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Introduction

Worldwide Large Scale Heavy lon Facilities

-- Existing Facility
-- New Facility

HIAF IMP U35* 700 epA/CW SPIRAL2 Ar12* 1 emA/ CW J-Lab JLEIC Pb3%* >500 euA/pulsed
& 1750 euA/Pulsed Bi%0* 1 emA/CW
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% Introduction

ECRIS Beam intensity evolution
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% SC-Magnet Development for 34 G. ECRIS

B ECRIS performance not
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B9 SC-Magnet Development for 3 G. ECRIS
Sextupole Coils Sextupole Coils

Conventional Structure Reversed Structure

SERSE INFN/Catania B SECRAL IMP/Lanzhou
VENUS LBNL B SECRAL Il IMP/Lanzhou
SuSl NSCL/MSU
SCECRIS RIKEN

FRIB SCECR FRIB/MSU
RAON SCECR RISP

Busan SCECR KBSI/Busan
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% SC-Magnet Development for 34 G. ECRIS

Conventional structure

Solenoid

Sextupole

« Complicated EM forces and stresses

« Sophisticated installation fixture,

tooling and clamping structure

Courtesy of C. LyI’IEiS . Bulky magnet and hlgh cost

Exaggerated displacement for illustration

(X 100) - High radial field efficiency
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% SC-Magnet Development for 34 G. ECRIS

Conventional structure SC-ECRISs
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% SC-Magnet Development for 319 G. ECRIS

Reversed structure

Solenoid

Sextupole

Al clamping
Sextupole Coil

Solenoid « Lower/simpler interaction forces

- [Easier tooling and clamping structure

- Compact magnet and lower cost

Y- VECTOR FIELDS

SECRAL magnet structure - Lower radial field efficiency
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% SC-Magnet Development for 34 G. ECRIS
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See Tue-Af-Orl6-04 by Tongjun Yang
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% SC-Magnet Development for 34 G. ECRIS

Sextupole Coil

Can we

improve it?
Solenoiu

Sextupole coil ends havin
solenoidal components

O Lower field efficiency -~
S
O Higher end forces betweer‘xtlole coils and

solenoids
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% SC-Magnet Development for 34 G. ECRIS

/m Tri-segmented ClOSEd-LOOp COII (CLC) structure

Solenoid 1 ! Use a hexagonal plasma chamber
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% SC-Magnet Development for 34 G. ECRIS

CLC structure
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Closed-loop-coil with Cu wire finished

Closed-loop-coil after potting with
on the winding fixture

epoxy

Proof of principle completed with Cu wire
« Winding and potting

* Field mapping

Challengeable aspects

« Hexagonal inner bore cryogenic system
« Hexagonal plasma chamber

’ Mag net assem bly Intense R&D work in LBNL led by Dr. D. Xie
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% SC-Magnet Development for 34 G. ECRIS

Canted Cosine Theta (CCT) Design

cot (a) (;_)n_l sin (n@)

B...
B” _ Kolo n—1
ot | = Hw | cot () ( r) cos (n0)
Bzi ai
2(-1)°
Each CCT module
« Pure sextupole field
- Solenoidal field
. Reference:
Extra SOIenOIdS ® D.l. Meyer, and R. Flasck, Nucl. Instrum. Meth.,
. . . . pp. 339-341, 1970.
« Mirror field conflguratlon ® S. Caspi, et al., IEEE Trans. Appl. Supercond, Vol.

17, part 2, pp. 2266-2269, 2007.

*  Flexible tuning for ECR operation ® Brouwer, Lucas Nathan, ProQuest Dissertations
And Theses; Thesis (Ph.D.)--University of

California, Berkeley, 2015
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% SC-Magnet Development for 34 G. ECRIS

Canted Cosine Theta (CCT) Design
solenoids 4

AXIAL FIELD (T)

-1 __.__..__.________.__..__.___\_\ ___________ /_S_ ]
~ From solenoids

0 200 400 600 800 1000
Z AXIS (MM)

Axial field@r=0 mm

* 4 modules + 3 solenoids

e 1 module= 24 turns

RADIAL FIELD (T)

« 2inner modules = solenoidal field +

pure sextupole field

« 2 outer modules = pure sextupole field

Sextupole field@r=63 mm
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% SC-Magnet Development for 34 G. ECRIS

Comparison of the 4 designs for a 28 GHz ECRIS

Key Para. Conventional Reversed CLC CCT
Frequency (GHz) 28 28 28 28
Warm bore (mm) 170 142 >160 >140

B,/Binj/Bex: (T) 2.0/4.0/2.8 2.0/3.7/2.2 2.2/4.1/3.0 2.0/4.0/2.2
Mirror Length (mm) 500 420 420 500
Max. Je (A/mm?) 200 255 270 625
Stored Energy (kJ) 760 700 <1000
#Wire length (km) 38.6 34.2
#Loading Factor 87% 91%
Engineering Difficulty High Medium Very high

*Based on WST 1.20X0.75 mm?2 NbTi wire
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% SC-Magnet Development for 4" G. ECRIS

General Parameters of A 45 GHz 4t G. ECRIS Magnet

State of the

Specs. Unit art ECRIS FECR
frequency GHz 24-28 45
Becr T 0.86~1.0 1.6
B..q T 1.8~2.2 >3.2
Bin; T 3.4~4.0 >6.4
B, T 0.5~0.7 0.5~1.1
B T 1.8~2.2 >3.4
Warmbore ID mm 120~170 >160
Mirror Length mm 420~500 ~500
Cooling W 0~6.0 >10.0

Capacity@4.2 K

L. Sun, MT25, Amsterdam 19



% SC-Magnet Development for 4" G. ECRIS

Options for 4t G. ECRIS

Issues Conventional EVE loffe-bar CCT
Frequency <50 GHz <42 GHz >56 GHz <50 GHz
Wire Nb,Sn Nb,Sn Nb;Sn+NbTi NbsSn
Insufficient fields Not technically
Coil fabrication
Coil fabrication verified Not technically
Challenges | Quench protection
Quench protection Cryogenic system verified

Clamping, assembly
Clamping, assembly complexity

Stored
1.7 MJ 1.7 MJ 0.8 MJ ~2.0 MJ
Energy
Feasibility v X X X

L. Sun, MT25, Amsterdam 20



% SC-Magnet Development for 4" G. ECRIS

Magnetic Structure Design of FECR

Iron Yoke Iron Pad Iron core

oy,

Sextupole Coil

Iron Master

Vacuum shield

A [ )
2
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% SC-Magnet Development for 4" G. ECRIS

Bladder & Keys assembly (Qf;ﬁLGiﬁg[’eZ)\/
YOKE-SHELL %

ALIGNMENT PINS

MASTER-KEY
PLATES
SOLENOID
STRUCTUR
E

SUBASSEM
COIL-PACK BLY

SUBASSEMBLY

AXIAL-LOAD
END PLATE
SUBASSEMBLYS

COIL END
BLOCKS

YOKES  SHELL-YOKE
SUBASSEMBLY
(Shell is strain gauged)

LOAD-KEYS
BLADDER
SUBASSEMBLY

COLLARS
SEXTUPOLE

T COILS

See Mon-Af-P01.01-09 [09] by M. Juchno
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% SC-Magnet Development for 4" G. ECRIS

Challenges in the magnet development

Coil fabrication
* Nb3;Sn wire winding
e curing with precise configuration
 Large number of current leads
Integration*
* Precise fabrication and assembly
 Tolerance control
Quench protection?

* Uni-strand wire design
 Quench detection and protection for 10 coils system

*See Mon-Af-P01.01-09 [09] by M. Juchno
#See Thu-Af-P04.09-03 [140] by E. Ravaioli
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% SC-Magnet Development for 4" G. ECRIS

Sextupole Coil
Prototyping

L. Sun, MT25, Amsterdam 24



% SC-Magnet Development for 4" G. ECRIS

Explore higher field reliable
sextupole magnet...

® Feasibility of HTS materials in ECR

sextupole magnet
— BIi2212 wires
— REBCO tapes/cable

® Conductor:

— Stronger Bi2212 wire
— Quasi-isotropic YBCO cable

® Coill:
€ Race track, saddle, CCT,... ?

€ Mechanical support
€ Quench protection

REBCO: Superpower
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B9 Conclusion

€ Superconducting magnet community has
provided strong support for ECR ion source
technology development

€ ECRIS community still needs more robust and
economical SC-magnet for high performance
sources

€ 41 G. ECRIS development is unique in the state of
the art SC-magnet technologies
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