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Outline

Properties of rf breakdown in waveguides and
traveling wave (TW) accelerating structures

Particle In Cdl (PIC) model, based on “cathode
spot”
Waveguides

TW structures

— lon current dependence

— Spot size dependence

— Coupler breakdown vs. cell breakdown

— Beam pipe current mystery

— Absorbed power
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Main Features of RF breakdown
In TW structures and waveguides

= Complete shut-off of transmitted power

= Time constant of the power shut-off 20-200ns

= Absorbed power 0-80%

=Spectral lines of the light are mostly from neutral
copper atoms (waveguide breakdown)



3D PIC smulation of

breakdown in waveguide

1. Geometry

2. Space charge limited emission of electrons
only

3. Space charge limited emission of eectrons
and copper 1on beam

4. Space charge limited emission of €ectrons,
copper 1on beam and neutral gas

5. Breakdown in magnetic fields



3D geometry of the waveguide
assimulated in MAGIC3D
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Space charge limited emission
of electronsonly

Spot size 1.6x1.6mm, space charge
limited emission of electrons

Time 2.02% ns: PHASESPACE for all particles
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Projection of phase space on the x-z plane




Space charge limited emission of electronsonly

Spot size 1.6x1.6mm, space charge
limited emission of electrons,

average current 40 A

Time 2.029 ns: PHASESPALE for ELECTREON /M Ratie: -1.759E+11
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Projection of phase space on the z-y plane



Space charge limited emission of electronsonly
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Emission spot 4x4 mm, space charge limited emission of
electrons, input power 80 MW, breakdown at 2 ns



Result

|n order to significantly disrupt RF
power spot size should be > 2cm?

Fast transient process ~ns

*~50% of emitted current returns back to
the emitting spot



M odéel based on properties of
“plasma spot”

eSpace charge limited emission of
electrons

eCopper 1on beam with current
needed to disrupt transmitted
power



lons and space charge limited €ectrons

Spot size 1.6x1.6mm, copper ion
current ~8A
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Fast electron motion, projection of phase space on the x-z plane



lons and space charge limited €ectrons

Time 2.600 ns: PHASESPACE for all particles
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lons and space charge limited €ectrons

Spot size 1.6x1.6mm, copper ion
current ~8A
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Slow 1on motion, projection of phase space on the z-y plane



| ons and space charge limited electrons
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Electron current [KA]
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Electron currents and back bombardment power for
waveguide breakdown, 12 A ion current, spot ~16 mm?
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Result

®*|on current determines el ectron current by
compensating space charge of electrons
*Breakdown behavior strongly depends on ion
current and weakly on size of emitting spot
*|ons cross low magnetic field waveguide (10 mm)
the waveguide in ~30 ns

*|ons cross high magnetic field waveguide
(1.3mm) the waveguide in ~10 ns

*Time constant of the power shut-off 10-20 ns
*~80% of emitted current returns back to the
emitting spot

*Maximum absorbed power 50%



M odéel

*Space charge limited emission of
electrons

*Copper 1on beam with current needed to
disrupt transmitted power

*Drag associated with presence of
neutral copper 1ons



Higher power ab

sorption
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Breakdown dynamics
In DC magnetic fields



Electron currents and back bombardment power for
waveguide breakdown, 12 A ion current, spot ~16 mm?

Time 4.216 ns: PHASESPALE for all particles
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Electron currents and back bombardment power for waveguide
breakdown, 12 A ion current, spot ~16 mm?
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=
=

(E-3)

No external magnetic -
fields "

0 3

¥ iml

Time 2.627 ne: PHASEIPALT for all particles

iE-3)

External magnetic
field 3000 Gauss :

T (m)



Rf signals for waveguide breakdown, 12 A ion current,
spot ~16 mm?
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Result

e Breakdown dynamics determined by
lon movement isweakly effected by
~kGs DC magnetic field



Traveling wave
accelerating
Structures



M odél

e Matched traveling wave structure with
coaxial couplers

e Emission of 1on beam with predetermined
current from small spot on iris

e Space charge limited electron current
from the same Iris spot



Spot size
dependence



3D PIC simulations, coupler breakdown, T20V G5, spot ~1mm?
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3D PIC simulations, T20V G5, coupler breakdown, spot ~1mm?
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3D PIC simulations, T20V G5, coupler breakdown, spot ~1mm?

Time 249,958 ps: PHASESPACE for all particles

[E-3)
10
|

|
=Ll ~10 0 10 20
Z [m] [E-3)

iuthor: valery A Dolgashev
LAC, Stanford, CA

evice: TZDWGSG Cest Structure 1
File: r@7sphi.mid

T T T WL S 0.7 I TN A, D £ TG A T

A

Bemarks: Brealkdowm Smlations

V.A.Dolgashev, 6 December 02



3D PIC smulations, T20V G5, coupler breakdown,
spot ~1mm?

80
70~ —
TV
60 [~ / N ]
S 50 / -
=
5 40 / -
3 /
T 3| ) -
10 - ) S~ - —
| | ]
0 0 10 20 30 40
Time[ns]
Input
— Transmitted
—  Reflected rf
150
< 100
[%0]
S
% 50
3 |
8 0 T “W‘vm@nﬁrﬁ;-ﬂrﬂ%ﬂrﬁﬁ% Wmﬂﬂmﬁ%%'ﬂﬂgﬂﬁﬂ#‘ﬂﬁ
—50
0 10 20 30 40
Time[ng]
— Input .
----- Output Beam pipe currents

V.A.Dolgashev, 6 December 02

Current, ions[A], electrons [kA]

30

10

Current, ions[A], electrons [kA]

0 10 20 30 40
Time[ng|
— Electrons
_____ I .
*  Emitted currents
60
50 .
10 a@
%0 * I ;'rg | ‘
S . AT
10 I'kll d Il% gt ."E.'Mf'lr i
0 o .I_,, M, : By W
0 10 20 30 40
Time[ng]
— Electrons
----- lo

Back-bombardment currents



3D PIC simulations, T20V G5, coupler breakdown, spot ~4mm?
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3D PIC simulations, T20V G5, coupler breakdown, spot ~4mm?

Time 250.077 ps: PHASESPACE for all particles
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3D PIC simulations, T20V G5, coupler breakdown, spot ~4mm?
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3D PIC simulations, T20V G5, coupler breakdown, spot

~4mm?
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Cdll breakdown



3D PIC simulations, T20V G5, cell breakdown, spot
~2mm?
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3D PIC simulations, cell breakdown, T20V G5, spot

Time 250.019 ps: PHASESPACE for all particles
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3D PIC simulations, T20V G5, cell breakdown, spot ~2mm?
lon current ~20 A
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Mystery of small beam pipe
currents.

Beam currents through output
pipes during breakdown are small
~100 mA, while currentsin the
cell are ~10 KA.

Why output current are only
~0.001% of cell currents?

V.A.Dolgashev, 6 December 02



3D PIC simulations, T20V G5, coupler breakdown, spot ~4mm?
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3D PIC smulations, T20V G5, coupler breakdown,
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Result

Model of “plasma spot” with ion current of ~20 A
reproduces rf breakdown signals for “ soft

event” (~25% of input power absorbed in steady-state
breakdown) in traveling wave structure

Sensitivity of breakdown rf signal to emission spot
size (1-4mm?) isweek (for the sameion current)

No obvious difference of rf signals between coupler
and first cell breakdowns

To explain absorption of more then 25% of input
power and extremely small beam pipe currents model
need additional assumptions. for example drag and
scattering for electrons on neutral copper gas or
expansion of the emission spot



