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What we have learned at CLIC workshops...
S Calatroni (2007),M.Taborelli(2007),.P.Wilson (2006)
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Rf-accelerating structures for
CLIC and damage observed
during the operation.
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Stage 0: Onset of tip growth; Dislocation mechanism
Method: MD, Molecular Statics...

o %
tﬁﬁ; Stage 1: Charge distribution @ surface
EF Method: DFT with external electric field

Stage 2: Atomic motion & evaporation
it Method: Hybrid ED&MD model

Classical MD+Electron
Dynamics: Joule heating,
screening effect

Solution of Laplace
equation

M Z0 >2=0Xr o

Stage 3: Evolution of surface morphology due
to the given charge distribution
Method: Kinetic Monte Carlo

=> Electron & ion & cluster emission ions

Stage 4: Plasma evolution, burning of arc
Method.: Particle-in-Cell (PIC)

- Stage 5: Surface damage due to the
=> Erergy & flux of bombarding ions  jntense ion bombardment from plasma
Metod.: Arc MD
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E‘| Our basic technique: Molecular dynamics

Simulating atom motion:

Give atoms initial 7= and v(? | choose short At
Get forces F = —V V(r))+ F, or I = F(¥) anda = F/m

Move atoms: r(i+!) = ¢() 49 At + 1/,a A + correction terms
Update velocities: v(*+!) = p(i) +aqAt + correction terms

Move time forward: t =t + At
|

e Repeat as long as you need
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Stage 0: Onset of tip growth; Dislocation mechanism
—] Method: MD, Molecular Statics...

Stage 2: Atomic motion & evaporation
Method: Hybrid ED&MD model

Classical MD+Electron

Dynamics: Joule heating,
screening effect

Solution of Laplace
equation
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il The thinnest tips show the closest to linear proportionality
between the hight and enhancement factor as observed in
> experiment
11 - . T T T T
10 | Emax/EO . LA Qmax/qflat
5 ol 5
E g | & 40
5 Wl S 30 |
£ 61 o =
0] P D
(B “ S 20 A 5 0
< o e i Gl P = s =" 1]
=SS S d=20] = o et AT e L A oy
w 3 I i G e gt d=30 L 3 d=30
e o' ---- d=40
10%554557.5910 0% i R P SR 5 Wi o /i S gl e
Aspect ratio Aspect ratio

Flyura Djurabekova, HIP, University of Helsinki 11



b
A 1y

& s 7 |

_.*@f-{"‘__'
P2
. A’

%-+ The enhanced Fowler-Nordheim
electron emission from sharp
tips leads to a strong electron
current J, through the tip

This in turn will lead to a Joule
heating of the tip

We have implemented Joule
heating of the tip

)

q

Stochastic additional velocities given
to atoms corresponding to the

heating rate from Ohms law
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gy Looking for the plausible explanation

85 | .
of surface roughening and possible
mechanisms we found an interesting

]

fact: there is a large field of research
on such a mysterious phenomenon

as whisker growth.
time 0.0041 ps
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- The main agreement in the field is that the rapid releasing

of microstresses, which is generally present on grain

boundaries and can be enhanced by any external agents

as mechanical treatment or T-cycling, the migration of

defect complexes is stimulated.

The strain by the huge
electric field can cause
the dislocation motion
and redistribution
of the microstress.
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The dislocation motion is strongly bound to the atomic structure
of metals. In FCC (face-centered cubic) the dislocation are the

most mobile and HCP (hexagonal close-packed) are the hardest
for dislocation mobility.
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Plasma simulations in collaboration with CER
(S.Calatroni) (cf. talk at by H.Timko, WG4 15.10: 14:00)

Cathode

| below critical isti i
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m jonisation avalanche
m separate current peaks for
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0.6,
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same behaviour
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0 GV L
Ejoc =10— m ionisation avalanche
m ® current peaks for FE and
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Stage 5: Surface damage due to the
intense ion bombardment from plasma
Metod: Arc MD
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D

lon fluxes leave rims of peculiar shape

Damage caused by thermal heating in Cu, 100 ions, on r = 15 nm spot DC arc plasma damage in Cu, 100 ions, on r = 15 nm spot

time 0.0041 ps

Helga Timké (2009) “ X
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time 0.0041 ps

Helga Timké (2008)
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AFM measurements of single spark even
produced at CERN




Crater shape profiles from experiment and @
simualtion (submitted for publication)
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We develop a multiscale model, which comprises the
different physical processes (nature and time wise)

probable right before, during and after an electrical
breakdown event:

All the parts of the general model are started in parallel. We

start, continue and develop intense activities to cover all

possible aspects.
Most recently our modeling has shown:
The trigger of the sparks is explained by plasma discharge;

Plasma is fed from the tips grown under the high electric field

Tip growth can be explained by the natural relaxation of

stresses inside of material by the dislocation’s motions

, University of Helsinki
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