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Introduction: Neutrinos and KATRIN

� Determination of the mass of ν̄e by measuring the 3H β-decay
energy spectrum

� The endpoint can give information about the neutrino mass



KATRIN: The experimental setup

� Over 70 m long experimental setup

� The pre and main spectrometers work in MAC-E �lter mode



KATRIN: The main spectrometer



KATRIN: MAC-E �lter transmission function

� Magnetic Adiabatic Collimation with Electrostatic �ltering
� Essential elements: Retarding potential and magnetic �eld
� Electrons are guided adiabatically along magnetic �eld lines in

cyclotron motion: µ = E⊥
B = const.

� At the analysing plane: U0 max, B min
� E⊥ → E‖



KATRIN: MAC-E �lter transmission function

� Why such a freakin' big spectrometer?

� Energy resolution depends depends on ratio of Bmax and Bmin

∆E = Emax
start ·

Bmin

Bmax
= 0.93 eV



KATRIN: Main spectrometer calibration

� At the analysing plane: E⊥ → E‖

� E‖ depends on starting angle of the electron

� Dependency of transmission probabiltiy on the starting angles

� Di�erent transmission functions for each of the 148 detector

segments

� Transmission functions have to be determined to locate and

compensate variances in the electric potential



KATRIN: Main spectrometer calibration
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segments

� Transmission functions have to be determined to locate and

compensate variances in the electric potential

Calibration source requirements:

⇒ Sharp energy distribution

⇒ Small spot size

⇒ Angular selectivity

⇒ Adjustable rate



The eGun

� The eGun provides monoenergetic electrons with any desired

starting angle

� Photoelectric e�ect to eject zero-energy electrons from a thin

gold layer with UV laser light



The eGun



The eGun: Energy spectrum

� Ideally: monoenergetic electrons → single delta peak spectrum

� Some uncertainties (e.g. detector noise) lead to Gaussion

function



Characterisation of the eGun photocathode: Work

function measurements

� Work function has to be determined to de�ne ideal photon

wavelength to eject zero-energy electrons from gold layer

� Theoretical work function of pure gold: wAu,th. = 5.1 eV

� Lower w expected for eGun gold layer

� Measurement of photoelectron yield as a function of the

wavelengths



Characterisation of the eGun photocathode: Work

function measurements

� LED-Revolver: Rotable plate with 8 UV LEDs, controlled by

stepper motor
� Monochromator: Selection of any desired wavelength interval



Characterisation of the eGun photocathode: Work

function measurements



Summary and Outlook

� Mechanical, electrical and optical systems of the eGun: good

test measurement results

� Angular selectivity between 0° and 90° achieved

� Good energy resolution

� Good long term stability

� Work function changes drastically over time

� Further measurements will show whether the gold

photocathode is after all suitable for the main spectrometer

calibration

⇒ Anyway: eGun will perform well as the KATRIN main

spectrometer calibration source! :)



Backup slides: Fowler Function

� R.H. Fowler developed a theory of the e�ect of temperature on

the work function of metals

� The eGun's electron yield has to be measured as a function of

the photon wavelengths and �ttet with the Fowler function:
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Backup slides: Manipulator
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