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Driven Force of High Intense lon Source
RFQ 5 MeV SRF Linacs
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Numerous High Intensity Linacs

: Particles Intensity | Duration | Repetition | Emittance | Source
Project p/d/H,/O/He/Li | mA ms Hz ¢(m mm.mad) | Lab
LEDA H* 100 CW - 0.25 LANL
SARAF H*, D* 2 CW - 0.2 ACCEL

IPHI H* 100 CW - 0.25
IFMIF D* 140 CW : 0.25 CEA
Spiral2 H*, D* 5 CW - 0.25 /Saclay
FATD I+ 1NN 1 Y| n"
L -The beam generation abillity, its stability, reliability, N
I <
~reproducibility, lifetime, operation convenience and cost of
— CAS
B an ION SOURCE is extremely important!
' PKUNIFTY D* 40 1 100 0.2
C- RFQ He* 10 1-CW 166 0.2 PKU
DWA H* 40 1 100 0.2
CIFNEF H*, H,", Li3* 20 CW - 0.2
BISOL |H*, H,", D*,He**| 50 CW - 0.16
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The Opulent lon Source Buffet*

Electron Bombardment ion source  * Microwave ion source 56 different ion sources !
Hollow Cathode ion source * XUV-driven ion source _

_ , . * Bayard-Alpert type ion source
Reflex Discharge Multicusp source * Arc Plasma ion source

* Inverse Magnetron ion source
Cold- & Hot-Cathode PIG . Surface Iomzatzon ion source
(] ppp’A n 1/)1/1 NIV O

Electron C. - 2 45GHz ECR lon Source may be the best
source (EC.

Electron B choice for High Intensity Linac!

Surface Co . . .
Cryogenic Tens to hundred mA single-charged ion beam with
Metal Vapc emittance ~0.2x.mm.mrad!

(MEVV/.U .. * Atomic Beam ion source * Plasmatron
Sputtering-type negative ion source . Fiel d Iomzatzon ion Source + Duoplasmatron

Plasma Q’llVfﬂf'D Pnnvoro1nn 1/10()'/11"1\)0

ionsowr > Compact-PIG-lon Source (Dual Hollow Cathode Discharge)

il;:;:o Hybrid 2.45 GHz Microwave Driven lon Source (Li3* Source)
: s o e * Monocusp ion source

Hollow Cathode von Ardenne ion » Liquid Metal ion source e Buchet ion soprce

source * Beam Plasma ion source e Metal ion source

Forrester Porus Plate ion source * Magnetron ion source g

Multipole Confinement ion Today’s selection features the most
EHD-driven Liquid ion sot im po rtant ion sources/!
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Generator Adapt. \

Coils / PM | Extraction ECR Source =
r-m-a'kﬁﬁ----i--.ﬁ System Resonance zone :
i R w=eB/m
i lon Beam E’l ®, pulsation
| e, electron charge
| | injection B, magnetic field
A ——— -

] m, electron mass.
HV (+50 kV)
| 2.45 GHz = 875 Gauss

L Its Distinguish Characteristic: /7,77

> It can produce high intensity H* / H,* /03", etc. in DC/Pulsed mode;
> H*/D* current can goes to Hundred mA with emittance of ~0.2x.mm.mrad;
> High stability & reliability & reproducibility, long lifetime, ...
“The Unique Characteristic of a 2.45 GHz ECR, is limitless life time
because of no consumption units (no filament, no antenna)
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TP

), CEA/Saclay

Courtesy R. Gobin

High Intensity Light Ion Sources(

-Large Body with Coils IPHI/IFMIF/FAIR

[o|+100kV]

Lol gl || e, Con] lon type H* D* He*
\ / Current(mA) 157 175 104

Density(mA/cm?)

247

275

163

RMS emittance < 0.2x.mm.mrad
Table 1: Rehliability tests

electrode
extraction system

T Parameters Déc. 97 | Mai 99| Gei. 99 | March 01 |June 01
Energy (keV) 80 95 95 95 95
Intensity (mA) 100 75 75 118 114
Duration (h) 103 106 104 336 162
r Beam off number 53 24 I 53 7
MTBF (h) 1.75 4 n. appl ~6 23.1
] MTTR (mn) 6 5.3 2.5 ~ 18 2.5
-Small Body with PM SPIRAL 2 Uninterrupted beam (h) | 17 275 | 103 25 36
_______________________ , 2 Availability (%) 945 | 979 | 9v.9% 95.2 99.8
90 frrrm e b I IR RS S N R RN NN NRRNSE AR RRRRRRRRE! r
0 H'WWW
g 70
Secirode = o0+
fx . extraction system ﬂg 50 é ;
....................... 3 ® : [Availability : 99.96% -
C [ [ [ [ N
g 30 + [Total : 104.05 h]| 1
........................... 220 - ;
10 é Energy = 95 keVI ;
: transition E g
= = 04/10 04/10 04/10 04/10 05/10 05/10 05/10 05/10 06/10 06/10 06/10 06/10 07/10 07/10 07/10 07/10 08/10 08/10 08/10 08/10
O- Delferriére, RSI 79, 02B723 (2008) 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00

R. Gobin, etc., EPAC 2002, Paris, France, 1712-1714(2002)

Time




ANFTEE -IFMIF,SILHI source(Coil), CEA/Saclay

‘

Source body
600mm x ¢5S00mm
>200kg
Extraction System
300mm x ¢600mm

'---. 3.3m x 2.7m

/' -
&
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""”“7 X ¥ IFMIF Source Status ors | IOMOOGE T

PE 12 mm o Iex1=17?mA

Typical EMU data (1,,,=20 mA)

0.15

TUOAO4,
M. Sugimoto

0.14 | e SRS s

- 0.13 b .\. ............................................................................................ J

Current, emittance, stability, reliability, reproducibility
of SILHI are VERY promising! R
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PKU PMECR lon Source

-Standard ones  Permanent Magnet, Dielectric Window, Limited HV region

Source Body
Out: $10cm x 10 cm(H)
Inner: $40mm x S0mm(H)
Wet: < 5 kg
Extraction System

100mm x ¢ 230mm
d6mm hole
HV platform
$»300mm x 230mm
Labs CEA/Saclay ! PKUI
Ion type H* D* | He" H* N He* O TArtl N7
Current(mA) | 157 |175| 104 | 130 -emittance < 0.2m.mm.mrad |
Density(mA/cm?) | 247 275 | 163 460 294 230 247 (247 297
Facility [PHI/TIFMIF/FAIR | DWA/Proton | PKUNIF | Coupled | SFRFQ Ion
SPIRAL2, etc. Therapy TY RFQ Implantation

[1]O. Delferriére, RSI 79, 02B723 (2008)
[2]S. X. Peng, A. L. Zhang, H. T. Ren, etc. Chin. Phys. B, 26(2): 025206(2017). 11/20




Stability of PKU CW 2.45GHz ECR Proton

VOLTAGE CURRENT RUN TIME

50.0,,/55.0 , 300.5

S00W@p6mm
E 35
I -
8, 65 ’
20— 60 -
15 1
i 515 : ‘ ‘
i 50+
ol B ple N . & Stop t Pos: 43000 s MEASURE
8:25:59 0:00:00 0:00:C - 110
2016/5(6 2016/5/7 2016/¢ 4 O i oo + 5/18
5 Ttrvsnaena (R [ TR R RN (R (RO 1 CH3
17:00:58 21:30:00 1:00:00 4:30:00 Pean
2016/6/6 2016/6/6 2016/6/7 2016/6/7 g E
[1] S. X. Peng, A. L. Zhang, H. T. Ren, etc. Chin. Phys. B, 26(2): 025206(2017). S
[2] S. X. Peng*, A. L. Zhang, H. T. Ren, etc., Rev. Sci. Instrum., 87: 02A706(2016). 3 o
[3] S. X. Peng*, A. L. Zhang, H. T. Ren, etc., Chin. Phys. B 24(7) :075203(2015). Fall Time
[4] 8K SRR L0 - SRRE AR TRE TWES BADBMBR, 2017/F6A, F S e L
[5] B RIS RIS > 2016426 130 H. CH3 5004 T-dun-16 0425 <10H:
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> Beam Transverse Distribution
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> Moment beam record
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HAREE

» Pulsed Beam
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+

[r 1

e *
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q) mm CH4 Off
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nator Faraday Vacuum  Microwave
Cup Valve 1 System

Solenoids

ECR Ion
Source

Valve 2

- ;, — B . uﬂo-:{ (-

> lon source and LEBT was considered as a
whole in this design. The LEBT total length is
1.36m.

> This Injector was finished within the budget on - o
time schedule. = | W

> No maintenance is required since operation.

Friendship Hotel E =S. X. Peng*, etc. Rev. Sci. Instrum. 83, 02B711 (2012). 14/20



PR DWA, H+ Online (2013/10/15, Mianyang, SiChuan)

Requirement
KT AET R B B, FIEA SN A UERA 10mA/¢10mm@40kV
7 H 475 I B T L ik 8 S B R R 50mA/¢p40mm
i ] BT o [E] TR T A e AL A A B T P
TR )11 45 i L B 60 ' ~ &<0.1m.mm.mrad
BRARA A Hiif: 0816-2484105 f4£¥: 0816-2485139 e
oz FH B (8] 2014—2018 4 Achieved

A AR ETHI R THEASS, o 2014 FEEME TP E TR R
B R B 2 18 B EL B R TR RETT 20 B “ A FREBE R T B4R s g S i
ABER” #. HETLUR, ZEABR—HEHEFRENTERS, ANFHERT
ELER NI 28 19 [EH BT MBI A FF REIR At T EE A H AR (0.

HEARHE 2013 4E 10 ALK, #WZE 2018 4F 4 A Bitis{TitE 1498
/NEF, 40KV BRG] R R F AR EFE E T 40mA B, o AdRimis
RMERAER, BITHRRREE AN, BEttmEgy i

il -Up to April 2018

54mA/¢10mm@40kV
€<0.lmt.mm.mrad

-Count operation time: 1498h

SEAINET: BT .No beam-off
- No sparks

-High Stability

- High reproducibility

-No maintenance is required up to now.

S.X. Peng*, etc., NIM A763 (2014) 120-123.
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Some other relevant progress at PKU

1)New Miniaturized 2.45GHz ECR Ion Source

-Source Body

i ]

-Pulsed mode with 100Hz@1ms

CW@40kV

\
7 RF 180W@ 21.7mA H*
400 - m
ﬁ H'  88% Pressure: 1.2E-3 Pa
I H; 5.9% Power: 1800 W RF 10W@3mA H+
Q H: 6.1% High voltage: 40 kV
Beam current: 52 mA
o} 1 1.7mA He'
: ! :
5 t CW@5kV
of _J /L V aathe SN
e He* 1.7mA@10W
1500 2000 2500 3000 3500
Integrated one Magnsic ficld /Gauss "
an
H 105% - H
BE HT 795% B [Pressure 60E-4Pa g H 68% ’
L Hz_ 10% RF power: 10 W B H: 11.5%
a i ITigh voltage: 35 kV H. 8l..7%
2 nr Total current:1.28 mA E\ !
g s} loa1.28MA@3SKY Bor ) 117mA@35KV
a 10f i
b ’ i -
Sk H H H B,
0 __ﬂ-ﬂ_ PSS rl\ 0 M I W
1000 2000 3000 4000 1000 2000 3000
Magnetic field (G=) Magnetic fiekl (Gs)
[1] Jia-Mei Wen, Shi-Xiang Peng, etc., Chin. Phys. B, 27(5) (2018): 055204. 16/20 .




e gk F Some relevant progress at PKU
2) H,"/H;" PMECR Source — D" linac, limited space charge efficiency

: H2+H2*—>H;+H
1E-15 | e+H3*_>2H+H*+e -
5
§ 1E-16 e+ H,—H, +2e
8 e+HoH +2¢ .
BT £ E H," fraction
i n dominant region
Lo H,T 42mA(20mA)
1 10
Fast particle er H3+ ZOmA(3 mA) RF power —
T T T T T T T T 160 T T T T T T T T T T T
60 'l:?tgl7 c:sl';ent: 75 mA 45keVH,' - 140 i Total current: 28 mA 45 keV |-|3'" ]
| W 378 - L H':30.7%
s L Hz+ 54A,o | 120 L +, . -
%, | H,"8.52% 45 KeVH' 5 | Hy :14.5% 45 KoV H*
‘.QC_J‘ 40 ] g) 100 -— H3+: 54.8% \ -
% 7 2 an L { -
: % Patent, No. 2017103287327 ]
T 2 Y. Xu, Shi-Xiang Peng, et al., Chin. Phys. B 26(8), 085203(2017).
o Y. Xu, S. X. Peng, et al., Rev. Sci. Instrum. 85, 02A943 (2014).
W.B Wu, etc, SCIENCE CHINA Physics, Mechanics & Astronomy 61 ]
0 (2018):045211. ]

_ 1000 1500 2000 250 5. W.B. Wu, etc., Chin. Phys. B, 26(9) (2017):095204. -
e Magneticlield/Gs Sept. 201 Magnetic Field(Gauss)




Current (epA)

500

400

S

)
S

100

T T T T T T T T T T T
+
O Pressure 8E-4 Pa
Power 230 W
Extraction voltage 40 keV
1000 & Pulsed duration 1 ms E
> +
B 0, ]
=] J
)
&
R= | W ]
5
2 100 0¥ N° 4
= O3+ ]
= ]
e o
+
g Ha
10 -
" 1 " 1 " 4
0 4 8 12 16 20 24 28 32 36 40
T T T T T T T
M/Q

| .03 273 euA
: 07" 446enA
‘_ -He?" 4.4mA

7 1. Y. Xu, Shixiang Peng, et al., SCIENCE
' CHINA Physics, Mechanics & Astronomy
w0 w0 2 @ 60(6), 060021(2017).

Power (W)
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4) Li** source is on the way

1E-1zEllll L] |IEEE EE R B EE] ] T rrrry L) | EEEEEEE BE B = & |

1E-13

1E-14

1E-15 i Q\
1E-16 P\\“:
1E-17

1E-18 /’ —
1E-19 r S

1E-20 / Vs

6 (cm’)

1E-21 Li®+e—Li*+2e Li*te—Li*+2e |
1E-22 Li*+e—Li**+2e Li+e—Li*+3e |
— Li""+e—Li*+3e Li%+e—Li"+e
1E-23 LT +gLi™+2e, Li®*+Li%+e—Li*"+Li"+g
Li“+Li+e—Li"+Li" +e
1E-24

1 10 100 100
T (eV)
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High Intensity Single Charged ion beams are more and more
requested by High Intensity Accelerators.

Results of CEA/Saclay and PKU 2.45GHz ECR cases prove that
the requirements of High Intensity Linacs on beam intensity,
reliability, emittance, and so on, can be met by this type
source.

Source(source body, extraction system, HV region...) can be
a little bit larger or smaller.

Current can be up to 100 mA or down to 1 mA.

A 2.45GHz ECR ion source can be explored to produce tens mA
H,*/H,* and hundred pA 0?*, O3* etc. with some specific
design according to the element characteristic.

For a high intensity LINAC, a better way is to consider the
lon source and the LEBT as a whole.
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