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TRIC 1. 2.45GHz Microwave Driven Ion Sourcs family at PKU
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Antenna may not be efficient RF matching method. !

> 2008: PKU Typical PMECRs

» 2004: Curent increased and Problematic[1~2]

1.S. X. Peng*, RSI 79 (2008):02A310.
2.H.T. Ren, S. X. Peng*, RSI 83 (2012):02B905.
3.M. Zhang, S. X. Peng*, RSI 81 (2010):02B715.
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SMIS: PKU Standarded ~MMIS: Miniaturized
Permanent Magnet Microwave Driven Ion
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TRI&" 1) PKU Standart 2.45GHz Permanent Magnet lon Sources - SMIS
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ABRT: Accelerator Based
Radiation Therapy
Facilities

1)Proton Therapy(PT)

S. X. Peng*, RSI 79 (2008):02B706 H. T. Ren, S. X. Peng*, SRI 81 (2010)02B714

H*, DWA, 2013~

2)Boron Neutron

@ BN TSN Capture Therapy (BNCT)

Up to now, NO mamtenance is reqmredl

S. X. Peng*, NIMA 763 (2014):120-123 S. X. Peng*, RSI 85 (2014):02A712




Cerimac
window

Microwave
frequency

Microwave power
Beam energy
Magnets
Extraction hole
Source body

The Whole Source
RF Matching

Operation mode
Total current

Applications

lon source characters

2.45 GHz

40-100 W

30-50 kV

Full permanent magnet

6 mm

88 mm x ¢90 mm, 2.5 kg

130 mm x ¢$180 mm, 7.3kg

1) Ceramic plus Co-axial cable

2) Ceramic plus BJ 32 waveguide
Pulsed / DC

DC: 42mA@100W RF

Pulsed: 72mA@100Hz/10%@1800W
Neutron source, PFG, etc.

J.M. Wen, S.X. Peng*, CPB 27(5) (2018): 055204
S. X. Peng, J. Appl. Phys. 132, 083305 (2022)
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} Source Body

& 3) MMIS Resluts - Cerimac window

®24mm @ 42mA@100W, H,, CW

Average density(10'*/cm?s)

Pulsed mode @40k
HEE DGRy H* fraction H,* factor H;* factor:
1.8kW, 100Hz@1ms @74mA v - % -
a)® c) " I 1) |:;:\ 20 rm| e)“
CW@40kV | | s :
_ vt . s — a Is
RF 100W@ 42mA Hydogen beam | | £ ; 2 N e
i, - ~ £ 7
RF 10W@3mA H" 1.7mA He" il i o
m| l.{ '_g I
CW@100V : = | | |
He+ 1.7mA@10W I nmumm':r;n Tt Pressure (10° Fa) Pressure (10° Pa)
H+ H,;*
(b) () -
g e TR ; : . 2=es
s 1 , § ] g q ; i "i é,p 77
P Small is beautitul! o
115 | 1 . m-ss-._:nmm\ T y T 5
TT vy > How to generate a density plasma (HDH).

[1] S.X. Peng, etc., CPB, 27(5) (2018): 055204 4RiEHETE =
[2]S. X. PENG, etc., SAP2023, FU)||F5E

[3] S.X. Peng, etc., NIMA 1011 (2021)

165586.

. 132, 083305 (2022)

» What is the critical factor on H*/H,*/H3*
generation (Global model )
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200 W Solid State enerator
2.77kg
200 mm x 145 mm x 82 mm

il
v 4) Miniaturized Microwave lon Source(MMIS) Antenna type

Microwave frequency

Microwave power
Beam energy
Source body
Magnets

Extraction hole

RF transportation
Discharge Chamber
RF Matching
Operation mode
Current

Applications

2.45 GHz

10-100 W

30-50 kV

60 mm x ¢S50 mm, 1.5 kg
Full permanent magnet

6 mm

Co-axial cable

39 mm x ¢ 10 mm
Antenna

DC/Pulsed

CW: 8.5mA@40W
Pulsed: 21mA@180W(peak)
Neutron source, PFG, etc.
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Limitation Dislectric Diclectric
™ Cp A &
TE,;
cutoff
TE,, region

i |:> / / Surface wave

o - \,/\,/\,/ —k

> RF efficiency at PKU s et o & """"""""

Reactions

e+ H, » 2H+e Dissociation

1
M M IS . 2 H+H+wall — H, + wall H wall recombination
. 3 e+H—H"+2e H ionization
4 e+Hf —Ht+H+e Dissociative excitation
5 e+H, — Hf +2e Molecular ionization
1 OOW@42 mA 6 e+ Hz+ —H+H Dissociative recombination Surfalce Wave
7 Hf +H, — H +H Hj ion formation A& TSR Plasma
8 e+Hf —2H+H+e Dissociative excitation leniti
] 1ion
. SMIS . 500W@55mA 9 e+ H;“ — 3H Dissociative recombination g tio
10 e+H, > H"+H+2e Dissociative ionization
11 e+ Hz+ — 2H"+2e Dissociative ionization
12 e+ H;’ — H'+H +e Dissociative excitation E|ectron

Cyclotron Heatmg

» A 3D fluid model for MMIS;

» The Initial stage is based on SPPs;

» The maintenance is based on ECH.

» Main equations are solved by COMSOL.

PSP s e Fd

i hin \WEESHIBRGRENG", J. Appl. Phys. 132, 083305 (2022)

Sustam
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= v Microwave Driven lon Source: Hybrid Discharge Heating Mode (HDH)(2)
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Plasma simulation based on a fluid model Slmulation
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Global model on H*, H,* and H;* generation (1)

1) Three phase of hydrogen plasma  2) Application ( Proton therapy facility)

: %0 H* RF Power: 1600W(Peak)
L3 . | 70 Voltage: 30 kV
m I / Y : /" Gas flow: 1.30 sccm
‘ . - ) 60 Peak Current: 34 mA
Faraday R ; 50 | €norms. 0. 17m-mm-mrad
= H 91%
= H; 6%
= L
o =77 H 3%
<] +
p‘: 10 H; H_
04 ..ﬂl /—-\ ——
H2+ fraction -10
dominant region 1000 1500 2000 2500 3000
EiHIEE (Gs)

RF power ==

3) MMIS licati
application o )
i er 5. 3 +
H Gas pressure: 4.0%107 Pa Gias pressure: 6.0+107 Pa H Gias pressure: 5.0%10° Pa H,
el / G Average power: 10 W
400 Average power: 180W 25 1 Average power: 10 W £ p
Y I5F H* %
o 88% H 10% s
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1. W. B. Wu, S.X. Peng, RSI 90 101501(2019)
2. S.X. Peng, RSI 90 123305(2019)

- ﬁ £ 3. W.B.Wu, S.X. Peng, Vacuum, 182, 109744(2020)




Global model on H*, H," and H;* generation (2)

Electronic equilibrium equation

dn, n,

7: Sin +Zj iNj(Zjl_Z[ I’IRJ—ZZ 0,
H(D)+H(D)+ wall > H,(D,) + wall

n.N, (20, +a, ) +n.n, (o, + 20+, ) +m,N,a, +nn, (o +3at)

+y* (n1 /7, +n, /73)—]\71052 -n,Na, —% =0,

) Traditional method

2

-1
A; N 2V (2—-y)

Species factor(%)

D, Avy
o= i =10 D|%] = exp.data(OES). JNEUACIENe]
100 T T T T T T T 300
H': @ Experimental results; Calcucation results;
H,": @ Experimental results; Calcucation results;
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60 _ 3 200
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Operation pressure(10~Pa)

Operation pressure(10~Pa)

L. Aidm

Simulatién

Dt/ %

D Hefll%

3 4 5 (-] T 8
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BT UEN0%Pa
HyELt/%

80
70
60
50
40
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/ 20
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1 2 3 4 5 6 7 8

EFFUEN0Pa

AT UEM0%Pa
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ﬁ:l Advantages: It can increase a large number of particle
types and processes without significantly increasing the
amount of calculation, and establish the causal
relationship between the input parameters and the
spatial average physical quantities.

[0 Disadvantages: It can not provide the spatial dynamic

behavior of plasma; dissociation degree depends on the
input initial measurement data.




@ Theory improvement

Add four excited state,

n=2,3,4,5

Global model on H*, H," and H;* generation (3)

® Experimental results (dot) Vs

Simulation ones (curve)

No. Processes Description Reaction 30
energy(eV)
1 e+H, >2H+e Dissociation 10 25
2 H+H+wall > H, + wall H wall recombination --
3 e+H—>H"+2e H ionization 13.6 20
4 e+H, >H +H+e Dissociative excitation 2.4
5 e+H, > H, +2e Molecular ionization 15.4 15
=]
+ * . . . . . ~
6 e+H; >H+H Dissociative recombination 0 o
7 H;+H, > H; +H H3' ion formation == 10
8 e+H; >2H+H" +e Dissociative excitation 14 1 \
9 e+H; —3H Dissociative recombination 0 5
10 e+H, >H +H+2e Dissociative ionization 18 \
11 Dissociative 14.7 0 o] e SRR S
e+H; 5> 2H" +2e o
ionization — T — — —
12 . . Dissociative 14 Bl oo ol ! 10
e+H; >H +H +e o P P
excitation ressure (Pa)

1. R.K.Janev, W. D. Langer, and K. Evans, Jr., Elementary Processes in Hydrogen-Helium Plasmas: Cross Sections and Reaction Rate Coefficients, (Springer-Verlag Berlin Heidelberg, 1987.)

2. S.X.Peng!f, T. H. Ma, W. B. Wu, B. J. Cui, A. L. Zhang, Y. X. Jiang, Z. Y. Guo, J. E. Chen, New Progress of the Miniaturized Microwave Ion Source at Peking University. SAP2023, Xichang, Si chuan,2023.7.9-12.

3. T.H.Ma, S. X. Peng, et al., Under review.
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ECR 30keV
+LEBT 4
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18" » Parameters required by this LINAC

Content Parameters Unit
Ion type H*
Energy 30t 0.1 keV
Peak Current Ion source 20~30 mA
LEBT >18 mA
Beam stability(LEBT) *+1 mA
Emittence (RMS, Norm) <0.2 © mm-mrad
Repeat frequency 0.5~10 Hz
Pulsed Length 40~100 s
Raise edge <2.0 s

Proton Injector structure: PKU SMIS source + a solenoid. ‘ﬁ




> The PT SMIS source test

1519 7LH 2024

Source body  Jon Source; PKU SMIS S
P E—— ..
%, \v W icrowave * Size: $200 mm x 150 mm
4 > Windo eye .
o ® S « Beam ability:10 mA to 90 mA with
N\ - = 780
duty factor of 39%-20% (100 Hz). £
 [ts rms emittance is ~0.17t-mm-mrad. e
« H* faction: >90%. -
RF Signal __
':_ 80 4 H+
1 Frequency:100Hz
1 70 Pulsed Length: 0.4ms
Faraday Cup ! 60 4 Gas flow:1.6sccm
- RF Power:1600W (peak)
E 507 Current: 34mA@30keV
€ 404
e
5 %01 H' 91%, H; 6%, H., 3%
X o4
. N . S S i H, .
[roous 202,300 5[ 71,92 33,3577 Hz N ] ~ b
T T e ——— 04
[EmiE-IE  asr BE A0 |
HV Break T o 1500 2000 2500 3000
Extraction | Wave B strength(Gs)

Collumn guide

20



» The PT Injector Test Results

el

Kicker off Kicker on

W 100us/ AT

b 10, 0us.

Kicker

FAE i)

*ﬁlgl . 15 Pa

2.5mAI30kV 25mA/30kV

Raise edge: 2.47us

Raise adge: 1.99us.

2.45 GHz microwave generator & Kicker power Supply:
Xian SIGNUM Company

AR
ALRIN



» The PT LINAC Test Results

2023.4.14

TBS 2000B SERIES DIGITAL OSCILLOSCOPE

s ACCT

?( CNER el '™ Exit of DTL

| —-—
e
|
-
|
{

W o @ e e s W ew e
— wonin 73080004 200KDA <10Mr

lreo=14.4mA@7MV > 12mA@7MV!

NO SPARK appears up to now!
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40 keV@30mA 1.8 MeV = 20 mA 3.0 MeV

-------------------- -

HEBT Target

RFQ QT

DTL
The schematic view of AB-BNCT(Boron Neutron Capture Therapy)

The total length of acceleration section (RFQ+ DLT) is 6.1 m when the output energy
reached 3.0 MeV with the operation frequency of 165 MHz.

24




18 »> Parameter at the entrance of RFQ

»
-

}f‘

Particle

Proton

H,

Operation mode

CW (rare)

Pulse: 1~500Hz, 200Hz
specific, 0.5%~100%,
pulse length >200 pus

CW & Long Pulsed: Microwave
power
Short Pulse: Plus Chopper

Energy

40 keV

Well water-cooled three- electrode
extraction system

Beam Current

> 30 mA

Normalized rms emittance at
LEBT exit

<0.20 Tt mm-mrad

H+ fraction

> 80%

Stability

24h

PKU standard PMECR ion
source(SMIS) ‘ﬁ

Twiss parameter at RFQ
entrance

a=1.484, B=5.622cm/rad

Mismatching degree of
TWISS parameter

<30%

Two solenoids LEBT + SCC

Raise/Full edge

X ¥

25



» A screenshot of H* injector

1 AN

Faraday Cup

lon Source

i -
|
pr—— ||

ST 1&2 E-Trap
Chopper

Microwave system

Flange

HV break \

\.[E

for test

mass b
flow meter
HV cooling
H, water
& q
Ar
i . T <
B : = |
ii I Breety




B4 > A Photo of AB-BNCT H* Injector
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ﬁmtl
Accessory,

| ITTRES

= Y= FC2

- S

L , 4-phase
aperture

ACCT

o

——————
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Microwave

system
i =

o

- & &

bd

HV

Water for source
body cooling

b -
1 S  \ -~
gy g g O By g =
| N 1 LY -+



> The Performance of PMECR lon source at 200 Hz

Duty factor[%] Total Current[mA] H* faction[%] Emittance[n-mm-mrad]

10 62 91 0.092
100Hz/10% 60 91 0.094
20 61 90 0.093

30 66 86 0.103

40 64 94 0.103

50 61 85 0.105

55 62 87 0.105

60 58 83 0.107

70 56.6 86 0.106

75 53.6 86 0.106

80 51 84 0.106

85 50 83 0.107

85 0.106

87 0.110

85 0.112

29
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: 66mA, H": 91%

| gl

Meas

T
sure PramoiC P2fralCT) P3--- P [ P [ P
s

Duty Factor: 80%, Ir: 51mA, H*: 85%

1 q.‘ TELEDYNE LECROY

RF Signal |

PT:base(C3) PB:rise(C3)

P10kok(C3)
725 my 247TmV 10453756 ms
=

P2:amol(C3)
725 my

P3:max(C3) P4minC3)  P5sdeviC3)  Pmean(C3)
478 m\ 247 my 74mv 109 mv

Duty Factor: 20%, I: 61mA, H*: 90%

YR TELEDYNE Lecroy
Evorywheroyoulook

. RF Signal

FC1

Measure Plokpk(C)  P2amol(C3) P3max(C3) P4mnC3)  PSsdev(C3]  PEmean(C3)  P7-base(C3) Prise(C3)
6 mv 616 mV. 3BImV my 75my 69my 3: 1558346 us
v E v v v £

200 mVidiv| 10.0 Vidi|
355.0 mV| 7

Duty Factor: 95%, Ir: 51mA, H*:87%

Q\TELEDVNE LECROY

n RF Signal R

T
Measure Plokok(C)  P2amol(C3) P3max(C3) P4mnC3)  PSsdev(C3)  PEmean(C3)  P7base(C3) PBrise(C3)
mv 25 mv 438 m) my 74 my 18 mv. 7 mv 407.0382 us
E x

Duty Factor: 60%, Ir: 53mA, H*: 83%

R
LXK

’ TELEDYNE LECROY
Everywhoroyoulook.

RF Sig}nal:

Measure P1:0kpk(C3)
645mV

CW beam,

T
P2:amol(C3)
5 my

P3max(C3)
399 my
v

Pdmin(C3) PTbase(C3) PBrise(C3)

PSsdev(C3)  P6mean(C3)
74 my 78mV mv 75.0363 us

v

Ir: 58mA, H*:88%

TELEDYNE LECROY.
Evoryuhercyoulook”

RF Signal

PlampiCh
4my

100V
.15 V|

P2frea(Cl) [ Pe P5-o PG Pl PB-




ﬁ . TELEDYNE LECROY
Ever

ahereyoulook

Total Current Operation Parameter:
e Gas flow: 2.7sccm
Peak RF power: 1470W

- Yellow line: Microwave signal

Green line: Total current

1

|

. T___
: ' *L—— Blue line: Ion species
, ] | N | | Result:
| S SN F RS S T ——— Total current: 56.6mA (above)
it e e . M H*:H,":Hy* = 85.4%:11.9%:2.7%
H* current: 48mA

TELEDYNE LECROY TELEDYNE LECROY |
“ Everywnereyoulook ’ Everywhereyouiook H q TELEDYNE LECROY

nal Hy* S ,

= = Fy
P1:pkpk(C3) P2:ampl(C3) P3:max(C3) PA:min(C3) P5:sdev(C3) P6&:moan(C3) PT:base(C3) Pg:riss(C3) P:pkpk(C3) P2:ampl(C3) P3:max(C3) PA:min(C3) P5:sdev(C3) P&:moan(C3) PT:base(C3) Pg:risa(C3) P1:pknk(C3) P2:ampl(C3) P3:max(C3) Pa:min(C3) P5:sdev(C3) P6:mean(C3) P7base(C3) Pairise(C3)
291V 209V 19 mV 2292V 137.7476 us 100V 460V 0.6V 222 mV 253V 336V 55300 us 85V 881V 86V 207 mv. 732 mv 650 v 207 v 19,1352 us

v v v v v v £ 3
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» Accessory for [ Choppe '
LEBT tests 4

E-Trap

aperture,
¢4 mm
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..........

EMU (Slit-grid
emittance
measurement unit).

€ Total beam current
€ Beam profile

€ Emittance

€ TWISS parameters
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> Beam currents before/after RFQ entrai
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1519 L H 2024

200Hz / 70%

| §B+ 500

TELEDYNE LECROY
Everywhereyaulook
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RF signal

RF signal

ACCT signal ACCT signal
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0w,
.00 ms/dv] 531 -286 mV|
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> TWISS Parameters at 10% and 80%

RF power 1250W/200Hz/10% 800W/200Hz/90%
Gas Inlet 1.8 sccm 1.8 sccm
Voltage PE/SE 40kV/-2kV 40kV/-2kV
Slolenoids 1#: 140A 2#: 186A 1#: 140A 2#: 186A
Steering Mangnet lgz § 2; 3#: OA4#: OA | 1#: OA|2#: 3A|3#: OA|4#: 0A
FCl1 76 mA FCl1 44 mA
Current ACCT 58 mA ACCT 30 mA
FC2 58 mA FC2 29 mA
rms emittance 0.1029 m mm X mrad 0.1156 m mmXxmrad
Twi EMU (25) -5.587 %) -5.267
wiss at 8, 0.7032 m/rad 8, 0.688m/rad
Twiss at RFQ o 1.285 o 1.128
entrance b 0.05788 m/rad b 0.08971m/rad

Mismachting degree 12.7% 18.2%
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> Primary result at RFQ exit, June 2024

40 keV 1.8 MeV > 20 mA 3.0 MeV

HEBT Target

42 mA 33 MA 20246

NO SPARK comes up untill now!
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1 5. Summary and OQutlooks

7[ Window type: 2.5kg J
)

Antenna type: 1.5kg }

e _-:,{ Source body: 7kg ]

Source { WHole Soutrce: 18kg }

N

N
Rae
~

&

B

7%

F

~ |

Family ——[ Source Body: 9.5kg} MarCh 2023
(o] e sowcer o) DTL:14.4mA/7MV!
[Totted Antenna |
——;[ T o) The results is much befter than the
C2+/03+ machine wanted 12mA.
1 a3+ —[ Whole Source: 20.5kg ]

PRUIS June 2024

RFQ:33mA/1.8MV!
SMIS | c-RFQ, He+ 2013 |

mis | The results is much better than the
Application | [pwa, H+, 2013 | machine wanted 20 mA.
—[ Proton Therapy, H+ 2020 ]

| sFrFq, 0+, 2006 |

| PKUNIFTY, D+, 2010 |

e
£

[BNCT, Hy, 2023 Near future
(NeutorTube A New more Compact CW Ptoton
MMIS Applicantion 4- Injectors will be built for dynamitron
type LINAC for BNCT.
- H- Application — -
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PKU 2.45GHz Microwave Driven Permanent Magnet lon Source Family
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