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Ssummary

e Solidworks

* Geometry modifications: 4 new shield proposals.
* Shields 1 and 2 have decreasing height
e Shields 3 and 4 have decreasing radius

* CST

* Details of simulation
 Electric field and potential plots and false color images

e Additional slides



Solidworks geometry modifications: Original

R.69




Solidworks geometry modifications: Shield 1




Solidworks geometry modifications: Shield 2




Solidworks geometry modifications: Shield 3




Solidworks geometry modifications: Shield 4




CST materials: PEC

 Steel for all metal components with
Perfect electric conductor (PEC).
Since this is a preset we don’t need
to define anything. Also, Thermal,
Mechanical and Density properties
are not included in the calculation.

Material Parameters: Steel >

Problem type: | Default w

General  Thermal Mechanics  Density

Material folder:

Type:
PEC - Coating...
Epailon: (IS
Calor
| 0% Transparency  100%

Elﬁ Mateﬁals
i e-d® New insulator 2

----- @ Rubber plugg comected
----- @@ Steel

i ed® Vacuum

K\-ﬂ‘-hn- { \{: b | |




CST materials: Insulator

--[@ Materials

. @ Newinsulator 2 _
@ Rubber plugg comected

@@ Steel

‘...® Vacuum

 For black alumina | used the same
parameters as in COMSOL.

* £=8.4

e 0=2E-12[S/m] : =

Material Pararmeters: Mew insulator 2 w  Material Parameters: Mew insulator 2 b

Problem type: | Default w Problem type: |Defauit e

General Conductivity Dispersion Themal Mechanics Density
General Conductivity Dispersion Thermal Mechanics Density

)
Ser

>

Blectric conductivity Maagnetic conductivity
General properties O] (®) Mag. conductivity:
o [l Advanced | Pammeters [ Advanced | Parameters
Material folder:
() Tangent delta &l.: (O Tangent detta mag.:
Type:
Mormal w Monlinear Prop....
Epsilon: Mu: Const. fit tan delta Const. fit tan defta
|B'4 | ! Userorder: |1 % Userorder: |1 =
Color
Frequency range [GHz]

0 Transparency  100%



— Eﬁ Materials

~-@® New insulator 2

~-@® Rubber plugg comected _
@ Steel

fof® Vacuum

CST materials: Insulator

 For rubber | used the same

parameters as in COMSOL.

e £=2.37 [bL

e 0=1E-14 [S/m]

1F
Material Parameters: Rubber plugg corrected % Material Parameters: Rubber plugg corrected x J
-

Problem type: | Default w

Problem type: | Default e
General Conductivity Dispersion Themal Mechanics Density

General Conductivity Dispersion Thermal Mechanics Density
Blectric conductivity Magnetic conductivity
General properties ® Mag. conductivity: I
Material name: |1E—14 | S/m |I} 1/5m ﬁ 1
— Advanced | Parsmeters Sdvanced | Parameters
Material folder: L] Advanice aramete [] Advance aramete !‘ 1
(") Tangent defta el : (") Tangent detta mag.: J D
- - |
Type:
MNomial “ Manlinear Prop....
Epsilon: Mu:
Const_fit tan detta Const_fit tan delta
237 | 1
Userorder: |1 = Userorder: |1 =
Color
o Transparency  100% Frequency range [GHz]

— 8 o 0 ] Fmax



—Eﬂ Materials

. d® New insulator 2

~-@® Rubber plugg comected
@@ Steel

@ Vacuum _

CST materials: vacuum

* For vacuum cylinder and
surroundings.

e £=1.0
e 0=0[S/m] .

/

% Material Parameters: Vacuum >

Problem type: |Default e / ,

General Conductivity Dispersion Themal Mechanics Density ]

Material Parameters: Vacuum

Problem type: | Default w

eneral Conductivity Dispersion Themal Mechanics Density

General properties
Material name:

—— [JAdvanced | Par [ Advanced | Parn rs

Material folder:
(C) Tangent delta el : (") Tangent defta mag.:

Type:

MNaomal w Nonlinear Prop ...
Epsilon: Mu: Const. fit tan delta Const. fit tan detta
[1.0 | 10

User order: |1 = Userorder: |1 =

Calar

0 Transparency

| 8

100%

Blectric conductivity
(®) Bl conductivity:

Frequency range [Hz]

Magnetic conductivity
(®) Mag. conductivity:




CST mesh:

 The mesh was separated

ATAY

FAVATAY,

. —L_d Components
Into (maybe tOO many) +'1:} cathode assembly_HV cable
1 . +'1:} cathode assembly_Shed and X
pleces' 'P +'1:} cathode assembly_Triple poir
* The important part is, | 5% ramber i Anoce back -
only set some individual =~ #© chambernew Anode fo SR o
. . +'1\,} chamber new_Beam line % oY S TN
pa rts that requ”'e f|ne +'1\:,} chamber new_Chamber body E AR ATATATAT AT AT AR ATAY AV
. +-§3 chamber new_Dish plate z?
detail and left the rest to & © chambernew necs : (RS
+'1\:,} componentl g%g%gg é
be auto-meshed. 7 Kovarig e e
+'1\,} rubber plug detailed %*Eg LR ATATA LTI ks >§§<
+'q:‘,} upperflange detailed g




CST simulation: Potential o —

----- ﬂ potential 2
L Il potential3

 Chamber, upper flange, Kovar

ring, anode and beam-pipe at 0
V.

Edit Potential *
| |
Cancel

Potential value:
lo | v Help
Phase
| ] | deg

Type

® Fixed () Floating




CST simulation: Potential I —

e Cathode electrode (including
Pierce geometry), shield and
high voltage cable at -200 kV.




CST simulation: Solver m

Setup
 Used the Low frequency as Solver

S uggested by Fay. LF Frequency Domain Solver Parameters X
* Did not use the adaptive mesh Solver equatin:
Electroquasistatic %
refinement this time. - s
Tetrahedral ~ Aol
Accuracy: Optimizer...
[1e-6 b Par. Sweep...
[] Calculate ,
admittance matrix Acceleration... [
Store result data in cache Specials...

Source vaje® scalimy Simplify Model...
(ORMS{ (@ Peak

Adaptive mesh refinement

[ |Adaptive mesh Help
refinement

Properties




CST results:

* The results for electric field
magnitude and potential plotted
and also presented as false color.
Also produced 2D and 3D field maps
for the cathode-anode gap.

E Export 2D Field Result

Field Rezult
||E-Fie|d 1] Birowss Results...
SetFrg/ Time... Browese All...
frg=0
Expart Settings
(®) 3D Export in Volume Use Subvalume
Hnin; KMas:
{0 3D Export on Surfaces ” ;“:;‘DE | ||Dm;|:>|-:5 |
() Export Field on Paintlist = ._ Y.
min; mas:
() Export Field on 2D Plane ||EI G | ||D 006 |
# by z
Zmir; Zmax;
a 0083 | [o2 |
Stepsize: |D.DEI1
File location of pointist
relative to kaster-Projectpath BrowseFile...
File Options
@ Ascll [JUse Prefix
() Binary [ bix] [ Uze Postfis
Cancel Specials. . Help




Cathode-anode gap:

The data for the following plots was taken along the cathode anode gap as a
function of the height (on the photocathode surface) varying from -6mm to

omm.
[a Plot

Label: |Cut Line 2D 4

- Data

Data set: Cut Plane 1 - | x|

~ Line Data

Line entry method: Two points hd |
X y:

Point 1: [0.0642 E m

Point 2: {0.169 lo m

Bounded by points
[] Additional parallel lines

Distances: |
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Original vs Shield 1 vs Shield 2: Transversal
electric field

* As the Shield height is reduced, the max value in the middle region of
the cathode-anode gap is reduced by 7% from 0.27 MV/m to 0.25
MV/m. The min value decreases in 50% from 0.08 MV/m to 0.04
MV/m. This min value is achieved by going upwards on the

photocat

node surface.



CST results: Transverse electric field — original
shield

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Transverse electric field — Shield 1

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm

Transverse electric field (MV/m)

0.80
0.60
*e%,
0.40 000 . ®
o Coe
0000088
0.20 COq000ee3
O. 000000
0~000000
00 Jg00®
0.00 0500097 50
OOOOOOOO
0.06 SEPUNTIRE
00 ae®?00
0.20 0o o008
000~ 0@
Ce
0.0
-0.40 0° o
°
°
e®®
-0.60
-0.80

Shield 1

). )l

))

J

[ ]

® ®_o

8.00000000008 ®
90000000006,308

.....
80000.........8. !'........
o4 Oooodbnogog . 0.15

= Seananalln

o o O o o e ) 0
o - ~f~ Iy B B P )

w '..' inanenen -
o 1

-

b4 K, |

0.08 0.11

0.09 0.1

) JI DL J
). DI BI )

o o

z(m)

OFieldmap ®@y=-6mm @y=-3mm @y=0mm @y=3mm @ y=6mm

74%
difference
between
0.27 and
0.07



CST results: Transverse electric field — Shield 2

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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Original vs Shield 3 vs Shield 4 : Transversal
electric field

* As the Shield radius is reduced, the max value in the middle region of
the cathode-anode gap is also reduced around 4% from 0.27 MV/m
to 0.26 MV/m. The min value decreases in 37.5% from 0.08 MV/m to

0.05 MV/m. This min value is again achieved by going upwards on the
photocathode surface.



CST results: Transverse electric field — original
shield

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Transverse electric field — Shield 3

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Transverse electric field — Shield 4

The gray data set is the whole field map. The different colors show how the transverse electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Transverse electric field — Original
vs all shields (1,2,3 & 4) at C-a gap center line

All the data sets correspond to the center line in the cathode-anode gap. Different colors represent
different shields.
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CST results: Transverse electric field — Original
vs all shields (1,2,3 & 4) at insulator interface

* The potential and electric fields along
the rubber plug — ceramic insulator
interface was obtained (as shown in
the image as a red dotted line), plotted
as a function of the height (y-
coordinate).




CST results: Transverse electric field — Original
vs all shields (1,2,3 & 4) at insulator interface

Different colors represent different shields.

38%
difference
between 0.8
and 1.3

electric field [V/m]

—————

Transverse

000000000

000000000

y [m]

—@— Origina Shield1 —@—Shield 2 Shield3 —@=—Shield 4



CST results: Transverse electric field — Original
vs shields 1&2 at insulator interface

Different colors represent different shields.
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CST results: Transverse electric field — Original
vs shields 3&4 at insulator interface

Different colors represent different shields.
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CST results: Longitudinal electric field — Original vs
all shields (1,2,3 & 4) at insulator interface

Different colors represent different shields.
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CST results: Longitudinal electric field —
Original vs shields 1&2 at insulator interface

Different colors represent different shields.
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CST results: Longitudinal electric field —
Original vs shields 3&4 at insulator interface

Different colors represent different shields.
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CST results: Potential — Original vs all shields

(1,2,3 & 4) at insulator interface

Different colors represent different shields.
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CST results: Potential — Original vs shields 1&?2
at insulator interface

Different colors represent different shields.
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CST results: Potential — Original vs shields 3&4
at insulator interface

Different colors represent different shields.
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Original vs all Shields (1,2,3 & 4): Longitudinal
electric field at c-a gap

* You can notice the variation on the longitudinal electric field in the
cathode-anode gap is minimal, due to a change of radius or a change
in the shield height. The largest difference is around the z= 0.075 m,
and its of ¥3%. Similarly around z=0.12 m.



CST results: Longitudinal electric field —
original shield

The gray data set is the whole field map. The different colors show how the longitudinal electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Longitudinal electric field — Shield
1

The gray data set is the whole field map. The different colors show how the longitudinal electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm

Shield 1
0.00 °
sseo0e0e
0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 aa.."&l’;. 0.15

-0.50 ggg

-1.00 ﬂ
£ .'
>
S 150 L
3 ’l
£ .00
[S)
£ s !’
8 Q y
© -2.50 iﬁ ' "
S o L
5 960000
2 300 ] ........
S

-3.50
-4.00
-4.50

z(m)

OFieldmap ®@y=-6mm @y=-3mm @y=0mm @y=3mm @ y=6mm



CST results: Longitudinal electric field — Shield
2

The gray data set is the whole field map. The different colors show how the longitudinal electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Longitudinal electric field — Shield
3

The gray data set is the whole field map. The different colors show how the longitudinal electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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CST results: Longitudinal electric field — Shield
4

The gray data set is the whole field map. The different colors show how the longitudinal electric field
changes as a function of height on the photocathode in the interval -6mm<y<émm
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False color



Electric field norm: Original vs shields 1&2



CST results: Electric field norm— original

shield
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CST results: Electric field norm— Shield 1
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CST results: Electric field norm— Shield 2
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Electric field norm: Original vs shields 3&4



CST results: Electric field norm— original

shield
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CST results: Electric field norm— Shield 3
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CST results: Electric field norm— Shield 4
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Electric field norm: Original vs shields 1 vs
shields 2

* On the metallic surface
* Pics are sadly not to scale, in all of them the cathode size is the same.



CST results: Electric field norm— Original




CST results: Electric field norm— Shield 1




CST results: Electric field norm— Shield 2




Electric field norm: Original vs shields 1 vs
shields 2

* On the metallic surface
* Pics are sadly not to scale, in all of them the cathode size is the same.



CST results: Electric field norm— Original




CST results: Electric field norm— Shield 3




CST results: Electric field norm— Shield 4




Preliminary conclusions

e Cathode anode gap

* Transverse electric field

e Original vs shield 1 & 2

* Benefit if height is reduced and we produce beam from the top of the photocathode.
e Original vs shield 3 & 4

* Benefit if radius is reduced and we produce beam from the top of the photocathode.

* Original vs shield 1,2,3 & 4
* If beam is produced at the center of the photocathode, | would pick Shields 2 or 4.

* Longitudinal electric field
* The changing of the shields has a small impact only.

* Insulator-rubber plug interface

* The transverse electric field gets worst for shield 2. The rest remain close.
* Longitudinal electric field has a discontinuity that must be revised.



Preliminary conclusions

e Cathode contour

e Electric field norm

* Original vs shield 1 & 2

* The cusp field reduces, at cost of the fields on the Pierce geometry contour and the triple
point which reaches ~ 1MV/m .

* Original vs shield 3 & 4

* The radius change increases the field at its cusp to ~8 MV/m with some impact on the Pierce
geometry.

« All
» Upper flange triple point appears and remains at ~12 MV/m



Preliminary conclusions

* In short:

* Height reduction =
* Smaller vertical “kick” at cathode-anode gap
* Worst transversal field at the insulator-rubber plug interface
* Smaller field at the cusp
* Worst field at triple point

* Cusp radius reduction =

Smaller vertical “kick” at cathode-anode gap

Slightly worst transversal field at the insulator-rubber plug interface
Worst field at the cusp

Slightly Worst field at triple point



Future steps

* Mix between smaller radius and smaller height prototype.
* Maybe correct Shield 2 since it’s a bit slimmer.



Fin.



Additional slides

* Potentials false color
 Transverse field false color
* Longitudinal field false color



Potential: Original vs Shield 1 vs Shield 2



CST results: Potential — original shield
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CST results: Potential — Shield 1




CST results: Potential — Shield 2




Potential: Original vs Shield 3 vs Shield 4



CST results: Potential — original shield
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CST results: Potential — Shield 3




CST results: Potential — Shield 4




Transverse electric field: Original vs Shield 1
vs Shield 2



CST results: Transverse electric field — original
shield




CST results: Transverse electric field — Shield 1




CST results: Transverse electric field — Shield 2




Transverse electric field: Original vs Shield 3
vs Shield 4



CST results: Transverse electric field — original
shield




CST results: Transverse electric field — Shield 3




CST results: Transverse electric field — Shield 4




Longitudinal electric field: Original vs Shield 1
vs Shield 2




CST results: Longitudinal electric field —
original shield




CST results: Longitudinal electric field — Shield
1




CST results: Longitudinal electric field — Shield
2




Longitudinal electric field: Original vs Shield 3
vs Shield 4




CST results: Longitudinal electric field —
original shield




CST results: Longitudinal electric field — Shield
3




CST results: Longitudinal electric field — Shield
4




CST frame of reference:

X goes into the page.




