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Overview:

* Generalities about simulation
* Criteria for the general design
e Dummy design for comparison

* General design
o Thickness of the electrodes
o Length of the electrodes
o Corona HV?
o Insulator ring
o Protecting cage

Design of details
o Quartz window
o Groove geometry



Generalities about simulation

-0.65+ -
Side of
-0.7F e
> Applied voltage (4) 250kV oy f0cCm the
= Inside chamber (5) ~40cm 08l < i Sl
< . ~ -0.85+ @ b
o Separation ~12cm ® @)
pd e ~3§ oIr 12cm
T r . -0.95
O Minimal radius of the 1t
~ -1.05+
electrodes™ 45cm il ® |
-1.15+
—— Ground lines (meas.) 1ol
——  HV lines (meas.) -1.25-
=== |nsulator il _ 80cm N
-1.35+ -~
—  Aluminium 1.4, . .
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 m

radius




Important criteria for the general design

1. Field on the side of the
E vacuum chamber o :
< oss| ©) |
o Hot spot (>50 kV/cm) o D |
é . Field on the ground '
electrode (<20.8 kV/cm)
4. Field on the HV © \@
electrode
5. Homogeneity
(max —min field)
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Dummy design for comparison

e Vacuum chamber: 2.4 kV//cm
* Hot spot: none

* Gr. electrode: 22.5 kV/cm

* HV electrode: 44 k\//cm
 Homogeneity:0.7 kV/cm
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Dummy design for comparison

e Vacuum chamber: 2.4 kV//cm
* Hot spot: none

* Gr. electrode: 22.5 kV/cm

* HV electrode: 44 k\//cm
 Homogeneity:0.7 kV/cm
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General design



Length ot electrodes
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Thick:

Thickness
HV

Thickness
ground

ness of electrodes

)
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—@—HV thickness
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Corona on the HV electrode

Measuring line
@ 1mm

a=0.05 x size x asymmetry
b=0.05 x size
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Corona on the HV electrode

Max field on the HV electrodes for 250kV

Field ©

-0.84 F over 12 cm
Z _ lVfemn kVfem 48
G -0.86
) ool [] %299 47
i 09 N 14253 M a0 size
0 el 130,38 "
i -0.94F | 3823 35 —e—1.005
<E -0.96F | 33.08 - 45 —e—1.045
oc -0.98F —_— e 1.085

129.93
L -1rp £ 1.125
= 102 | 2078 25 §44 —0—1.165
L ' 123.63 :
Q) -1.04F 20 = —e—1.205
20.48 543
-1.06F <
-1.08F 17.33 1115 <.
-1.1F It 14,18 . é
11.03
-1.12F
‘114 7.88 < A
273 0.7 0.8 0.9 1 1.1 1.2 1.3
-1.16F :
118k 1.58 0 Asymmetry of the HV corona
0.4 0.5 0.6 m

Asymmetry ~ 1
Relative size ~ 1.2

j> 8% lower field on HV




Insulator ring
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Protecting cage

Max field on the chamber
* With 7 rings :
0.07kV/cm
* With 3 rings :
0.49kV/cm
* Without:
hot spot ?
3.19 kV/cm at least
Without sharp edge
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Design of the details




Quartz window: first 1deas for n2EDM
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Opera design from Jacob

Quartz window

~33kV/em ~120KkV/cm
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Quartz window: insulator material test for

n2k DM

Max field in the insulator
for 1 cm thick insulator
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Groove geometry

nEDM Field
. . [kV/cm]

(previous) design: o8 e

< 15mm | 62.82
g Depth / 0.81 | 59.42 50
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2886 | |3°
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Parameters Values and comments

Overall design

Radius of HV/Gr HV > 47 cm
Gr*HV+3ord4cm
Thickness HV/Gr HV>4cm
CZ) Gr~ 3cm with sphere
[ Thickness of the insulator >2cm
wn
@)
% P Corona HV Asymmetry 1
s / ' Size [1,1.2]
o . :
t Protection cage Yes ~ 3 rings ?
]
ﬂ i 3 Feedthrough On going
7 ' Groove deep outside fillet

Square shape

Quartz window Insulator thickness

R

Comsol design from Andrew Mullins
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Overall design

Comsol design from Andrew Mullins

Quartz
window

O-ring

To be continued ....

Protecting
cage

Groove
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Appendices
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0.5
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Thickness ot electrodes

prd
©
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Ll — .
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Thickness of electrodes

omogeneity inside the chamber .
() & y Field on the vacuum chamber
(L{.I) 2 3.5
=) 1.8 ,
—J = 1.6 .
<E S 1.4 E 2.5
m > >
L =, 12 X 2
© ©
E < 1 o 15
= 0.8 &
Q) s s 1
S 0.6 S
0.4 0.5 —8—HV thickness —@— Ground thickness
0.2 —@—HV thickness —@— Ground thickness
: 0
0 0 2 4 6 8 10 12
0 2 4 6 8 10 12 14

thickness [cm]
thickness [cm]




Z
O
)
L
O
—
<
oc
L
Z
L
O

Protecting cage

Max field on the chamber
* With 7 rings :
0.07kV/cm
* With 3 rings :
0.49kV/cm
* Without:
hot spot ?
3.19 kV/cm at least
Without sharp edge
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Protecting cage: radial field
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Geometry reminder

Insulator ring : material

Field
065 e ] e [kV/cm]
07k r i he — 60.8
0.75 0.7 57.69 60
pr - -0.75 54.57
w -0.8- 51.45
(7) -0.85 |- Vi 08 48.33 50
Ll 0.9 . -0.85 45.21
=) ° > thickness ool 42.1
0951 T 43898 [ 140
— -0.95 If
<—E i ) 35.86
. 32.74
— -1.05 - fixed L | 30
—~ fixed ' -L.O5 ¢ =t 29.62
11f et 26.5
= 11
-1.15+ \ = 23,39
A8 — 20.27
a2k 0% — 17.15
125} — 14.03
-1.25
13l — 10.91
1.3 7.8
135
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1
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Quartz window: insulator material test for
n2kE DM

prd max field in the insulator vs €r for 1 cm Homogeneity vs €, for 1cm thick insulator
9 22.4 thick insulator
N 2.3
g 22.3 =22
— 5 222 221 A
< 2 )
|<—E 5 221 g 2
L o £
O % 2 £ 1.9
£ £ 1.8
21.9
. 1.7
21.8 2 2.5 3 W35 4.5 5
2 2.5 3 3.5 . 4.5 5 € e
EI‘
-
QUARTZ |
REXOLITE® REXOLITE®
QUARTZ
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Quartz window: insulator material test for

n2kE DM

Makx field on the ground electrode for 1cm 60Max field on the HV electrode for 1cm
insulator insulator
20.7
59.5
20.5
T 203 g >3
(@) -~
E 20.1 < 585
E 19.9 E) .
19.7
57.5
19.5
2 2.5 3 3.5 4 4.5 5
cr 57
2 2.5 3 3.5 4 4.5
® er
REXOLITE QUARTZ
REXOLITE® QUARTZ

32



Quartz window: simulation of OILL nEDM

HV electrode

Insulator @ 200 kV
Gr electrode

UCN shutter

Quartz window Hg shutter

Map contours: E (kV/cry
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Feedthrough design

p3(10)=0.01 Surface: Electric field norm (kV/cm)
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Feedthrough design

max inisde the feed insulator

max field on the surface of the feed 500
insulator 450
100 400
z %0 350
80
LD 20 "c 300
- _ S
(L{.I) § o0 = 250
< 50 i)
0O = 2 200
3 40
() S 3 150
w 20 100
LL 10 max field on the side of the vacuum 0
0 chamber
0 0.2 0.4 0.6 0.8 1 1.2 0
feedthough rod radius [cm] 12 0 0.2 0.4 0.6 0.8
feedthough rod radius [cm]
115
11
10.5
10
9.5
9
8.5
8




