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I. Permanent magnet 2.45 GHz ECR ion source at PKUI. Permanent magnet 2.45 GHz ECR ion source at PKU

VV

OO++25mA /25kV@25mA /25kV@3mm3mm

II

IIII

IIIIII

IVIV PKUNIFTYPKUNIFTYTestTest

TestTest TestTest

Dimension:Dimension:

outout:       :       10 cm/11.5cm10 cm/11.5cm

height:   10 cm/11cmheight:   10 cm/11cm

inin:      :      40 mm/64mm40 mm/64mm

L:         50 mm/50mmL:         50 mm/50mm
HH++ 100mA/50kV@100mA/50kV@6mm6mm

HH++ 100mA/50kV@100mA/50kV@6mm6mm

H+  100mA/50kV@H+  100mA/50kV@6mm6mm

D+   83mA/50kV@D+   83mA/50kV@6mm6mm

He+ 40mA/50kV@He+ 40mA/50kV@6mm6mm

SFRFQSFRFQ
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••Structure of PKU Compact SourceStructure of PKU Compact Source

Study are focused onStudy are focused on
1.1. Microwave coupling and window design Microwave coupling and window design 

2.2. Magnetic field generation and configurationMagnetic field generation and configuration

3.3. Three electrodes extraction system Three electrodes extraction system 
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••Microwave window and its protection piecesMicrowave window and its protection pieces••Microwave window and its protection piecesMicrowave window and its protection pieces

11

22

33

BNBN

SiN@SiN@

50h50h

AlNAlN

BN@BN@

50h50h

We have testedWe have tested

••Ridged waveguideRidged waveguide

••TT--antennae antennae 

••Microwave window Microwave window 

Item 1,2,3 form the Item 1,2,3 form the 

RF window.RF window.

BN, SiN and AlN are BN, SiN and AlN are 

used for window used for window 

protection.protection.
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••Magnetic field and its configurationMagnetic field and its configuration••Magnetic field and its configurationMagnetic field and its configuration

1.1. SolenoidSolenoid

2.2. Solenoid + Solenoid + 

Permanent Permanent 

3.3. Permanent Permanent 

magnet magnet 

ringsrings
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5050 kVkV --22 kVkV 00 kVkV

••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))

••Beam extraction systemBeam extraction system••Beam extraction systemBeam extraction system
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5050 kVkV --22 kVkV 00 kVkV

••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))

50 keV H50 keV H++

IITotalTotal: >100 mA: >100 mA

Half divergence angle: >100 mradHalf divergence angle: >100 mrad

••Beam extraction systemBeam extraction system••Beam extraction systemBeam extraction system
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5050 kVkV --22 kVkV 00 kVkV

••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))••Flat (180Flat (180) ) electrodes (electrodes (originaloriginal))

50 keV H50 keV H++

IITotalTotal: >100 mA: >100 mA

Half divergence angle: >100 mradHalf divergence angle: >100 mrad

••Beam extraction systemBeam extraction system••Beam extraction systemBeam extraction system

50kV50kV--100mA 100mA --2. 0kV 2. 0kV 

50kV50kV--100mA 100mA --3. 0kV 3. 0kV 
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50 kV                      50 kV                      --3 kV        0 kV3 kV        0 kV

••New 90New 90 electrodeselectrodes••New 90New 90 electrodeselectrodes
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50 kV                      50 kV                      --3 kV        0 kV3 kV        0 kV

50 keV H50 keV H++

IITotalTotal: >100 mA: >100 mA

Half divergence angle: <35 mradHalf divergence angle: <35 mrad

rms,normrms,norm: 0.13 : 0.13 .mm.mrad.mm.mrad

••New 90New 90 electrodeselectrodes••New 90New 90 electrodeselectrodes
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••The suppressing voltageThe suppressing voltage••The suppressing voltageThe suppressing voltage
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Microwave 

System

Turbopumps

FC 1

Semi-closed 

Solenoid

FC 2

VS 2
ECR Ion SourceECR Ion Source

EMU

ACCT

FC 3

Energy Spectrometer

VS 1

II. PKU PM source resultsII. PKU PM source results

2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench
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Microwave 

System

Turbopumps

FC 1

Semi-closed 

Solenoid

FC 2

VS 2
ECR Ion SourceECR Ion Source

EMU

ACCT

FC 3

Energy Spectrometer

VS 1

II. PKU PM source resultsII. PKU PM source results

2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench2.1 PKU LEBT Test bench

•• 40mA/50keV He40mA/50keV He++ at FC2(2010at FC2(2010--4)4)

Electrode shapeElectrode shape Sup (kV)Sup (kV) FCFC 1(mA)1(mA) FC2(%)FC2(%) FC3(%)FC3(%)

180180 --2.02.0 >100>100 <30<30 1010

140140 --2.02.0 >100>100 7575 4545

9090 --2.82.8 >100>100 9393 8282
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ECRECR RFQRFQ--

10001000

SFRFQSFRFQTRIPLETTRIPLET AMAM

2.2  O2.2  O++ LEBT for SFRFQ (Separation function RFQ)LEBT for SFRFQ (Separation function RFQ)2.2  O2.2  O++ LEBT for SFRFQ (Separation function RFQ)LEBT for SFRFQ (Separation function RFQ)
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OO++ LEBTLEBTOO++ LEBTLEBT

20092009--4: 25kV/ 25mA O4: 25kV/ 25mA O++
••Required :5mARequired :5mA

•• Achieved: 9mAAchieved: 9mA

RMSRMS < 0.12 < 0.12 .mm.mrad.mm.mrad

Einzel lensEinzel lens
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Schematic diagram of PKU 2MeV acceleratorSchematic diagram of PKU 2MeV accelerator--driven neutron source driven neutron source 

Ion SourceIon Source RFQRFQ HEBTHEBT
99
Be TargetBe Target
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RF PowerRF Power

Beam Measurement & ControlBeam Measurement & Control

2.3. D2.3. D++ Injector for PKUNIFTY Injector for PKUNIFTY 
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RF power supplyRF power supply

LabLab

LabLab LabLab LabLab LabLab

Control Control 

roomroom

Neutron hallNeutron hall
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••Plan view around neutron hallPlan view around neutron hall



2011-1-2 19

ThreeThree--D Schematic diagram of PKUNIFTYD Schematic diagram of PKUNIFTY

DD++ IS & IS & 

LEBT(1.36m)LEBT(1.36m)
2MeV RFQ2MeV RFQ HEBTHEBT

Target moderator Target moderator 

and shieldingand shielding

RF waveguide

Total length: 8m. Total length: 8m. 
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A photograph of D+  LEBT (from source)A photograph of D+  LEBT (from source)
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A photograph of D+  LEBT (from RFQ) A photograph of D+  LEBT (from RFQ) 
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••Ion SourceIon Source Commissioning Results Commissioning Results ••Ion SourceIon Source Commissioning Results Commissioning Results 

UUexex=50 kV, time schedule: =50 kV, time schedule: = 1 ms, f=100 Hz = 1 ms, f=100 Hz 

Ion Ion 

typetype

Gas flow Gas flow 

(Sccm)(Sccm)

VVSupSup

kVkV

RF  RF  

(W)(W)

IITotalTotal

(mA)(mA)

XX++

%%

XX22
++

%%

XX33
++

%%

1/21/2

mradmrad

RMS, norm.RMS, norm.

.mm.mrad.mm.mrad

HH 1.51.5 --2.62.6 170170 8080 89.789.7 8.78.7 1.61.6 4242 0.170.17

DD 1.81.8 --2.92.9 210210 8383 8181 13.213.2 4.24.2 7070 0.180.18

On site test on 9th Spet,2009On site test on 9th Spet,2009
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LEBT commissioning LEBT commissioning LEBT commissioning LEBT commissioning 

••Vacuum:Vacuum: < 10< 10--55Pa after 0.5hPa after 0.5h

••IIRFQ,D+RFQ,D+: : 56mA56mA

••norm, RMSnorm, RMS:: 0.120.12--0.16 0.16 mmmradmmmrad

••Waist Waist shift:shift: --10mm ~ 10mm10mm ~ 10mm

•Species factor：DD++: : 99.5  99.5  %,  D%,  D22
++:: 0.2  0.2  %,  others%,  others：： 0.3  0.3  %%

••Neutron flow 0.6m away from the targetNeutron flow 0.6m away from the target: 15: 15Sv/hSv/h
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Some words on LEBT solenoid

Full-closed type(CEA/Saclay)

SemiSemi--closed typeclosed type
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Shixiang Peng, Jifeng Yan, Jinxiang Yu, and Zhiyu Guo, A simple ferromagnetic circuit for a solenoid 
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Measurement results Measurement results 
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••Solenoids for PKUNIFTYSolenoids for PKUNIFTY

L:      200mm

in:    110mm

out:   300mm

Bmax: 0.65 T

••Simple structure, easy to fabrication and Simple structure, easy to fabrication and Cost lower!!Cost lower!!
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III. ConclusionIII. Conclusion

1.1. TheThe PKUPKU ECRECR ionion sourcesource isis focusedfocused onon compactcompact PermanentPermanent
magnetmagnet typetype withoutwithout ridgedridged waveguidewaveguide..

2.2. CCurrentlyurrently 100100 mAmA ofof HH++ ion,ion, 4040 mAmA ofof HeHe++ ion,ion, 1010 mAmA
ofof NN++ ionion werewere producedproduced forfor severalseveral yearsyears withwith goodgood
performanceperformance inin termterm ofof reliability,reliability, stability,stability, beambeam noise,noise,
emittanceemittance inin pulsedpulsed modemode onon thethe testtest benchbench..

3.3. MoreMore thanthan 2525 mA/mA/2525 keVkeV OO++ ionion waswas delivereddelivered toto 11MeVMeV
RGQRGQ forfor SFRFQSFRFQ projectproject..

4.4. UpUp toto knowknow moremore thanthan 8383 mA/mA/5050 keVkeV DD++ waswas producedproduced
forfor PKUNIFTYPKUNIFTY projectproject..

To conclude, To conclude, the compact permanent magnet the compact permanent magnet ECR ECR monomono--
charged charged ion sources are really powerful and efficiently fit ion sources are really powerful and efficiently fit 

in with the in with the high current acceleratorhigh current accelerators requests. s requests. 
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Thank you for you attention!Thank you for you attention!

感谢您的关注！感谢您的关注！

Je vous remercie de votre attention Je vous remercie de votre attention ！！
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