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● MARS-D team
○ Nuclear Science Division

■ Janilee Benitez
■ Daniel Xie
■ Damon Todd
■ Lianrong Xu
■ Jaime Cruz Duran
■ Larry Phair
■ Technicians in 88” cyclotron

○ BCMT
■ Paolo Ferracin
■ Mariusz Juchno
■ Ye Yang
■ Jose Ferradas Troitino
■ Tengming Shen
■ Jim Swanson
■ Matt Reynolds
■ SMP Materials team

● Nb3Sn FRIB team
○ FRIB team

○ BCMT

■ Tengming Shen

■ Ray Hafalia

■ Mariusz Juchno

■ Ye Yang

■ Jose Ferradas Troitino

■ Soren, Paolo

■ SMP Materials team

ECR magnets and teams
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● SMP Materials Seminar
○ Organized by Ian Pong

● Damon Todd
○ Superconducting ECR ion sources: 

where things stand and how to move 

forward

● Indico link:
○ https://conferences.lbl.gov/event/905/

● Recording
○ Contact Ian Pong

Past seminar 

https://conferences.lbl.gov/event/905/
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Sextupole-in-Solenoids

● VENUS, FRIB, FECR

● Efficient radial field 

generation

● Fairly large solenoids

● Complex Lorentz forces

● Longer sextupole coils 

can reduce Lorentz 

forces

Solenoids-in-Sextupole
● SECRAL
● Small and efficient 

solenoids
● Sextupoles in the low 

field solenoid zone
● Inefficient sextupole 

generation
● Simpler clamping 

support can be used

Mixed Axial and Radial System
● MARS-D
● Close-loop coil provides 

radial and solenoid field
● Simpler solenoid system
● Simpler Lorentz force 

distribution
● Higher field in hexagon 

“corners”
● Compact
● Complex and labor-intensive 

winding

ECR Coil Configurations
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Future 45 GHz ECR ion source magnets

FECR and MARS
Nb3Sn FECR NbTi MARS
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Future 45 GHz ECR ion source magnets

FECR and MARS
Nb3Sn FECR NbTi MARS
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Magnetic field of a 45 GHz ECR magnet

FECR and MARS
Nb3Sn FECR NbTi MARS
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Magnetic Forces FECR 45 GHz
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Magnetic forces MARS-D

9
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Design of other ECR magnets

NbTi FRIB

Venus56
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FECR 45 GHz

IMP (Lanzhou, China)

L. Sun, et. al. “FECR ION SOURCE 

DEVELOPMENT AND CHALLENGES”
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MARS-D 45 GHz

Aluminum shell

Iron yoke and pad

Axial rod

Axial clamp 

(magnetic/structural)

Injection solenoid 

Aluminum spool

Solenoid mandrel

Solenoids

Sextupole

(Closed loop coil)

Iron pole

Pole tip



Mariusz Juchno                                                    SMP Technical Seminar, August 22, 2023 13

Mechanical models

Nb3Sn FECR NbTi MARS
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Stress in the superconductor

Nb3Sn FECR NbTi MARS
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MARS Winding
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● 52 turns per layer

● 2 weeks per layer

● 24 layers in total

● Up to 12 months for winding

MARS Winding
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Nb3Sn FECR

● Brittle superconductor

● Wind and react process

● Conductor efficiency (and price)

● Stored energy

NbTi MARS

● Low current and temperature 

margins

● Mutual inductance and quench 

protection

● Winding

Tradeoffs
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● Material
○ HTS – higher field, higher temperature margin, no requirement on the field quality

● Conductor
○ Tape or cable vs wire

● Stress Management
○ SM-MARS or CCT

● Support Structure
○ Bladder and key

Future?

18
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Thank you!
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