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Global needs on HCI beams
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Global needs on HCI beams
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Global needs on HCI beams

Solutions to HCI injectors
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Progresses with the 3@ G ECRISs and the challenges
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%% Progresses with the 319 G ECRISs and the challenges
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%% Progresses with the 39 G ECRISs and the challenges

< More to come:
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Progresses with the 39 G ECRISs and the challenges
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%% Progresses with the 319 G ECRISs and the challenges

Efficient microwave coupling
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Progresses with the 39 G ECRISs

Efficient microwave coupling
More flexible tuner for yW coupling: Vlasov Launcher
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Progresses with the 3'9 G ECRISs and the challenges

Efficient microwave coupling

-
-

240

— ® - Xe3l+ |—8—Beam current - 26.6
11)‘: h : : :i:igi rﬂf‘*?: maf SRS 4 26.4
=T . —~y t N
= |~ - Xe30+(single frequency) p ¥ ! - . 262 2
Eo0s ' "," * < s f &
e ‘% o ) %0 o
Eov ,’;/:1/ E 160 | zssg
o 1 - ] i @) . - .
Fosb 4 o7 o - @ Vlasov launcher is an efficient tuner to
E“s *.-“I \\ ,‘;J g 120 3
B M S TN AN 100 24 . .
y .\:,\ \J}, . microwave plasma coupling
03 Ny o
_._? 60 B 1350 - - - - - -
v W W e i o e m w w w @ YW radiation <P> distribution might be a
Vlasov position (mm) Vlasov Position (mm)
Beam intensity |, response to Average charge state<Q> response key to efficient HCI production
Vlasov launcher position to Vlasov launcher position
S —— o [ ——infomorec | 4 Recorded beam intensities production:
229 fp T 000N e Xe30+ .
9400 oot 409 >
.| Jom 2,1 18 epA Xe42+, 47 epA Xe3s+,
LT Juw €27 < P> ox<br> . 146 epA Xe34+, 374 epA Xe30+
3 140 | S gost 0.6 g
§ 120 1™ % 0.5 0.5 %
: 100 | 1™ E 0.4 | 0.4 E
8o |- 03 f 0.3
60 -X|e30|+ 1 L L 1 1 1 ™ 0.2 L L L L 1 L L 1 L L L 0.2
6 70 80 9 100 110 120 130 140 150 40 50 60 70 80 90 100 110 120 130 140 150 160
Vlasov Position (mm) Vlasov Position (mm)
|, and Bremsstrahlung counts |, and calculated average uW radiation : -
3 résponses to Vlasov launcher position <P> response consistency Xinyu Wang@Poster session on Monday
() Icis'23_T€SP P

d on lon Sources L. SU“, |C|S’23, TRIUMF 12/38



Progresses with the 3'9 G ECRISs and the challenges

Efficient Chamber Cooling

cut : 37.3<RO<37.5 mm

Chamber burnt with SECR Deteriorate the situation:
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Progresses with the 3'9 G ECRISs and the challenges

Efficient Chamber Cooling

Maximum permissible operating power exceeds 10 kW

Chamber ID:125 mm, Microchannel:0.4 mm *20, Channel height:1.5 mm, Channel flow rate: 4 L/min
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Progresses with the 3'9 G ECRISs and the challenges

Efficient Chamber Cooling
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chamber structure
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Progresses with the 3'9 G ECRISs and the challenges

B 100 AMeV (H.1.), 110 MeV (p)

SFC (K=69)

10 AMeV (H.1.), 17~35 MeV (p)

g D
= == - 4 ! e
- — T y
g o 4 .
Y - y
# b
|
R < |
N </ % i
" B
a \i ;5"‘ 0
gy N
E
f A g e (]

| ECRISs injector | "

4
i 4 Y 3
’ﬂ_ ek I o
/ o
' g g ad .r e
“a U w ’ e
- ; U a
4 9 (A ! o :
% e e - : ' 4 ) ' A i
\ N ¢ | ALET - LRl N1 R
- — ot
g VIS g J ;
\! -
\

HIRFL Operation scheme: ECR + Cyclotron + Synchrotron

(4 161523
(Lot

- Sl L. Sun, ICIS’23, TRIUMF ~ 16/38




Progresses with the 3'9 G ECRISs and the challenges

HIRFL performance enhancement
36Ar15+

SECRAL-Il: ~350 eyA (~4 times historical operation current)
« High current: SFC--8.5 AMeV/15 epA

« CSR,, Beam Current Increase by a factor of 5
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Progresses with the 3'9 G ECRISs and the challenges
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Progresses with the 3'9 G ECRISs and the challenges

High temperature inductive heating oven

IS extraction voltage: 30.8- 34.2 kV
Technical features:
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WT 218 °C
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Progresses with the 3'9 G ECRISs and the challenges

Technologies advancement with intense U beam production

=#=SECRAL-II 2019
-©~SECRAL-II 2023
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New plasma chamber
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Progresses with the 39 G ECRISs and the challenges
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Progresses with the 3'9 G ECRISs and the challenges

U SECRAL-2023 Records as of 2022 Contributors as of 2022
Charge State (epA) (epA)

SECRAL-II/IMP?

34 620 400 VENUS/LBNL?

35 547 310 VENUS/LBNL, SECRAL-II/IMP
42 100 62.6 SCECRIS/RIKEN?

46 61 36.2 SCECRIS/RIKEN

50 38 20.1 SCECRIS/RIKEN

54 19 10.4 SCECRIS/RIKEN

56 9.5 0.9 SECRAL-1I/IMP

58 2.7 0.7 SECRAL-II/IMP

1. W. Luetal., Rev. Sci. Instrum. 90, 113318 (2019)
2. J. Benitez, et al., ECRIS2012, THXO02-talk
3. T Nakagawa, Cyclotron’22, invited talk
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Progresses with the 3'9 G ECRISs and the challenges

O VENUS-2011
A ~©-AECR-U-1997

4th G ECRIS

34 G ECRIS

24 G ECRIS

Charge State
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C%; Status of FECR development

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
Bin; 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

(4 Ie1s23
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Status of FECR development
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Status of FECR development

15t Stage@50 K
e 2 21 Stage@4.2 K
Iron Yoke -

" = Vacuum iron

Copper shield

G10
Suspension

Coldmass

Warmbore

Axial Support
Rods

Radial Support Rods
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Sextupole ID=200mm, L=857 mm

Solenoids ID=336mm, OD=430 mm

Coldmass Structure Magnet Structure




Status of FECR development

The magnet mechanical structure was designed by AXIAL ROD =
collaboration with ATAP magnet group at LBNL as of 2017 (Strain GaugesoN

Bladder & Keys assembly VOKE-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

P CoILS

This Nb;Sn magnet is being built by a Chinese company without collaboration
~) IC1S'23 with ATAP/LBNL. DOE did not approve such collaboration.
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%% Status of FECR development

2015.07~2018.12
e | 3
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1.Prototyping coils 2.Key components and tech.
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4. FECR coldmass full assembly 3. ¥-length prototype
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Status of FECR development
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Status of FECR development

(A

Completed FECR coldmass
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fo:ﬂ!gn Sources L. SU“, ICIS’23, TRIUMF 30/38



Status of FECR development

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

® Intense Flux Jump (FJ) Interference: challenging in fast quench detection
(during ¥2-prototype test)

The flux jump of sextupole magnet induces yae/qver “428A BRI E A vs B R R
* 1= olt| | : : > T ] ’ .
e | ‘ ,|_Flinterferencecoversthe .
= : i . o 1280 (HBHE
e | —sraven] .|_whole ramping process ety
_Volt|
1 {——SP5_volt i S I R T T
s —sP6_volt| | s
gno.s ------------- 54
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Status of FECR development

Hybrid colls:

B NDbTi sextupole + Nb;Sn solenoids
Intense FJ mitigation

Assembly test

Operation safe

Nb,Sn Sextupole with cable in progress

u-asseblhévcﬂ:l mass
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Parameters

Operation Temp. (K)

Magnet Cooling

Stored Energy (MJ)

Required heat load (W)

Warm Bore (mm)
LHe Volume (L)

Cryocoolers

Dimension (mm)

Total weight (ton)

Status of FECR development

Key parameters of FECR Cryogenic System

Value

43K

LHe bathing and “0”
boiling-off

~1.6
>12

?162
~330

6 two-stage + 1 single
stage coolers

L1456 X #1200 X H2690

~6.1

Note

100% currents

~2 W static at
100% currents

Cold service
enabled

2

4 Icis'23

l
374

onference
lon Sources
ctona . Canad
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Status of FECR development
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%% Status of FECR development

FECR SECRAL-II
FECR Key Parameters Chamber 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 15x15.6x1.5 mm?3 15x15.6x1.0 mm?
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

(4 e
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A

B Technical advancement makes intense HCIl beams production
feasible and durable
B New records on highly charged ion beams production
v’ 620 epA U34 547 epA U3+ ..
v 18 epA Xe#2+, 47 epA Xe3d+, 146 epA Xe34+, 374 epA Xe30+
B FECR development still having challenges in terms of Nb,;Sn

magnet

ICIS'23
g Conference
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