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%% Introduction: HIAF Needs

HIAF: High Intensity heavy-ion Accelerator Facility
2018~2025
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%% Introduction: HIAF Needs

HCI Sources: Solutions to HCl injectors
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Introduction: Status of SC-ECRISs

About 10 in operation
More to come:
« 28 GHz SECRAL-IV@IMP

+ 28 GHz ASTERICS@GANIL
« 28 GHz SC-ECRIS@JINR
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Introduction: Status of SC-ECRISs
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Gas/material

Plasma chamber

Introduction: Status of SC-ECRISs

Min-B Magnet

Higher charge state + higher |, =
Higher  + Higher B + Bigger plasma volume (V)

——— —
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% Introduction: FECR

Specs. Unit 3" G ECRIS 4t G ECRIS FECR
frequency GHz 24-28 40~56 45
Operational RF Power KW 4~10 10~40 20
Becr T 0.86~1.0 1.4~2.0 1.6
B..q T 1.8~2.2 2.8~4.0 >3.2
Biy; T 3.4~4.0 5.6~8.0 >6.4
B T 0.5~0.7 / 0.5~1.1
Byt T 1.8~2.2 3.0~4.5 >3.4
B, IN conductor T ~7.0 >10.0 11.8
Plasma Chamber ID mm 100~150 >100 >140
Mirror Length mm 420~500 >500 500
Cooling Capacity@4.2 K W 0~6.0 >10.0 >10.0
(1993—2003-- ) (2007-- 2? )
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Introduction: FECR

[
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Iron Pad

Sextupole ID=200mm, L=857 mm

Solenoids ID=336mm, OD=430 mm

Coldmass Structure

Peak field: 11.8 T, Stored energy: 1.6 MJ Magnet Structure
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Introduction: FECR
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Introduction: FECR

The magnet mechanical structure was designed by ASTAL oD oy
collaboration with ATAP magnet group at LBNL as of 2017 (Strain GaugescN
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This Nb;Sn magnet is being built by a Chinese company without collaboration
_! gs with ATAP/LBNL. DOE did not approve such collaboration.
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% Introduction: FECR

2015.07~2018.12

1.Prototyping colls { 2.Key components and tech. g(

!

Load Pads3 Load Pads2 Load Padsl

York-shell

York-shell sub-assembly
‘ork-she
N\

sub-assembly

Extraction
Solenoid coil
sub-assembly
with load-pads

xial-loa
\ p ,;"“// Masters & Load-keys

—
—
—
a -~ \
()4 - TR Gt \ ) ‘o
® === Injection s
® i /B
4 ollars b
®
° Sextupole coils
®

Injection s :
4. FECR coldmass full assembly { 3. Y2-length prototype r—'
(2021.10-2023.09) (2017.11-2021.12)

2025 L. Sun, ICIS’25, Oxford  12/27

OXFORD




Introduction: FECR
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® Intense Flux Jump (FJ)Pterference:

Introduction: FECR

Stress on Wire: Improper handling and failing to protect the colil leads

challenging in fast quench detection

2
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Introduction: Hybrid FECR

Hybrid coils:
B NDbTi sextupole + Nb;Sn solenoids
B Intense FJ mitigation

B Assembly test

B Operation safe

u-assembl coI mass
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%% Introduction: FECR

FECR Magnet Training
100%

In Cryostat _a

85%

In Test Dewar

80%

75%

Quench Percentage

70%

65%

Several quenches reach design goal

0 1 2 3 4 5 6
Quench No.

FECR with Nb;Sn+NDbTi coils:
€ Nb;Sn Coils development

60%

€ High precision assembly

€ Successful operation against Flux Jumps
€ Quench protection strategy
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FECR 15t Plasma and Perspectives

FECR

Microwave (GHz) 45 + 28 45 + 28
uW Power (kW) 20+10 20+ 5

Dynamic cooling
capacity@4.2 K (W)

>10 ~4.5

Axial: 6.4/3.4 Axial: 4.5/2.6
B=3.2T B=27T

Operation voltage 30 kV 25 kv

Mirror peak fields (T)

28 GHz
Oversized WG
_ FECR

1

‘ Micro-channel Conventional Movable Extraction
igplasma chamber Injection setup electrodes

=

Quasi-optical
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FECR 15t Plasma and Perspectives: Cryogenics
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FECR
Chamberl

FECR 15t Plasma and Perspectives: HP Chamber

SECRAL-II
Chamxber

== n
,ﬁ 8
, !

Key Parameters FECR SECRAL-]
Chamber Chamber
Max. Microwave Power 25 kW 12 kW
Max. Localized Power Density 20 MW/m? 10 MW/m?
Chamber ID @140 mm @125 mm
Chamber OD @156 mm (@136 mm
Length 1225 mm 887 mm
Microchannel region 15%15.6x1.5 mm3 15%15.6x1.0 mm3
Fins 0.4 mmx19 0.4 mmx19
Channel 0.4 mmx20 0.4 mmx20
Inside-wall thickness 1.5 mm 1.5 mm
Outside-wall thickness 1.5 mm 1.5 mm
Water pressure 10 bar 8.9 bar
Water flow per channel > 15L/m > 4.0 L/m
Total water flow > 50 L/m > 13 L/m
Max. flow velocity (m/s) 10~20 10~20
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%% FECR 1st Plasma and Perspectives: uW System

GyCOM: 45 GHz/20 kW CPI: 28GHz/10 kW

>90% 50~55%
transmission transmission

HIGH
VOLTAGE
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FECR 1st Plasma and Perspectives: Us3°>*

1st test with uranium beam
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€ Reasonable beam intensity produced
& Power efficiency not promising
€ 45 GHz as a 2"d ECRH frequency
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%% FECR 1st Plasma and Perspectives: Bi35*
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FECR 15t Plasma and Perspectives: 33 GHz

GyCOM: 45 GHz/20 kW GyCOM: 33 GHz/10 kW

78%
>90% transmission
transmission

HIGH
VOLTAGE
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FECR 15t Plasma and Perspectives: 33 GHz
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Status

Nb,;Sn coils tested to
70l Its operation currents
Nb,;Sn sextupole OK
Structure reliability OK
Assembly process
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FECR 15t Plasma and Perspectives
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sy

B Prototype of the 4" generation ECRIS has been made with FECR,
and typical challenges have been tackled

B First plasma with FECR has been obtained

B More work needs to be done to understand the ECR plasma at
higher frequencies

B The high field FECR or HFECR is on the way, and likely be ready
for 45 GHz operation in 2026

» Quench protection

» Microwave heating efficiency
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