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Wire electrode: Purpose R

MUNSTER

e Cosmics and radioactive contamination vessel hull
4
produce secondary electrons that can \ l"l,
mimic e- in endpoint energy region U
e 650 m? surface of main spectrometer e’ /r
— ca. 10° p/ s + contamination © ¢ o 0 0/0 0 0 o o [-3U
e Reduction due to B-field: factor 10>-10° ," \
e Real signal rate in the mHz region 4 wire plane
e Additional reduction necessary !
Inner wire electrode
80-:v v B=17T e screening of background electrons from
70/ » 85T vessel material by a wire grid on negative
] - — detector background tential
n 607 1.6 mHz potentia
E 50; . . , , * The grid has to be 'massless' to avoid
2 40/ Dipl. theS{s B. Ostrick (U Ma/nz, 2002), background from the grid itself
= ] PhD thesis B. Flatt (U Mainz, 2004)
€ 30;  proof of concept at the Mainz setup
8 20 total background rate — reduced background by factor 10
- 2.8 mHz
101 M - . e improved two layer design of KATRIN
e electrode — expect reduction factor <100
0 50 100 150 200 250
Uscreen !V e Shaping of the spectrometer electric field
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Wire electrode: modular design

AT
main spectrometer vessel KATRIN: double layer electrode

/ wire planes

Anti-Penning
» electrode

=’ ground electrode

18.4 kV
220mioooo\ooooo 18.5 kV

.4_:....... 186kv

25mm 0.3 mm 0.2 mm

i
large cone part
3 x 20 modules

éylindrical part
5 x 20 module

\\\\\\\

2 = 248 modules,
23000 wires

B/ small cone part
10 + 4 modules
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Module components
(for central part):

e 2 stainless steel combs
e 4 C-shaped rods

e 2 x 60 wires per module _ 2nd layer _
Caton o 1811111111111 NS

—

1st layer
Overall numbers:

e Total module surface: 440 m?

e Total wire surface: 0.015 m?
e Total ceramic surface: 3.65 m?
 Total weight: 4.2 tons

Including HV connections and rail
mounts: = 130000 parts

— complete system needs to be
compatible with 10" mbar UHV
and bakeable to 350 °C
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Vacuum / material requirements

Requirements:
e outgassing rate < 1x10"? mbar |/ s cm?

« magnetic permeability: y = 1.02 (may be relaxed for wire material)

* low radioactivity (especially for the wire material)
e wire positioning Ax = £ 0.1 mm; wire sag < 0.2 mm

— many test and screening measurements performed
on prototype modules and materials

Materials:

o stainless steel (1.4429, 1.4435, 14404)

e oxygen-free copper, copper-beryllium (CuBe2)

* Inconel (nickel-chromium based alloy), hardened
« Ceramics (FRIATEC AL23, pure ALQO,)

e Gold-plated stainless steel screws (1.4404)
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Welding and electro-polishing —— .

MUNSTER

e Parts are welded in custom made
cooled aluminum block under inert
gas flow on both sides of the weld
for UHV compatibility

e Electropolishing of all
stainless steel parts at
company Mauden

e Electropolishing of other
materials (copper) at
company Poligrat

1
l ' R ‘.|.r,’
| & LR

N

NS

de-gre‘asin'g rinse y ‘_'_ehing. éfléctro-polish
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Ultrasonic cleaning facility

e Insets for ultrasonic
cleaning of wires

* US bath dimensions
20x04x03m

2 US generators,
each with 1,5 kW

4 reservoirs for
cleaning agents:
- Axarel 9100
- P3 Almeco 36
- Tickopur
- ultrapure water

(5 MOhm/cm)

* multistage centrifugal
pumps

*flow rate of jet nozzles
in US bath: ~ 30 {/min

e air filtering system for
blow-dryer

e complete LabView
computer control
of pumps and sensors




Module assembly T e ensimi

MUNSTER

Assembly of modules in
class 10000 cleanroom:

e QA of 'combs': check positions
of all drill holes to £ 0.05 mm

e cut wires under defined load
to precise length £ 0.1 mm

e pre-bending of combs

* mount of first ceramic

e insertion of wires into combs
e mount second ceramic

e insert electrical connection
wires

e assembly of module and rods
o stress test of all wires
e QA of finished module
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Electrode module QA T Tl

MUNSTER

/ Automated 3D measurement table in clean
room with 2 sensor heads:

e Custom laser sensor:
- measure wire coordinates to £10 ym
- measure wire tensions to £ 0.04 N

T %age

E oj: B 0, SO0, 0 D08 005 g0 ot 90 e nan, \\ . . W
5 r- ~_ \Vire tensions \lySQL database of all geometrical

wire sag measurements and close up fotographs

e s e N R N R A e B
0 5 10 IS 20 25 30 35 40 45 50 55 &0 6 W0
wire furrber
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HV connections and final QA

MUNSTER

e After transport to KIT the wire modules were re-checked for wire tension
(2D measurement table build by FH Fulda, custom laser sensor from Munster

* Modules are equipped with HV
connections

e Special modules get routing platforms
to distribute HV lines to module rings

e All actions are documented in QA
database
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Wire electrode installation s

WILHELMS-UNIVERSITAT
MUNSTER

e |[nstallation of electrode modules
on rails using a movable
iIntervention system

e lots of work invested to achieve
positioning of the modules with
the desired accuracy

 regular monitoring of HV lines
(resistance measurements)
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MUNSTER
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Thanks for your attention !! S—
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