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=z High-strength alloy steel (matl)
=z Air {(mat2)

=z Alumina (mat3)

=z Rubber (mat4)

A Stainless steel for all metal —
components with¥ =1 and " of |
1.1E65/m . — 1

A Air for the vacuum surroundings.

A Alumina for the ceramic.

A s =8.4 and’ of 2E12 S/m for the

COMSOL materials:

v v v W |
|

black. C [
As=9.1and" of 2E14S/m for
the white.
A Rubber for the HV cable plug with }

¥ =2.37and " of 1IE14S/m. e



COMSOL electric currents: ™5 o =

s Current Conservation 1
‘w Electnc Insulation 1

e Initial Values 1

= Ground 1
A Current conservation in all domains. m Electric Potential 1
A Electric insulation at the outer air - Equation
boundary. |
A Initial value ( of potential) set to zero Equation form:
by default. Study controlled

A Ground 1 at vacuum chamber, NEGs,
anode, flanges.
A Electric potential at200kV at the Study 1, Stationary

Show equation assuming:

cathode, shed and HV cable.



COMSOL mesh

= /s Mesh 1

Size

& Free Tetrahedral 1

& Free Tetrahedral 2
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A An extra fine mesh was used to

|S.

account for the smaller deta
A The mesh was separated

Into 4

pieces.




COMSOL study:

= s Study 1
= Step 1: Stationary

A The study solves for the electric field = . Solver Configurations
and potential including the effect of
the conductivity of the materials

using the currents module. . : :
~ Physics and Variables Selection

[] Modify physics tree and vanables for study step

Physics interface Solve for

Flectric Currents (ec) [+



COMSOL results:

A Plotted the potential and electric
fields.

A The results shown up next are
comparisons between the white
Insulator without shed (representing
the actual CEBAF gun) and the black
iInsulator with shed (representing
the improved version).
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= Data Sets

-~ Views

2z Denved Values

BE Tables

Nl Electric Potential (es)
Nig Electric Potential (ec)
Vi Electric field 3D (es)
Nl Electric field 3D (ec)
I Potential (es)
s Potential (ec)
I Electric field (es)

I Electric field (ec)

= Current density (es)
s Current density (ec)
Export



COMSOL Electric field Noatd points:

A The simulations show a lateral cross section. The electric field norm was obtaitnedegpoints
around the cathode electrodand one near the triple point junction imoth cases.
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COMSOL Electric field Norm :

A Forthe lowestpoint the electric field norm remains around 4.8 MV/m. At the bottom right corner
the difference is of less than 0.39% with both fields around 7.7 MV/m, while the top right corner
the presence of the shed produced a value around ~14% smaller than the unprotected cathode.
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COMSOL Electric field Norm :

* Forthe triple-point jointthe |E| field isaround two orders of magnitude smaller for theotected
cathode. Thevertical component of the electric fiel&Ey showsa reduction ofaround 99%or the
protected cathode.
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Rubber plugnsulator interface:

A The potential and electric field along
the rubber plugg ceramic insulator
Interface was obtained (as shown In
the image as a red dotted line),
plotted as a function of the height{y
coordinate)and compared for
betweenthe white insulator without
shed (representing the actual CEBAF
gun) and theblackinsulator with shed
(representing the improved version).




Potential:

The interpolated fields along the rubbplug-insulatorinterface shows the linearization effect relatedttee combined
effects of the doping of the insulator material that allows for a bulk curesmithe presence of thshed. The black line
represents the ideal case.
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Potential along insulator:

The interpolated fields along the rubbplug-insulatorinterface shows the linearization effect relatedttee combined
effects of the doping of the insulator material that allows for a bulk curesmithe presence of thshed. The black line
represents the ideal case.
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Electric field in the-direction:

The simulation showthat the implementation of the shed near the tripfint junction decreases the magnitude of
the field in ~92.9% bringing it closer to zero.
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E_ynear triple point:

The simulation showthat the implementation of the shed near the tripfint junction decreases the magnitude of
the field in ~92.9% bringing it closer to zero.
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E_vfield component along insulator:
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Photocathode vertical line:

The data for the following plots was taken along a vertical line #@&mm to +6mm
that passes through the center of the photocathodesaswn in the red line
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Photocathode vertical line:

A This image shows the electric field Ex component in V/m as a function of position on the y axis.
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Photocathode vertical line:

A This image shows the electric fildgcomponent in V/m as a function of position on the y axis.
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Photocathode vertical line:

A This image shows the electric fidfdcomponent in V/m as a function of position on the y axis.
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Photocathode horizontal line:

The data for the following plots was taken alonlgagizontalline from-6mm to +6mm
that passes through the center of the photocathodesaswn in the red line
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Photocathode horizontdihe:

A This image shows the electric field Ex component in V/m as a function of position on the y axis.
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Photocathode horizontdihe:

A This image shows the electric fildgcomponent in V/m as a function of position on the y axis.
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Photocathode horizontdihe:

A This image shows the electric fidfdcomponent in V/m as a function of position on the y axis.
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Electric fieldy component: side view

The image shows the y component of the electric field plotted as color intensity. The arrows are the
components of the norm of E on the plane and they are proportional to the intensity.
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Electric fieldy component: side view

The image shows the y component of the electric field plotted as color intensity. The arrows are the
components of the norm of E on the plane and they are proportional to the intensity.
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Electric fieldx component: top view

The image shows the x component of the electric field plotted as color intensity. The arrows are the
components of the norm of E on the plane and they are proportional to the intensity.
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Electric fieldx component: top view

The image shows the x component of the electric field plotted as color intensity. The arrows are the
components of the norm of E on the plane and they are proportional to the intensity.
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Photocathodeanode line;:

The data for the following plots was taken alonlgaaizontalline from the
center of the photocathodé¢o the back of the chamber passing through the
anode center as shown in the red line



