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Electron Beam & X-ray Source Design

» Bremsstrahlung & Characteristic X-ray from field-emitted electron

Designed X-ray source
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Diagnosis / Purification design

Your X-RAY showed a
broken rib, but we
fixed it with Photoshop
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Bremsstrahlung Yield Framework Study

Counts [A.U.]

X-ray energy spectrum comparsion
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» Soft X-ray source(< ~ 10 keV): Bremsstrahlung >> Characteristic X-ray

» Optimal thickness: balance between X-ray production & attenuation

» Experimental & Simulational & Theoretical framework

The X-ray spectrum detected at a different distance
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Anode thickness optimization

X-ray Photon Yield in respect to Anode thickness
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cathode

anode

Empirical model suggestion
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Yield vs. Thickness for W

attenuation only

electron particle transfer -

= = electron energy transfer
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X-pinch to Z-pinch
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= SNU X-pinch: 100 kA / ~ 500 ns rise with -50 kV charging Spark gap switch design

» Designed trigger spark gap switch
» Plan to upgrade ~ 1TMA LTD Z-pinch system till 2028

Trigger electrode

Marx + IGBT + optical

trigger(insulation)
Z-pinch on aluminum can SNU X-pinch Design

Trigger electrode
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(a) Vacuum chamber Rogowski groove

Cathode

Before ignition
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After trigger
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After breakdown
of the first gap

Copper bus-bar
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Cylindrical Magnetron Type Test Chamber of IECF
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Neutron source using D-D fusion in IECF(Inertial Electrostatic Confined Fusion) chamber
Cylindrical DC magnetron type: compact, low pressure operation

Prototype(100¢ 100T) - Advanced type (600¢ 600T)

Effective fusion energy Cylindrical plasma source & Advanced IECF chamber design
after CX reaction energy loss Beam extraction image
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In-situ Cavity Cleaning Research

» |In-situ Cleaning RAON HWR / SSR cavity using Ar/Ne + 0, plasma

» Checking proper RF eigenmode range of cavities with CST eigenmode solver

Plasma Cleaning Schematic Ar + O2 Plasma Ignition in SSR Cavity (PIP-ll as reference)
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Supplementary materials

ISBA 2025
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Theory in anode - Bremsstrahlung

—

Intensity I, (arbitrary units)
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= Double differential XS for Bremsstralung: Seltzer-Berger model modified by Tsai

- -10% difference in Born approximation under 2 MeV

= Filtered thick target spectrum in X-ray tube

Iy

- Deformed Duane-Hunt law by low energy particle shielding

thin

e|

Duane - Hunt law: [AVma = E|

Iy = 1y for hv < AVmax

Iy =0 for hv > hVmax

Photon energy hv

X-ray spectrum after penetrating (a) thin target (b) un-filtered thick target (c) filtered thick target
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Theory in cathode — Field Emission

» Fowler-Nordheim model deduced by tunneling transmission rate under Schotty effect
- relation between (J, E): unmeasurable

» Performance: Field enhancement factor g & Effective emission area 65 for new relation (I1,V)

0 = Fowler-Nordheim model (FN model)
\\\ /eEx 4 5 ¢3/20 (\/ﬁ)
X J = Apn €xXp |—Bpy
N -eEx-e*/4x E ¢
(Ee®)"? / \<(>a)
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a""AFNW
|
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8S =4 x107Y7b2(1/V?) 1 y=¢

Field emission electron principle diagram
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Diode Tube Monte Carlo Simulation

= Assumption: 10 ¢ planar beam incident to tungsten target and beryllium window

= lasma, Radiation & YIS (couL NATIONAL UNIVERSITY
2 on Sources Laboratory

» Estimation: 1) Energy spectrum, angular distribution
2) Propagation, deposition in the air

= Key factor: Anode characteristics The diode tube simulation diagram

Skematic view commercial diode tube
(aweXome Ray)

J

Tally (Data Acquisition) :
Surface flux at the rear of
Be

10.0 mm < »Be 0.2 mm
W 0.2 um A
e 18mm
. A 1}() (b
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E v
=
S
m
) ‘ ' . 0.1 — 2.5 um thick W target
| 6.0 mm

I

0.2 mm thick Be window
04mm
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X-ray Energy Spectrum

= Observation of continuous X-ray and characteristic line produced by tungsten target e I e
-
cathode anode air
X-ray energy spectrum on 2.5 ym W/ 0.2 mm Be anode Characteristic X-ray line of Tungsten
10 : : :
= MCNP6 Total : 7.43 x 10 1|5 N Energy (keV) Characteristic
"|—e— Geant4 Total: 8.99 x 10 ] |Bremsstrahlung .
Spectral Line
— 10—9 il bl i e :i::::l 1.78 M(l1
£ , .;,,;jgl 7.39 LI
=, i | D 8.33 Lay
§ 0 Ma line || || | 8.40 Lo,
g 10 . |||””\II ---- 9.67 LBl
= I l|h il ' 9.96 LB,
: I\V' '||”||||m s -
. aq
1012 L— - . 67.24 KB,
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X-ray Energy Spectrum Validation

= Agreement between simulation result and experiment Distance oM )

= Average 4 keV energy — about 60 cm operation regime H0em o0l 00 1”9'6 em  X-ray e-folding length in air
60 cm 4,901,768 12.4% 3 kCVZ 5cm
80 cm 734,591 Lseoe 4103 cm 4 keV: 10 cm
100 cm 131,866 0.33% J' ~11.6 cm 5keV: 20 cm

The X-ray spectrum detected at a different distance

10° ——— T e X-ray propagation & deposition in the air
i 5 kevl — 40 an i
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Position from Z-axis (mm)
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X-ray Characteristic by Tungsten Targgt&as iz,

= Thinner anode thickness, higher emission & broader energy spectrum

= Until unfiltered anode condition: 1.1 Range (120-150 nm)

X-ray fluence per unit incident electron Theoretical electron range in tungsten target

L2550 pm| L 10°
10 ; 1-25 “m A ARRAN
— [—=—0.75 um 10°
= 107 Ff——025um €
2 : c ..,
3, — 10
v 107 S
5 SR
= c 10
= 10710 gl o
5 E S —o— MJ Berger
—_ L () 2 .
= . ] o 10 - - - MJ Berger(fit)
& 10 - Thick . o S Andrii
: ] 101 - - - S Andrii(fit)
1012 | —— G Wilson
é L L L L L - 100 S B L el |
00 05 10 15 20 25 30 35 40 45 50 1 10 100 1000
Energy [keV] Incident electron energy (keV)
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X-ray Heel Effect by Tungsten Targeg& 1 e, ™

= Thinner anode thickness, broader angular distribution W Thickness 90% 99%
[pum] Threshold  Threshold
= Explanation using Heel effect 250 =450 =60°
1.25 ~56° ~72°
0.75 =62° =74°
One 5 keV ¢ incident on W
012 i | i | i | i | i | ' ' ' 0.25 ~72° ~81°
| —e— 2.5 um Normalized }
0.10 |- —° 1.25 um Normalized | Skematic view of Heel effect
| |—°—0.75 um Normalized T in transmission type anode
o I Thin
Z 0.08 , rhin.
S ~ Thick W L}ﬁ |1 A
E I Yabsorbed
L; O 06 QN ﬂ Thi]l XY T TTTT J_ v @ /_\
2 % 8
= 0.04 T
0} — ic
S € Yiransmitted ﬁ-\r:Odke
" A‘I\
Transmit regime 9
0.00 I = IOexp('l"' I'effective) in this mode

0.0 01 02 03 04 05 06 0.7 0.8 09 1.0

cos 0
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Field Emission Characteristic

= Exponential current increase along voltage sweep

|

’lasma, Radiation &

3
- Brn¢2
] = Apn¢ ' B*E?exp <_M>

- Enhancement factor f~2000 / Effective emission area §S ~ 0.5 um?

» Estimated space charge screening effect over ~ 150 mA

I-V curve & FN Plot on commercial X-ray tube

3.5

3.0

25

1.5

Current (mA)

1.0 F 2l

0.5

0.0

- 8- Sample 1

20 #r

8- Sample 2
8- Sample 3
= - Reference(aweXomeRay)

Sample1
Sample1
< — = Sample1 Fit
VR Sample2
N X Sample2
N A Sample2 Fit
NN Sample3
v % Sample3
AN — —Sample3 Fit

-29
1.5E-4

B'/
.m_l_mTEB ] 13 |B . 1

1
2.0E-4

1
2.5E-4
1V Diode [V]

1
3.0E-4

3.5E-4 7,

83%

i
Ha
{1/,

Pnu
o
o

3.0

3.5

4.0

4.5

5.0

Voltage (kV)

5.5

6.0

Current (A)

BE

FN Plot deformation in high current region

2.0

—
)

—
o

ot
o

0.0

ETE

- Es[
ek

E10 L

EA1 [
SE2
L Yeas]
ZEME
1E5 L

116 L

1E7

1E19 |

[ —®— Simulated FN-plot
| B8 Ideal FN Plot

1E-20
0.0000

U.UE]UZ 0.0004
1/Potential (V')

— ®— current

Voltage (kV)

R o
1 R e
X SEOUL NATIONAL UNIVERSITY

on Sources Laboratory
&

18/6




Power Source
Repetition Rate

Plasma Pressure

Neutron
Production Rate

Pulsed / -80 kV / 15A
4 Hz /20 ps (0.008%)

0.1-10 Pa
(1-100 mTorr)

7.4 -10° n/s
(CW: 5.9 - 10° n/s)

CW/-60kV/10mA

] S M = o g om
ol © ol 3 AL S ’lasma, Radiation & B scouw mamionac unversmy
%;I O_II'I Ou xo xl TE o ool: on Sources Laboratory@
- O 1 0? Chamber Pressure: 1.0 mTorr D,, HOMER Runs 3788 - 3811
= 20244 7|ETIT X Uw 7|E0| X[ Q —
[
-+ — 4x10° |
« 2-Er2O 2ot 7|10 =5 2 10° 1 = _‘
(a4 =N :
s 10° 8 a0t | 4
9 1 0 - o ; :
15 5 % :
"g 4 - §2x103 - « 1
o 10 e ru
& E .
= 3 =T Cathode Voltage e
° 10 == v —70.0kV O —40.0kvV B —250kV7| g x10°} i , ,
= O —60.0kV 4 —350kV & —200kV | Z $ oW
o A _500kV v —300kV ® —150kV o im0k
e 10- oL ) ) oLy m 1TORY
. 5 10 50 10( 0 0 10 20 30 40 50 60 70 80 90 100
Cathode Current [mA | Cathode Current [mA]
TIT (2009) TIT (2006) UW (2007) UW (2018)
Plasma Source Cusp B field Cusp B field Hot filament electron injection =~ Hot filament electron injection
(Electron Loss D-D D-D (6 filament) (6 filament)
Control)

CW/-145kV /35 mA CW/-190kV /98 mA

1 — 100 mTorr 0.3 Pa I mTorr
(2 mTorr)
2.1-10%n/s 2.0-107 n/s 3.8-10% n/s (~10s)
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1) Beam - Background DD fusion ~ 0(1072° cm?)

2) Coulomb Scattering , lonization ~ 0(10716 cm?)

> Geant4 A|=20|MZ 0|85 T, H=2 HR0A of| x| Z2 FA 7k (<<1 %)

3) Charge Exchange ~ 0(1071¢ cm?)

Energy Loss Mechanism

10-77 10
— D-T
— PP Charge Exchange
— sl N _1'1H0 — 10" F
— p—B NE
. — T-T
Q*e DD Fusion e —
° — 102 PHe - He g 10k
o =
= Q
) 0
—30 -21
6 10 8 10 L
a_,m lonization o lonization
AW e v © 10k 3
E Coulomb Collsion E
s (Single large angle deflectio L
1[}_7121 li} ‘ . l[l][] 1000 10'23 PETETWRTTY | 2 2 s aasdy 4 a's saasy 2 2 swasasl L4 s asasy
G_@ o_. Charge Exchange E(CM) eV 10° 10’ 10° 10° 10 10°

H' Energy [eV]
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(Resonant) Charge Transfer
1) D*(fast) + D,(slow) - D(fast) + D5 (slow)
2) DS (fast) + D,(slow) - D,(fast) + D5 (slow)
20 — 150 keV S0 100 % X} L0 A ZAL

CX cross sections (zoom: 1 ~ 150 keV/amu)
Mean free path vs energy (P = 0.1, 1.0, 10.0 mTorr; T =300 K)
10 —
D +D " 4D 4
r 0.1 mT D 0.1 mT
10 — 2@ mTorr - -0 2@ mTorr y
o + /
e D+ D @ 1.0 mTorr = = =D D @ 1.0 mTorr 7
2 2 2
10 L P
p *D @ 10.0 mTorr b +D @ 10.0 mTorr
2 2 2
_ 10 °
~
£ s —
S 4 5
5 —~
S 10
10 L
10
2 2 i r
| . L R | ] 10 ° L L PR S S S | L L N S S |
10 ° 10 10 ° 10 ° 10 ' 10 °
E [keV/amu] E [keV/amu]
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Influence on Charge-Exchange(CX) in IECF

CX distributes kinetic E of incidence particle > Effective fusion energy loss

Low pressure(<1 mTorr) operation required

D Energy Dist D, Energy Dist
s e e D*(fast) + D,(slow) = D(fast) + Dy (slow)
" DS (fast) + D,(slow) — D,(fast) + DS (slow)
Gap=15mm -
] (Weighted) Effective Energy
P=1 mTorrg 100 —
o a0 _
80 |-
_ o}
curas % L
X 60
W [—8—Gap=10cm
é’ | —©— Gap=15cm
8 40+—4A—Gap=20cm
i  —%— Gap =30 cm
30 | o
| (upper limit) Effect energy
20
= 2
10+ — \/ZD,D+,D2,D; Ei pi
o | 1 M TR A | 1 M T | 1 M T |
1072 10" 10° 10’
Pressure (mTorr) 22/6
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Al=d|o| M A1}: oL X] 2=

D" (fast) + D,(slow) — D(fast) + D3 (slow)

AL

1% = D: bell shape distribution
1= =4 D,: right-tailed distribution D3 (fast) + D,(slow) = D,(fast) + D3 (slow)
UDD"’EZ O|EZ CcX IS MES4+E X|&

D* CX count D2 CX count D Energy Dist Dz Energy Dlst

Charge-exchange counts as. rals (from D L neutrals (from
Charge-exchange counts as D .

Gap =15 mm

P=1mTorr : |

H
5

fraction (%)
fraction (%)

fon fraction (%)
&

P=5mTorr . ~ :

o fraction (%)
fon fracton (%)
fraction (%)
raction (%)

#0f CX while species = D
#0f CX while species = D.
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Effective Energy Calculation

(upper limit) Effect energy = /Z Efp;

D3 (fast) + D,(slow) — D,(fast) + D3 (slow)
D" (fast) + D,(slow) — D(fast) + D3 (slow)

/ .

Gap Pressure Ion D+ Neutral D Ion D2+ Neutral D2
(cm) (mTorr) E & Proportion E & Proportion E & Proportion E & Proportion Effective
Energy
15 cm 10 100 keV 31.66 keV 39.96 keV 19.54 keV 36
0.09% 99.91% 99.1 % 145.26 % 39.
15 cm 5 100 keV 42 35 keV 24.04 keV 22.13 keV
3.31% 96.69% 96.69 % 58.48 % 45.89
15 cm 1 100 keV 57.73 keV 40.22 keV 22.83 keV
50.66% 49.34% 4934 % 4.45 % 72.43
15 cm 0.5 100 keV 60.23 keV 38.88 keV 24.53 keV 83 04
71.51% 28.49% 28.49 % 1.05 % .
I15cm 0.1 100 keV 61.03 keV 38.76 keV - 95 91
93.81 % 6.19% 6.19 % .
15 cm 0.05 100 keV 62.19 keV 37.59 keV - 09.24
96.74% 3.26% 3.26 % .
15 cm 0.01 100 keV 60.52 keV 39.49 keV - 99 86
99.40% 0.60% 0.60 % .

24/6
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Plasma Generation
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- MHNOZ S0, ] kH AR U B4 YRS
- SHH YRS TH > B O'xr°| 0|23}, 5% URE A > 2Kt S YA TH -

M X} AtEfl(avalanche) 4 © 2 S2t=0} YA

» Ct2 BEAIO] Z2t=0}F 8™ =X|: X}, o5 X| balanceZ AH

External Field E Electron

@ —

Cold Electron Hot Electron
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|
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|
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2
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)
S
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Electron Acceleration Collision & lonization (Cold) Plasma
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Plasma Reaction on Surface

Sct=0r 48 BitE: A 0] =,
= M| Cfof HAS| 2t
1) & Xt balanceE ¢

=
2) 2tC|Zol =2 22 HHI EHE

1018 " Ftch
| gas
Etch

\ product |
—; Frae l .

L
(crm—3)
1012 —
~300 K ~ 30000 K Physical
Plasma Plasma Few eV ~ 100 eV
- ions electrons Bombarding
108 ‘ I | .
10-2 1 102
Tor{&£Y{V)

Byproducts & Particle Energy

SNU
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65 Al 2 o o
¢ fn A-I =tC ul
YEEEY  SEOUL NATIONAL UNIVERSITY

d > O|20| EHO| 7t=%35H bombarding: Physical process

: Chemical process

Reaction Model {Scenario): @ @

O(‘:’} +C {S) adserptlan o
C-0 > CO(g) Kq K Ka| Tk
' descrptlon =

ion+C:0 ———>CO(g)
| Telt | 0 |
P T o e R i G P T AP

C(s) CO(s)
Chemical Thermal Physical
Absorption Desorption Desorption

do
PP Konps(1—0)— K40 —Y;Kin; ;0

Langmuir Absorption Model
26/6




lon Beam Assisted Chemical Reaction

» Etching gas only: 2XeF, + Si(s) — SiF,(g) + 2Xe(g) — pumping

= 2|5 Art ion beam: Sputtering2 £ physical etching

= Set=0rWHo = B oot AZF tHAll + sample =& Y M7

lon beam + Etchant (RIE)

lon

— Source Reservoir

Capacitance
Manometer

Microbalance

Silicon Etch Rate (A/min)

100

(o <)
(=]

o
[=]

L
=

]
[=]

0

XEFz
Gas
only

Art Art
len beam lon beam
+ XeF, Gas only

-I-.

.-1

] | 1 1 “P""-M-'

100

300 500 700
Time (Seconds)

900
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Plasma Itself

e+ CF, - 2e+ CF; +F To sustain plasma

e+CF, e+ CF;+F _ _
e+ CF, - e+ CF,+2F To make reactive species

Si +4F — SiF,(9) To etch & pump volatile silicon

Cleaning directionally Cleaning all surface over
fon beam

by peom
7

Py
Implantation
object

Z,

SIS

N

Implantation
object

AR
N

Sheath

Vacuum Plasma
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Plasma Cleaning Mechanism

» Electron /lon/ Radical?| E#™ HI32 0|83t HEH MH
» Radical — chemical reaction2| MEHH . i} = BIg > 2™ J7fA M EHe
|2 2 9t JEATEA HE

= 1935 H A Plasma cleaning paper

Cleaning Mechanism of Plasma Components

Plasma Cleaning Schematic
L' | Plasma ) Plasma Cleaning Target Cleaning method
| l : Components
- e — Flectrons |Physiosorbed (~0.2 eV /600° C) Heating(Drying)
@lons)  (Radicals )  (Electrons) Light Chemisorbed (~ 2 eV)
I 1 l Ions All Contaminants Sputtering
-;Spurrfﬂ'ng; R F n'hfng-: Qﬂm# - Heating i (p rotrusion flI’St) R(nm/s) - YVJ/q
: i | : 1 Y = sputter yield
V = atomic volume
l’ . J/q = Current density/electron charge
( Clean surjace ] Radicals Specific Dielectric / Metal Reaction with
> Main pl asma gas selection Halogen-, hydride-, methyl- compounds
28/6 |
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Tesla Cavity Test: Single Celi

—e— Frequency (Mutple Modes)
—&— Total Energy (Mt Modes)

» PeriodicBC 8&

Mode 1(M1) Mode 2(D1) ) Mode 3(D1) Mode 4(D2)

Mode Number

R

Periodic Single Cell Eigenmodes [DESY]

type | band # | fo / GHz | f, / GHz
1 1.2755 1.2996
1.6197 1.7920
1.8877 1.8261
2.2996 2.3223
2.4576 2.3789
2.4903 2.4699
2.5782 2.4713
2.6704 2.7730
3.0333 2.8134
3.1231 3.0802
3.2096 3.3119
3.3419 3.3595
3.6204 3.4443
3.6603 3.3871

Mode 8(M2)

Mode 5(D2) Mode 6(Q1) Mode 7(Q1

Mode 8 E-Fi
cccccccc

ield
a
;;;;; o 24
aaaaa 0
Maximum (Solver) 2

166078407 V/m

Mode 10(Q2) Mode 12(D3)

Mode 11(??)

oo ZEoOoZOoOD TR

e = O 0 Ot e W W =D

sssss
sssssssssssss
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Tesla Cavity Test: 9-cells

= Monopole(M) passband

SNS elliptical cavity: 6-cells

Mode 1 E-Field &
Frequency 1.27501 GHz
Phase 0°

Cross section A

Cutplane at X 0.000 mm
Maximum on Plane (Plot) 6.89285¢+06 V/m
Maximum (Solver) 6.893176+06 V/m

1st M passband - 15t mode(r / 9)

Mode 2 E-Field @
Frequency 127631 GHz
Phase 0°

Cross section A

Cutplane at X 0.000 mm
Maximum on Plane (Plot) 7.11999e+06 V/m

1st M passband — 2" mode(2m / 9)

Maximum (Solver) 7.1202e+06 V/m
2 ORI
z{‘{ _/‘w}'\-\ Sy,
o 1 L Gy s
p-se 2\ F J
i St by ;
> & A”}J)—'"—'l r -\w—..a
- t.
. = ‘wmt
. Sopp oy b ey “ >
S ﬁ caf e
= iy I Y b ¥ e
o

_NN

=2

Mode 3 E-Field

Frequency 1.27858 GHz
Phase 0°
Cross section A

Cutplane at X 0.000 mm
Maximum on Plane (Plot) 7.20859+06 V/m
Maximum (Solver) 7.304262+06 V/m

1st M passband — 3 mode(3m / 9)

*

»
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TMO010 Eigenmode spectrum of 9-cell cavity[cornell]
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Mode Number
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Tesla Cavity Test: 9-cells

Mode 4 E-Field
Frequency

Phase

Cross section

Cutplane at X

Maximum on Plane (Plot)
Maximum (Solver)

Mode 5 E-Field
Frequency

Phase

Cross section

Cutplane at X

Maximum on Plane (Plot)
Maximum (Solver)

Mode 6 E-Field
Frequency

FPhase

Cross section

Cutplane at X

Maximum on Plane (Plot)
Maximum (Solver)

B

1.28173 GHz
oe
A

0.000 mm
7.45068e+06 V/m
7.45505e+06 V/m

1st M passband — 4t mode(4m / 9)

4
i R 4 L A
£ | e | Rt el W |
o ; 22
o
= = 33y
jrasssaeey Frasesag -
3 g
T e DR w \mf
X >
@
1.2855 GHz
o-
A
0.000 mm

7.40542e+06 V/m
7.40633e+06 V/m

o

4
ad

1y

AN
;
~

B
)

VES 3y

ot
7%

3

.J_‘_“‘4 o
STl

q

1.289489 GHz
0°

A

0.000 mm
7.26208e+06 V/m
7.7758%e+06 V/m

1st M passband — 6t" mode(6m / 9)

M/m
6.88e+ 06
Be+ 0B
Be+ 06
de+ 06
3e+ 06
2e+ 0B
1e+06

L.

V/m
B.88e+ 08
Be+ 06
Se+ 06
4e+ 06
e+ 0B
Ze+ 06
Te+ DB

L.

V/m
6.88e+ 06
Ge+ 06
Se+ 0B
4+ 06
3e+ 06
2e+ 06
1e+08

L.

amplitude (cell #1) [dBA]
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Eigenmode spectrum of 9-cell cavity
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Eigenmode spectrum of 9-cell cavity
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Made 7 E-Field & H =
Frequency 120325 GHz ll —
Phase 0* o
Cross section A 2 E
<

Iy _

Cutpane i x 0000 mm 1st M passband — 7t mode(7x / 9)

Maximum on Plane (Plot) 7.37599e+06 V/m

Maximum (Solver) 8.307378+06 V/m
W/m
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Mode 8 E-Field

¥
Frequency 1.29632 GHz

Phase ['A

Cross section A 2

Mot on Pl Pt} 7784870000 v/ 1st M passband — 8t mode(8m / 9)

Maximum (Solver) 270373e+06 V/m

i 5 e S 5 0 0 0 852
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1275 + freerie
Mode 9 E-Field o

Fraquency 1.29833 GHz ﬂ £ - | 2 ! B B s
Phase [N L —_— N R R e S e e
oreax - oooomm 1st M passband — 9t mode(r) 1270 e : i

Maximum on Plane (Plot) 8.02812e+06 V/m a
Maximum (Solver) 8067482406 V/m
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Tesla Cavity Test: 9-cells
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« 2 = LHE(COMSOL)1t CST A|Z2i|0] 42| HOMs passband & & 2X|

Locking Mode (Mode 3)

Mode 7 E-Field ]
Component Abs

Frequency 1.67467 GHz
Phase 0°

Cross section A

Cutplane at X 0 mm

Maximum on Plane (Plot) 8.63743e+06 V/m
Maximum (Solver) 1.12397e+07 V/m

Mode 1-6

Mode 3 E-Field a
Component Abs

Frequency 1.70041 GHz
Phase &

Cross section A

Cutplane at X 0 mm

Maximum on Plane (Plot) 9.23537e+06 V/m
Maximum (Solver) 1.34378e+07 V/m

Mode 1 E-Field &
Component Abs

Frequency 172818 GHz
Phase 0°

Cross section A

Cutplane at X 0mm

Maximum on Plane (Plot) 9.22096e+06 V/m
Maximum (Solver) 1.33582e+07 V/m

Transfer Mode (Mode 2)

Mode 1-3

Mode 15 E-Field C
Component Abs

Frequency 1.63443 GHz
Phase 0°

Cross section A

Cutplane at X 0 mm

Maximum on Plane (Plot) 8.83339e+06 V/m

Maximum (Solver) 1.33219e+07 V/m

Mode 1-4

Mode 13 E-Field o
Component Abs

Frequency 1.65234 GHz
Phase 0

Cross section A

Cutplane at X 0 mm

Maximum on Plane (Plot) 8.90664e+06 V/m
M, m (¢ 4093e+07 V/m

008, 0080

Mode 23 E-Field &
Component Abs

Frequency 1.84941 GHz
Phase 0°

Cross section A

Cutplane at X 0 mm

Maximum on Plane (Plot) 6.97799e+06 V/m
Maximum (Solver) 1.14136€+07 V/m

o |

SEOUL NATIONAL UNIVERSITY
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Multipole Dual-Tone Ignition [LCLS 2019]

= SNS 24l: Monopole dual-tone = High coupling T |
= 5 K| 2R HA
1) HOMSs superposition: X1 E4 & cell ignition

2) Plasma bridging: cell ignition & neighbor cell2| ignition 212 £ 25

= Plasma control: intensity, hosting cell location, plasma detection Peak Electric field in kKV/m

SNS HB Cavity LCLS-II Cavity
Cavity Q ~1-10* ~1-10*
50
Power Coupler Q gyt ~7-10° ~ 4107 ' 40
Coupling Strength High Low 2 Pewp T2 Epeakantenna T
Wave Mode for Monopole (m-mode) Dipole _ ——
Plasma Cleaning 15t passband 1st, 20d passband Cavity Peak Field: 10 kV/im

- Dual-tone(fundamental) - Superposition Antenna Peak Field: 90 kV/m
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Plasma Bridging with Multipole Dual-Tone [LCLS 2019}

" o Initial Host (Mode 1)
- BH M H > Ho BES 0|80 O] bl »
Mode 2-1 (Host

1. Stabilize plasma in cell M with MODE]. i . o o o . . ode 2-1 (Host)

2. Superimpose MODE2 to bridge cells M and N.

3. Turn off MODEL. +

4. Turn on MODE3 to Jock plasma in cell N.

Mode 1-5 (Lockin
Host(H) Transfer(T) MODE_H MODE_T Locking 0 o o o o ( 9

Cell M Cell N MODE! MODE2 MODE3 > Cell 5 @} ------ r-va-e -----
5 5 2-1 1-5
5 4 1-5 1-4 1-6
| 3 1-6 1-3 1-5
3 2 1-5 2-2 1-7 Locking Mode (MODE 3) Transfer Mode (MODE 2)
2 1 1-7 1-3 1-5 a)l
1 2 1-5 1-3 1-7 a);
2 3 1-7 22 1-5
3 8! 1-5 1-4 1-6
L 808090 -WC-QGC@-OOC-@—
5 i 1-5 1-3 1-6

l 6 1-4 1-5

= o ORCORO Mode 1-6 O €9 O Mode 1-4
?E ig | Qo000 Mode 1.7 | 1008 000" VMode 2.2
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Ar discharge using HOMs
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