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inr Background introduction

Space Environment Simulation Research Infrastructure (SESRI) ¢
Heavy lon Energy 8 ~ 85 MeV/u (Proton Energy100 ~ 300 MeV) #
Y

DTL + RFQ LEBT  oF
The requirement of the ECR ion source

m“

>250 euA
4He2+ >200 euA
4 keV/u
84K 18+ >84 euA <0.15
209g32+ >50 euA
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1tp. Design considerations of ECRIS B
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Beam intensity produced by two types of typical ECRIS in IMP

lons Charged State LAPECR2 (epA)  LECR3-14.5 GHz (epA) LECR4-18 GHz (epA)
40Ar 8+ 310 1100 1717

9+ 200 720 1075

11+ 105 325 503
209B;j 28+ 45 207pp30+/18 118

31+ 20 70

* All permanent Magnet ECRIS and 14.5 GHz room temperature
ECRIS can’t meet the requirement of the bismuth ion beam.

* High performance 18 GHz room temperature ECRIS can meet all ion

beam requirements.
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i Design parameters of LECRS X

Y 4
Design parameters in comparison of other ECRIS
LECRS LECR4 SECRAL(18 GHz)
f (GHz) 18 18 18
Bi; (T) >2.5 2.4 2.5
B, (T) 0.33~0.53 0.53 ~0.5
B, (T) >1.2 1.3 1.4
B4 (T) >1.2 (r=40) ~1.0 (r=38) 1.4 (r=63)
Mirror length 340 mm 307 mm 420 mm
Plasma Chamber 80 mm 76 mm 126 mm

The magnetic field configurations of the LECR5 are similar for those
of SECRAL operating at 18 GHz.

* Injection and radial magnetic field as high as possible.

* The minimum magnetic field in the middle can be adjusted.

* Plasma chamber as large as possible.
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B> Layout structure of LECRS g

oo

Hexapole Magnet
(Halbach-36 blocks)

Injection Coils
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» Testing setup and Platform construction
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<wr> Source Assembly of LECRS 0555

ar

Injection component Plasr
;vI u oleni y

2~
-

«
—

C. Qian - ECRIS2020, MSU, 9



N4
<iMpD>
N

Radial magnetic field of LECRS

R=40 mm Measurement Dates
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<r> Axial magnetic field of LECRS 05354
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<r> Testing Platform of LECRS 05354
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Dipole

Beam Diagnostic
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<> Beam optical design of Testing Platform 054

HV=8 kV, I,= 1.5 emA, H,"=500 euA, SSC=70%

Beam spot size X emittance Y emittance
1 40 40
2 201 201
Eo :é, 0 § 0
=i 201 -20
4 ' ' : -40 : : : 40 : ' '
-4 =2 0 2 4 -4 =2 0 2 4 -4 -2 0 2 4
x[cm] x[cm] y[cm]
HV=26.125 kV, |I,= 5.0 emA, Bi3?*=65 euA, SSC=70%
Beam spots position Beam spot size X emittance Y emittance
3 T T T r .
I 3 : 3 9 ‘ : ‘ 40 - ; ; 40
o) Bi¥¥* Bi¥?* Bidl* | .
1t ‘ S : ; { k. 1
af S -
Ll o -1
P64 2 0 2 1 s -2 : : : -40 : ’ : 40 - - ‘
leal -2 -1 0 1 2 -2 -1 0 1 2 1 0 1 2
x[cm] x[cm] y[em]
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> Performance Testing of LECRS b
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Data:01-18-2020

2200

2.12 emA-0% . -
2000 Testing conditions:
1800 14.56H:P =180 W
1600 181" =1300 W ° i . +
o . rrE M— Heating frequency: 14.5 +18 GHz

1200 " *Plasma chamber material: Stainless steel
1000
800

600

Beam Intensity{epA)

*Plasma Electrode Aperture: 8 mm
o7+

222 LA‘_/ )\3 *Screening Electrode Aperture: @16 mm
h 1L

70 80 % 100 i 20 % | *FC Negative Biased Voltage: -150V

Dipole Current (A)
V4
2000 [
<t 06+ /

(]
2 1500 } LECR4
v' LECR5 has demonstrated : [ c;?szérleJ
its performance. %1000 -
§ 500 }F

0 0.5 1 1.5 2 2.5

Microwave Power (kW)
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» Commissioning for Ion Beams

* Gaseous ion beams production
* Metal ion beams production
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> Gaseous Ion Beams Production G
Optimizing the production of highly charged krypton ion beams
200
HV=28 kV, 1,=2.64 emA
150 SV=-0.9 kV, ;=0 emA
160 Pison=1.5 KW, #3*1 =73 euA
<:ES. 140
L (=) (s D316+
_'? 120
é 100
£ 4 23+ 225} gh %ﬁ* P +
E w
§ 60 2
40 2 +
| L
; _ )
90 95 100 105 110 115 120 125 130

Dipole Current (A)

Tuning Conditions:
* Heating frequency: Single 18 GHz

* Screening Electrode Aperture: ®16 mm

* Plasma chamber material: Stainless steel  « Fc Negative Biased Voltage: -150 V

* Plasma Electrode Aperture: ®8 mm
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Gaseous Ion Beams Production

Optimizing the production of highly charged xenon ion beams
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2020
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* Screening Electrode Aperture: ®16 mm

* Plasma Electrode Aperture: ®8 mm
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7 Gaseous lon Beams Production g

Gaseous ion beam results of LECR5 in comparison with other ECR ion sources

LECR5(epA) LECR4(epA) SECRAL(epA)
lons | Charged State o - 2 kwW 18 GHz<<2 kW 18 GHz <3.2 kW
160 6+ 2120 2110

7+ 458 560
16Ar 11+ 521 620
12+ 385 430 510
14+ 121 185 270
16+ 25 23 73
86Ky 18+ 220
20+ 120
23+ 73
26+ 32
209% @ 20+ 338 430 505
23+ 263 275
26+ 200 205 410
27+ 145 135 306
28+ 104 92

[J LECR5 has the potential to produce intense highly charged ion beams.
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#> Intense highly charged Ion beam Emittance ¢

HV=28 kV, | =4.31 emA, 12°Xe?’*=145 epA

H: 0.1(nrms) —o:i B \/:0 11 (nrms)

g7 0. 50T m
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%wi% Metal Ion Beams Production B

_ _ Micro-oven
Micro-Oven 2D Section

e
r R o T Tuning Conditions:

;% ‘; / * Heating frequency: 14.5 +18 GHz

2 1o r | * Plasma chamber material: Aluminum

E %00 |——* * Micro-oven port Aperture: ®4 mm

‘g-, Z i | * Plasma Electrode Aperture: ®8 mm
I | e Screening Electrode Aperture: ®16 mm

00" |56 6 B b B B e w5 T iy * FC Negative Biased Voltage: -150V
Electric Power (W)
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%wi% Metal Ion Beams Production B

Optimizing the production of highly charged bismuth ion beams

60
HV=25 kV, 1,=1.28 emA
50 SV=-0.4 kV, 15=0.22 emA
Pigon~1.8 KW, P14 561,=0.26 kKW
~ 414 =22 oA,
< . |
G ok . o+
= 37 36
2 30 ﬁ ﬁ 34 33
£ 40 | ﬂ 32
E i ﬁ A | 3" a0
§2° i) N ﬂ 29
@ 43 08
10 4 \ [\ o 25
/ 47 “ /\
4
0 \ _49/] U | / } | \ \ / \
98 103 108 113 118 123 128 133 138 143 148

Dipole Current (A)

0 LECR5 can produce highly charged heavy ion beams.
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7. Metal Ion Beams Production g

lon Beam Spots with different 2.3epA-B

charged state. .
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2 Metal Ion Beams Production L
Bismuth ion beam results of LECR5 in comparison with other ECR ion sources
LECR5(epA) LECR4(epA) SECRAL(epA)
lons | Charged State | - 18 GHz<2.2kW 18 GHz<<2 KW 18 GHz <<3.2 kW
209 30+ 119 191
31+ 101 92 150
32+ 81 63
iy _ 2> 22
45+ 12.5 15
50+ 3.8 1.5

5 T LLm
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= Commissioning for project requirements 055¢

Results of ion beams commissioning in comparison with requirements

Intens'tv (epa) | X(nrms) | Y (nrms)

266 >250 0.14<0.2 0.15<0.2
4He2+ 204 >200 0.15<0.15 0.14<0.15
84Kris+ 88> 84 0.09<0.15 0.11<0.15
209gj32+ 51>50 0.05<0.15 0.05<0.15

H,*

4H a2+ | 84|18+ 209B {32+

(

slitx=12mm
SlitY=12mm

litX=14mm litX=10mm itX=12mm
SlitY=12mm _ SlitY=12mm . SlitY=16mm

' .( .‘
\‘ J
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> LECRS Milestone and Status 0’\0

hY 4

»02.2016 - Project proposed, called LECR5-SESRI.
»07.2018 - Final Overall design finished.

»07.2019 - Overall assembly and first beam analyzed at IMP.
»04.2020 - LECR5-SESRI commissioning for intense highly

charged ion beams.

Next: Ready to transport to Harbin, Commissioning with RFQ.
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<ip> Summary 0"

1. A high performance 18 GHz room temperature ECR ion source was
successfully constructed.

2. Some outstanding results of highly charged ion beams have been
produced.

3. Excellent quality of intense heavy ion beam has been obtained.

v Better results will be obtained by further optimizing conditions:
1. Multi-frequency heating.

2. Higher microwave power up to 3 kW.
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Thanks for your attention!
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