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Study Framework — Dynamic vacuum

SPS - Crab Cavities MD on the 17th October 2018
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Study Framework — Dynamic vacuum
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Secondary Electron Yield

Electron cloud build up:

* Generation of primary electrons
* Electron impact
- Secondary Electron Yield (SEY) responsible for
electron cloud
- Electron-Stimulated Desorption (ESD) responsible
for pressure spikes

Conditioning effect — scrubbing

* ESD and SEY yields reduce over increasing number of e-
impacting (e dose)

* Thisis the baseline to reduce total desorption during
operation

-> Important to characterize surfaces for ESD
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Present test bench

Test bench in b.113

Limitations of current system:

 Unbaked samples (upgrade foreseen)
« Small surface & open geometry —

background/accuracy issues

]
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Working principle

Advantages of new design:

* Real-like dimensions & geometry
» Possibility to control thermal cycles and conditions (HT/LT)
« High control over surface conditions, i.e. NEG temperature

& saturation control
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New test bench for ESD characterization of large surfaces

OUTLINE

2. Design approach
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Design characteristics of the new system

Requirements: Features:

« Easy assembly & handling of the sample 2 separate indipendent volumes:

« Emission filament and measurement « Temperature & surface treatment of
dome to remain always under vacuum any kind on the sample only
« Homogeneous irradiation of the sample * Preservation and conditioning of

filament & devices
Modularity for easy replacement

Optimised geometry of the filament support
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Key Components

Manipulator:

« Edge-welded bellow
» Filament support housing

* 1m-stroke in 1D — support motion

Filament support:;

* 99.5% Alumina tube for filament support

* Double-helix machining

» 4 pairs of holes — optimize coverage

« Transition in Kovar — brazing connection
« T-section beam — maximum rigidity
« Custom made flange connection + electrical

feedthrough
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New test bench for ESD characterization of large surfaces

OUTLINE

3. System optimisation
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Mechanical stability of the support

Assumptions:
A 221
_ . _ _ _ » All mechanical connections ideal
Deflection profile obtained on COMSOL Multiphysics®
at room temperature 2 « Perfect coaxiality of brazed parts
11.5
11
Two support options:
05 » Cylindrical tube = Max -6.0 mm

* T-shaped beam = Max -2.21 mm

Total displacement [mm] ¢ °
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Irradiation homogeneity — deflection

Design on
OPERA Simulia®

e flux map obtained
[e’/s/cm?] on OPERA Simulia®

4.327177E+08
4.000000E+08
3.500000E+08
3.000000E+08
2.500000E+08
2.000000E+08
1.500000E+08
S.000000E+07
2.658796E+07

Deflection Vs Top-Bottom distribution

From -3 to -6 mm From -1to-2 mm

Deflection o

(Cylindrical) (T-shaped)
I_Bottom half 45% 48.5%
|_Top half 55% 51.5%
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Irradiation homogeneity — winding coverage

Design on
OPERA Simulia®

e flux map obtained
[e-/slcm?] on OPERA Simulia®
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Winding coverage Vs irradiation of flanges

Windings coverage
0-500 10-490 20-480

(mm)
I_sample 97.0% | 98.3% | 99.2%

I_break 3.0% 1.7% 0.8%

>
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Thermal effects - support

Heat map obtained on COMSOL
Multiphysics®

Properties

e_ALO, 0.8
e SS 0.25
Chamber h 35

Support temperature profile
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Distance from flange [m]

Assumption:

* Filament always in good contact

Comments:

* Nominal filament temperature for good
emission is 1000 °C
« Parametric study to cover full temperature

range

T max Al,O4 473 °C 568 °C 645 °C
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Thermal effects — sample chamber

Chamber temperature profile T Filament /750 °C | 1000 °C | 1250 °C

160 T max Al,O, 473°C 568 °C 645 °C
140 —T_fil 1250 °C . . .
—_— T fil 1000 °C T max sample 70 °C 100 °C 134 °C

°: 100 —T _fil 750 °C
5
280
g 60 _
£ Conclusions:
|2 40
20 * Need to cool actively the sample
0 .
" 120 100 050 060 0.40 020 000 Subject to be thoroughly tested

Distance from flange [m]

beforehand
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N, eq. Pressure [mbar]

1.0E-07

1.0E-08

1.0E-09

1.0E-10

1.0E-11

1.0E-12

1.0E-13

Vacuum simulation - static

Unbaked background pressures Assumptions:

W w/o support w/ support

Unbaked sample

Cross & tees vacuum fired
Manipulator & instrumentation baked
Al,O; outgassing at RT from internal
measurements

Al,O; % St.St. outgassing at HT
(600 °C) by power law scaling

P_tot H20

I I I I Total pressure:
H2 CcO C02 CH4

H,O/H, without support
H,O, CO, CO, with support
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Vacuum simulation — dynamic

Total Pressure evolution at different filament temperatures

1.00E-04
* Pressure decrease over e- dose
 1.00E-05
o]
é Operation limits
@ 1.00E-06 .
>  Upper — RGA In constant SEM
(7p]
%’_ 1.00E-07 « Lower - detection limit
O
Ll
~ 1.00E-08 _ _ _
— Foreseen filament working point
1.00E-09 « 3 steps for whole dose scale
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e dose [e/cm?]
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New test bench for ESD characterization of large surfaces

OUTLINE

4. Assembly status

CE/RW
.
N

‘‘‘‘‘‘‘‘‘‘‘

2/22/2022

Stefano Saroglia | VSC Seminar — New ESD test bench



Intermediate assembly status

Intermediate assembly for tests:

* Filament chracterization
e Input current

« Geometry

« Emission

2/22/2022 Stefano Saroglia | VSC Seminar — New ESD test bench

Cﬁw WA Vacuus
\ es.)
tings




Final assembly status

Delivered components

» Electrical feedthrough
* Vacuum breaks

« Manipulator

In production

* Alumina tube

* Filament support structure

Next steps:

» Fine tuning of the filament
* Production of last custom pieces

« Assembly of final design
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Average Electron Flux on chamber [e"/s/cm?]

Annex: Filament temperature Vs e flux

Electron flux comparison Available filaments:
1.60E+15 10

* Pure tungsten - 0.4 mm diameter

7 9
1.40E+15 - : :
' . * Thorium-doped Tungsten - 0.13 mm diameter
1.20E+15 ///’// —o—ec_flux_ Th_ W 7
1.00E+15 /./’// —e—c_flux_Pure_ W . <
- B [_input_Th_W g
8.00E+14 e B inool Pure W 5 35 Results:
g 4 5 . .
6.00E+14 - E * Much lower temperatures for efficient
3
4.00E+14 , emisison with the Thorium-doped Tungsten
__-m
IR o
2.00E+14 m—-- 1
« Too high input current to trigger Pure
0.00E+00 ® —— 0
1000 1200 1400 1600 1800 2000 2200 Tun g sten

Filament Temperature [K]
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Annex: Molflow+ model parameters

Section of 3D model

Outgassing assumptions:

« Baked St.St. = manipulator & gauges
« VF St.St. = 6-way-cross & support
« Total Q 1E-9 = Valve - BAG — RGA
Model on Molflow+ «  Ceramic break = RT Al,O; = 5E-15
*  Alumina support = HT Al203 = 1E-11

)

........
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Foreseen procedure

Starting condition:

Gate valve closed

No sample installed

Dome baked & degassed

Sample assembly:

Installation of the tube

Sample side pumpdown

Partial bakeout

Filament degassing:

T ramp up of the filament

Emission setup:

Open gate valve

Bring filament in position
Isolate NEG & sample TMP

2/22/2022 Stefano Saroglia | VSC Seminar — New ESD test bench



Annex: Thermal — no W-Al,O4 contact

Support temperature profile Chamber temperature profile

315 45

265 ——T fil1250 °C 40 —T fil1250 °C
S s T_fil 1000 °C S 5 T_fil 1000 °C
() —T_fil 750 °C () —T_fil 750 °C
| . | .
2 2
C 165 C 30
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15 15
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