.3.2

position of center x 38.3272 39.24975

position of center y -15.7370 1.1 -16.3361

FPF3YMQ13 name of magnet FPF3QT13 FPF3KS13

PSP number 2.4.2.2.3 2.4.2.3.2

position of center x 41.0948 41.8496

position of center y -17.5343 0.9 -18.02445

embedded octupole FPF3KO13

PSP number 2.4.2.3.5

FPF4YMQ11 name of magnet FPF4KS11 FPF4QT11 FPF4KV11 FPF4QT12 FPF4QT13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.4.1 2.4.2.2.4 2.4.2.2.3

position of center x 53.0245 53.3905 53.75658 54 55.0175

position of center y -29.5342 0.9 -30.3564 0.9 -31.17860 1.1 -32.1835 2.00 -34.0106

embedded octupole FPF4KO11 FPF4KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FMF1YMQ11 name of magnet FMF1QT11 FMF1QT12 FMF1QT13 FMF1KS11

PSP number 2.4.2.2.3 2.4.2.2.4 2.4.2.2.3 2.4.2.3.2

position of center x 57.7833 58.59675 59.4102 59.7763

position of center y -40.2227 2.00 -42.0498 2.00 -43.8769 0.9 -44.69905

embedded octupole FMF1KO11 FMF1KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FMF1YMQ21 name of magnet FMF1KS21 FMF1QT21 FMF1QT22 FMF1KS22 FMF1QT23 FMF1KS23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.2.4 2.4.2.3.2 2.4.2.2.3 2.4.2.3.2

position of center x 61.411 61.3287 61.1457 61.045 60.9627 60.8803

position of center y -54.60045 0.9 -55.4967 2.00 -57.4883 1.1 -58.58365 0.9 -59.4799 0.9 -60.37615

embedded octupole FMF1KO21 FMF1KO23

PSP number 2.4.2.3.5 2.4.2.3.5

FMF2YMQ11 name of magnet FMF2QT11 FMF2KS11 FMF2QT12 FMF2KV11 FMF2QT13 FMF2KS12

PSP number 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.4.1 2.4.2.2.3 2.4.2.3.2

position of center x 60.4503 60.3679 60.2673 60.16665 60.08425 60.0019

position of center y -65.0564 0.9 -65.95265 1.1 -67.048 1.1 -68.1434 0.9 -69.03965 0.9 -69.93585

embedded octupole FMF2KO11 FMF2K013

PSP number 2.4.2.3.5 2.4.2.3.5

FMF2YMQ21 name of magnet FMF2KS21 FMF2QT21 FMF2KV21 FMF2QT22 FMF2KS22 FMF2QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.4.1 2.4.2.2.4 2.4.2.3.2 2.4.2.2.3

position of center x 61.6366 62.0027 62.36875 62.81615 63.2636 63.6296

position of center y -79.83725 0.9 -80.65945 0.9 -81.48165 1.1 -82.48655 1.1 -83.49145 0.9 -84.31365

embedded octupole FMF2KO21 FMF2KO23

PSP number 2.4.2.3.5 2.4.2.3.5

FMF3YMQ11 name of magnet FMF3QT11 FMF3KS11 FMF3QT12 FMF3QT13 FMF3KS12

PSP number 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.2.3 2.4.2.3.2

position of center x 66.3954 66.7615 67.20895 68.0224 68.38845

position of center y -90.52575 0.9 -91.3479 1.1 -92.35285 2.00 -94.1799 0.9 -95.0021

embedded octupole FMF3KO11 FMF3KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FMF3YMQ21 name of magnet FMF3KS21 FMF3QT21 FMF3QT22 FMF3KS22 FMF3QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.2.4 2.4.2.3.2 2.4.2.2.3

position of center x 74.6528 75.3739 76.97645 77.8578 78.5789

position of center y -102.8423 0.9 -103.38075 2.00 -104.5774 1.1 -105.2356 0.9 -105.77405

embedded octupole FMF3KO21 FMF3KO23

PSP number 2.4.2.3.5 2.4.2.3.5

FHF1YMQ11 name of magnet FHF1KS11 FHF1QT11 FHF1KS12 FHF1QT12 FHF1KV11 FHF1QT13 FHF1KS13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.4.1 2.4.2.2.3 2.4.2.3.2

position of center x 82.3448 83.06595 83.7871 84.66845 85.54985 86.271 86.9921

position of center y -108.5862 0.9 -109.1247 0.9 -109.6632 1.1 -110.3213 1.1 -110.9796 0.9 -111.518 0.9 -112.0565

embedded octupole FHF1KO11 FHF1KO13

PSP number 2.4.2.3.5 2.4.2.3.5

Magnet Multiplet

ID Number

magnet 1 distance magnet 2 distance magnet 3 distance magnet 4

Fine Focusing 

System (before 

target)

TFF1YMQ04 type of magnet steering magnet

long multiplet 

quadrupole

long multiplet 

quadrupole steering magnet

name of magnet TFF1KH02 TFF1QS04 TFF1QS05  TFF1KV02

PSP number 2.4.2.4.1 2.3.2.2.8 2.3.2.2.8 2.4.2.4.1

effective length 0.5 m 0.3 m 1.2 m 0.4 m 1.2 m 0.4 m 0.5 m

position of center x -20.25 -19.00 -17.40 -16.15

position of center y 0.00 1.25 m 0.00 1.60 m 0.00 1.25 m 0.00

TFF1YMQ06 type of magnet

long multiplet 

quadrupole

long multiplet 

quadrupole

long multiplet 

quadrupole

name of magnet TFF1QS06 TFF1QS07 TFF1QS08

PSP number 2.3.2.2.8 2.3.2.2.8 2.3.2.2.8

effective length 1.2 m 0.4 m 1.2 m 0.4 m 1.2 m

position of center x -13.70 -12.10 -10.50

position of center y 0.00 1.60 m 0.00 1.60 m 0.00

TFF1YMQ09 type of magnet

long multiplet 

quadrupole

long multiplet 

quadrupole

long multiplet 

quadrupole

name of magnet TFF1QS09 TFF1QS10 TFF1QS11

PSP number 2.3.2.2.8 2.3.2.2.8 2.3.2.2.8

effective length 1.2 m 0.4 m 1.2 m 0.4 m 1.2 m

position of center x -5.80 -4.20 -2.60

position of center y 0.00 1.60 m 0.00 1.60 m 0.00

High Energy Branch

FPF3YMK14 type of magnet steering magnet

multiplet 

sextupole

name of magnet FPF3KV11 FPF3KS14

PSP number 2.4.2.4.1 2.4.2.3.2

effective length 0.5 m 0.5 m 0.5 m

position of center x 42.9399 43.77855

position of center y -18.7325 1.00 m -19.27715

Energy Buncher

FLF4YMQ11 type of magnet

short multiplet 

quadrupole

short multiplet 

quadrupole

name of magnet FLF4QT11 FLF4QT12

PSP number 2.4.2.2.5 2.4.2.2.5

effective length 0.8 m 0.25 m 0.8 m

position of center x 140.9308 141.97185

position of center y -134.23145 1.05 m -134.3685

embedded octupole FLF4KO11 FLF4KO12

PSP number 2.4.2.3.6 2.4.2.3.6

Magnet Multiplet

sextupole short quadrupole

sextupole 

or steering 

dipole 

long quadrupole

sextupole 

or steering 

dipole 

short quadrupole sextupole 

ID Number effective length (m) 0.5 0.25 0.8 0.25 0.5 0.25 1.2 0.25 0.5 0.25 0.8 0.25 0.5

FHF1YMQ21 name of magnet FHF1KS21 FHF1QT21 FHF1KV21 FHF1QT22 FHF1QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.4.1 2.4.2.2.4 2.4.2.2.3

position of center x 93.2564 93.6225 93.98855 94.43595 95.2494

position of center y -119.89665 0.9 -120.71885 0.9 -121.54105 1.1 -122.54595 2.00 -124.373

embedded octupole FHF1KO21 FHF1KO23

PSP number 2.4.2.3.5 2.4.2.3.5

Ring Branch

FRF1YMQ11 name of magnet FRF1KS11 FRF1QT11 FRF1QT12 FRF1KS12 FRF1QT13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.2.4 2.4.2.3.2 2.4.2.2.3

position of center x 72.4558 72.8219 73.63535 74.0828 74.4488

position of center y -104.1376 0.9 -104.95975 2.00 -106.78685 1.1 -107.79175 0.9 -108.61395

embedded octupole FRF1KO11 FRF1KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FRF2YMQ11 name of magnet FRF2QT11 FRF2KS11 FRF2QT12 FRF2QT13 FRF2KS12

PSP number 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.2.3 2.4.2.3.2

position of center x 77.2146 77.5807 78.02815 78.8416 79.20765

position of center y -114.82605 0.9 -115.64825 1.1 -116.65315 2.00 -118.4802 0.9 -119.3024

embedded octupole FRF2KO11 FRF2KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FRF2YMQ21 name of magnet FRF2KS21 FRF2QT21 FRF2QT22 FRF2KS22 FRF2QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.2.4 2.4.2.3.2 2.4.2.2.3

position of center x 80.8424 80.76 80.577 80.47635 80.394

position of center y -129.20385 0.9 -130.10005 2.00 -132.09165 1.1 -133.18705 0.9 -134.0833

embedded octupole FRF2KO21 FRF2KO23

PSP number 2.4.2.3.5 2.4.2.3.5

FRF3YMQ11 name of magnet FRF3KS11 FRF3QT11 FRF3KS12 FQ4 FRF3QT12 FRF3KV11 FRF3QT13 FRF3KS13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.4.1 2.4.2.2.3 2.4.2.3.2

position of center x 79.96395 79.8816 79.79925 79.6986 79.59795 79.5156 79.43325

position of center y -138.76355 0.9 -139.6598 0.9 -140.556 1.1 -141.6514 1.1 -142.7468 0.9 -143.643 0.9 -144.53925

embedded octupole FRF3KO11 FRF3KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FRF3YMQ21 name of magnet FRF3KS21 FRF3QT21 FRF3KV21 FRF3QT22 FRF3QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.4.1 2.4.2.2.4 2.4.2.2.3

position of center x 81.0680 81.434 81.80010 82.24755 83.061

position of center y -154.4406 0.9 -155.2628 0.9 -156.08500 1.1 -157.0899 2.00 -158.917

embedded octupole FRF3KO21 FO2 FRF3KO23

PSP number 2.4.2.3.5 2.4.2.3.5

Low Energy Branch

FLF1YMQ11 name of magnet FLF1KS11 FLF1QT11 FLF1QT12 FLF1QT13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.2.4 2.4.2.2.3

position of center x 95.0046 95.7258 97.32825 98.9308

position of center y -118.03975 0.9 -118.57825 2.00 -119.7749 2.00 -120.97155

embedded octupole FLF1KO11 FLF1KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FLF2YMQ11 name of magnet FLF2KS11 FQ3 FLF2QT11 FLF2KS12 FLF2QT12 FLF2KV11 FLF2QT13 FLF2KS13

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.4.1 2.4.2.2.3 2.4.2.3.2

position of center x 102.69670 103.4178 104.1389 105.02035 105.9017 106.6228 107.34395

position of center y -123.78365 0.9 -124.32215 0.9 -124.86065 1.1 -125.5188 1.1 -126.17695 0.9 -126.71545 0.9 -127.2539

alternative name FLF2KO11 FO2 FLF2KO13

PSP number 2.4.2.3.5 2.4.2.3.5

FLF2YMQ21 name of magnet FLF2KS21 FLF2QT21 FLF2KV21 FLF2QT22 FLF2QT23

PSP number 2.4.2.3.2 2.4.2.2.3 2.4.2.4.1 2.4.2.2.4 2.4.2.2.3

position of center x 116.64045 117.5327 118.425 119.5156 121.4985

position of center y -131.03355 0.9 -131.151 0.9 -131.2685 1.1 -131.4121 2.00 -131.67315

embedded octupole FLF2KO21 FLF2KO23

PSP number 2.4.2.3.5 2.4.2.3.5

Energy Buncher

FLF3YMQ11 name of magnet FLF3QT11 FLF3QT12 FLF3QT13

PSP number 2.4.2.2.5 2.4.2.2.6 2.4.2.2.5

position of center x 128.2403 130.2232 132.2061

position of center y -132.5607 2.00 -132.8218 2.00 -133.0828

embedded octupole FLF3KO11 FLF3KO13

PSP number 2.4.2.3.6 2.4.2.3.6

HEBT after Ring 

Branch

FRF4YMQ01 name of magnet FRF4QS01 FRF4QS02 FRF4QS03

PSP number 2.3.2.2.7 2.3.2.2.8 2.3.2.2.7

position of center

in R3B after High 

Energy Branch

FHF2YMQ11 name of magnet FHF2QT11 FHF2QT12 FHF2KV11 FHF2QT13

1.2.5.1.1.1 PSP number

position of center

embedded octupole FHF2KO11 FHF2KO13

PSP number

Spare Multiplets

short Multiplet name of magnet

PSP number 2.4.2.3.2 2.4.2.2.4

position of center, x

position of center, y 1.1

long Multiplet name of magnet

PSP number 2.4.2.2.3 2.4.2.3.2 2.4.2.2.4 2.4.2.4.1 2.4.2.2.3

position of center x

position of center y 0.9 1.1 0.9 1.1

embedded octupole

PSP number 2.4.2.3.5 2.4.2.3.5

Yellow: Quadrupole 

red: Sextupole 

green: Steering dipole 

blue: octupole (embedded) 
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Super-FRS Multiplets: Status 

• Contract awarded to ASG, Genova 

• First of Series short multiplet succesfully warm tested at 

factory in January 2019 

• Installed at CERN test bench ready for cool down 

• Factory acceptance test for long FoS-multiplet expected 

for January 2020     
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Super-FRS Dipoles 

≈50 ton 
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Super-FRS Dipoles: Parameters 

  Type 2 Type 3 Type 3Y 

Number of magnets 3 18 3 

Dipole field [T] 0.15-1.6 0.15-1.6 0.15-1.6 

Bending angle [°] 12,5 9,75 9,75 

Curvature radius [m] 12,5 12,5 12,5 

Effective straight length [m] 2,4 2,13 2,13 

Good field region [mm] ±190 ±190 ±190 

Pole gap height [mm] 170 170 170 

Integral field quality (relative) ±3*10-4 ±3*10-4 ±3*10-4 

Inductance 18.2 H 15 H 14 H 

Nominal max. current 246 A 246 A 279 A 

Stored Energy 550 kJ 454 kJ 563 kJ 
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Super-FRS Branched Dipole 

inclined cold to warm supports to 

cope with magnetic forces 

C-shaped cryostat  

to allow insertion of  

Y-shaped vacuum chamber 



FAIR GmbH | GSI GmbH 

Super-FRS Dipoles: Status 

 Standard dipoles: 

• Conceptual design by CEA, Saclay 

• Contract awarded to Elytt Energy, Madrid 

• Design phase finished 

• Preliminary mock-up activities ongoing 

• FAT for FoS dipole expected in Spring 2020 

 Branching dipoles: 

• Conceptual design by CEA completed 

• Tender about to start  in Q2/2019 
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Super-FRS magnets: Quench analysis 

Magnet Rd 

[] 

Rqmax 

[] 

Vqmax 

[V]  

Tmax           

[T] 

Vmax-coil to 

ground (ground 

in the middle) 

[V]  

Dipole 0 5.2 441 105 220 

2.8 1.1 90 53 ± 360 

Long quadrupole 0 17.8 2130 180 1200 

2.8 11.3 1110 137 ± 950 

example: 

long quadrupole 

without dump resistor 

only dipoles and quadrupoles have dump resistors for energy extraction 
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Super-FRS magnet cryogenics 

 Vapour cooled cooled current leads 

 Temperature sensors on 90% of length (for valve regulation) 

 Temperature sensors on warm terminal  

 Heaters on warm terminal (to prevent icing) 

 Testing of FoS shall establish proper regualtion scheme and 

allow optimization of number of valves 

 Dipole cooling by thermosiphon 

 2 independent thermosiphon cooling loops for upper and lower 

coil 

 Heaters (about 2 W) required to get constant flow 
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SIS 100 Dipole design features 
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SIS 100 Dipole status 

• Production of 109 series dipoles is 

ongoing at Bilfinger Noell  

• Series testing at GSI STF 

• good reproducibility between magnets 

• good field quality 
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SIS100 Quadrupole modules 
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SIS 100 Quadrupole modules 
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Experiments   

R3B Glad CBM 

Panda 

APPA 


