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The KATRIN experiment
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Motivation and features B3R Experimental setup First measurements

2 Energy calibration of KATRIN by a B & o 5 g e e . -
nuclear standard R /Tm:Wd(EC); 77.6% T Ellipsometry 3 ) CKrS positioning inside the flux tube via two motors
TKr

>Meta stable 23™Kr is condensed counterweights set up (pink) Gas system gy = 2 Ability to illuminate each of the 148 detector pixels

conversion Ellipsometry

onto a Highly Oriented Pyrolytic = electrons  [E,,, = 17.8243(5) keV] for full spectrometer characterization
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Graphite (HOPG) substrate | Ao Il R e vacuum sysiem > Safety software and hardware end switches to
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2Short life-time of 33™Kr prevents
contamination of spectrometers

2>Motion system allows for per-pixel
calibration

2 Energy stability of conversion lines 1% . .
in the ppm range demonstrated at 10 600
former Mainz Neutrino experiment 50 iy, Mounting
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83mKr film prepa ration 3 CKrS is installed at the end Y 4w W Laser elllpsometry SYStem
> For defined starting conditions, the substrate is heated up to around 120 K of the Cryogenic Pumping TN | 1111 Il » Thin film investigation by measuring polarization
and then ablated with a frequency doubled Neodym-YAG-Laser (2 W @ 532 Section B li® i | changes upon reflection
nm) before it is cooled down to 27 K > Subsystems are placed on a | I N 2 Null ellipsometry: find polarizer and compensator
scaffolding, which can be N : angle for which the reflected light is minimal, this
driven vertically as well as 18 || | | 3| Il | 1 depends on refractive index and film thickness

horizontally uE S > Condensation of radioactive krypton alone should
v ‘ I B | | not lead to a shift since the used amount is too low
oo and ellipsometry to yield an observable effect

>Count rate development | = measurements outside of — NS . B — > Ellipsometry can be used to monitor the vacuum
after first |nl_et has I?e_en the beam-tube " e conditions very precisely and to produce input data
measured with stability ) NS — for modeling of the film
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- G AUd| et al ,"The NUBASE eva|uati0n Of nUCIear and decay Tlme since f||m preparation [h] b, :i b .; ﬂb.“ : > = : T R |
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> After opening the valve to the rubidium generator, the gaseous krypton
streams through a capillary towards the cold substrate

2 Radioactive 33mKr is continuously condensed onto the HOPG substrate

2 This allows film preparation
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2 Next measurements with the

| spectrometer and detector system in

Mimor > The ellipsometry
system may also
provide additional
information about the

structure of the film

Line stability Ellipsometry measurements Summary/Outlook
_ _ 4 M3 positions - 31939 155 -
energies over time > Large amounts of } KATRIN, conversion electrons can be
longer times condensed onto the detected at the FPD
2> Same behavior for different lines substrate for tests 2 Rate stabilizes around 15 hours after
charge in the substrate form a to a calculated 2 Drift of line positions with time
bound system vellipse” or film 4 > can be explained by the image charge
parameters can be IR R model and residual gas freezing onto
electron as additional kinetic
energy _ | HOImes methOd* >0 1T zlittnpe=0.09514t0.001415[monolayers/h] - backed by e"ipsometry data
2 As more residual gas condenses (analytical solution of YEINDF = 0.45930165.6/361]
onto the substrate, the distance the inverse ellips- and additional methods (e.g. pre-
and the substrate becomes larger plating) to stabilize the line energy
and the binding energy decreases 20 e from B breparatian [h] ')::_‘I’r tht‘:. radloaci::tli\{e
IIms the growth is 2 Ellipsometry measurements provide
by ellipsometry data) the line valuable data and allow for in-situ
. ; ; decreases for later
position can be fitted with the 1 1 q-q films
247’(’602(& 4 b)aK +c o AR S S N N — 2 additional data about the residual gas
2 For use as a calibration source the ! 2 This indicates an Time [h] composition from a RGA can be
via bake-out and pre-plating vacuum conditions 2 The Holmes method
over time yields a growth speed of
g July & August with two main goals:
krypton equivalent for ] ] ] ;
the last film. whereas the 2 1. find a configuration where the line
14
0.029 monolayers/h hours/days
> further investigations 2 2. scan the analyzing plane of the
inhomogeneities and check the
T T s e G o T "D. A. Holmes, "On the Calculation of Thin Film Refractive Index and alignment of the subsystems

> Drift of line position towards lower soo # M2 positions - 31931 ) 2 Successful commissioning of the CKrS @
> Energy seems to stabilize for - stable krypton canbe | analyzed by the spectrometer and
i - re i beginning of film preparation
2 Positive krypton ion and its image > Data can be compared 9 9 prep
2 Binding energy is given to the e
extracted via the AT e e— the substrate
2 need for better vacuum conditions
between a decaying krypton atom ' ometry problem)
2 extended bake-out this June
> . .
Assuming a linear growth (backed linear and the rate
measurements of film properties
image charge model V(t> — 5
energy stability must be improved | i improvement of the from: M. Fedkevych included for the next measurements
0.095 monolayers/h
image charge fit gives position is stable over several
required main spectrometer to map
Monolayers Thickness by Ellipsometry," Appl. Opt. 6, 168-169 (1967)

r:—}‘ m| . ‘ I I Ii I of NORTH CAROLINA ESTERN H"ﬂh’cg"’ﬂ;’:ﬂ"d" '~1;_j'__ NG €O W HEIDELBERG PLUTENSE

BERKELEY LAB JNIVERSHTAT $ at CHAPEL HILL m,sasEI_]SN];IT‘VIE{RXIEY Karlsruhe Institute of Technology MIIT{I; MADRITD
HITIDL TI.ITI S Carnegie Y a— BERGISCHE
EIIﬂ B —— WWU CQa Mellon I e . UNIVERSITY of WASHINGTON UNIVERSITAT
mainz aptyse UNVERTH] o MUNSTER University WUPPERTAL

We acknowledge the support of Helmholtz Association (HGF), Ministry for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, and 05A17WQO3), Helmholtz Alliance for Astroparticle Physics (HAP), and Helmholtz Young Investigator Group (VH-NG-1055) in Germany; Ministry
of Education, Youth and Sport (CANAM-LM2011019), cooperation with the JINR Dubna (3+3 grants) 2017-2019 in the Czech Republic; and the Department of Energy through grants DE-FG02-97ER41020, DE-FG02-94ER40818, DE-SC0004036, DE-FG02-97ER41033, DE-FGO02-
97ER41041, DE-AC02-05CH11231, and DE-SC0011091 in the United States.



	Slide 1

