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KATRIN experiment ﬂ(IT

Karlsruhe Institute of Technology

A Karlsruhe Tritium Neutrino Experiment

- direct n- mass experiment: located at Tritium Laboratory (TLK) of KIT
- International collaboration ~130 members
from 6 countries: D, US, CZ, RUS, F ES
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KATRIN experiment i science case

ST

Karlsruhe Institute of Technology

A physics programme

- model-independent effective electron (anti-)neutrino mass: m(n,) = 200 meV (90% CL)

- searchforl i ght é

h e aeutsinoss weaViel & e V stals s
- constrain local relic-n density, search for Lorentz violation, exotic currents, BSM physics é
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Karlsruhe Institute of Technology

Introduction: neutrinos In particle physics

Sept. 26, 2016 G. Drexlin i KATRIN KIT-KCETA



6.10.2015 71 and the winners are:

AT

Karlsruhe Institute of Technology

Ill: N. Elmehed. © Nobel l\/lecha 2014

2015 Nobel Prize
in Physics

The Nobel Prize in Physics 2015 was
awarded jointly to Takaaki Kajita
and Arthur B. McDonald "for the
discovery of neutrino oscillations,

which shows that neutrinos have
mass".

Nobelprize.org
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1. Albert Einstein
E 2. Niels Bohr

g 3. Marie Curie

g 4. James Chadwick
ﬁ 5. Takaaki Kajita
E 6. Erwin Schrodinger
7.]).). Thomson

ga 8. Arthur B. McDonald

g 9. Robert A. Millikan

’ 10. Werner Heisenberg
&
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8.11.2015 1 and the winners are: QAT

Karlsruhe Institute of Technology

FUN MENTAL PHVSH@S ‘U, 2 MAnnus mirabilisi o f B
BREAKTHROUGH (Img) neutrino physics @ —9@

Koichiro Nishikawa and
the K2K and T2K
Collaboration

\  Atsuto Suzuki and the
KamLAND Collaboration

Yifang Wang and the
¥ Daya Bay Collaboration

Kam-Biu Luk and the
Dava Bay Collaboration

Yoichiro Suzuki and the
Super K Collaboration

Arthur B. McDonald and
the SNO Collaboration

Takaaki Kajita and the
Super K Collaboration
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massless neutrinos in the Standard Model ﬂ("’

Karlsruhe Institute of Technology
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massive neutrinos: beyond the Standard Model ﬂ("‘

Karlsruhe Institute of Technology

A neutrino oscillations imply massive neutrinos
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massive neutrinos: beyond the Standard Model ﬂ(“‘

Karlsruhe Institute of Technology

A neutrino oscillations imply massive neutrinos

A massive neutrinos imply novel particles / processes:
- Lepton number violation?
- new fundamental mass scale?
- extended Higgs sector?
- right handed (sterile) neutrinos?

A open questions in neutrino physics

5 WHAT ARE THE MASSES
OF THE, THREE KNOWN p
NEUTRINO TYPES |
@ ARE NEUTRINOS
Y TR OWND
ANTIPARTICLES ¢
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http://www.symmetrymagazine.org/sites/default/files/images/standard/what_mass.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/what_mass.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/give_mass.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/give_mass.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/antiparticles.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/antiparticles.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/more_three.png
http://www.symmetrymagazine.org/sites/default/files/images/standard/more_three.png

neutrino mass 1 what iIs the correct pattern?

A hierachy T normal case: m; < m, << my, inverted case: my << m,

quasi-degeneracy T m; ~m, ~ my
10"
mass degeneracy
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m ierar ~
ass hierarchy ADm2 ~m
10 PP EEPEPTI type |
10* 10° 102 10" 10° 10
m; (eV)
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Karlsruhe Institute of Technology

R-spectroscopy and neutrino mass
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neutrino mass: status and perspecives ﬂ(IT

Karlsruhe Institute of Technology

kinematics of weak decays search for Onf33-decay

- B-decay: 3H, EC: 163Ho - BR-decay: 7Ge,130Te, 136X e , |E-LSS: CMB, GRS,
- model-independent - model-dependent (phases a;) - model-dependent (we H,)
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http://upload.wikimedia.org/wikipedia/commons/5/50/Planck_satellite.jpg
http://upload.wikimedia.org/wikipedia/commons/5/50/Planck_satellite.jpg

count rate

13

3-decay: kinematics AT

A model independent measurement of m(n,), based solely on

(arb. units)

Kinematic parameters & energy conservation

Karlsruhe Institute of Technology
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[3-decay: kinematics

N
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Karlsruhe Institute of Technology

A neutrino mass manifests itself only close to endpoint at E,, as neutrinos there
are only Anildly relativisticfi[ E2 = p2c? + (mc?)? ]
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ultra-relativistic
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//upload.wikimedia.org/wikipedia/commons/5/53/Energy-Mass-Momentum_Pythagorean_Relationship.jpg
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KATRIN: measurement principle & challenges
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MAC-E principle: high-intensity tritium (3-spectroscopy ﬂ("‘

Karlsruhe Institute of Technology

A Magnetic Adiabatic Collimation & Electrostatic Filter: scan high-intensity T2 source

| START BN 05-100 Az,

electrons/s electrons/s
<§2&1 = ' detector
4 \

N

4 d e — High voltage g
w o LW p— large 5
2 L + max %
USNETERNE  acceptance =
- 0.00
| ] an Ie . | T 4 T T T g T ¥ T »
0 5 10 15 g 18568 18569 18570 18571 18572

electron energy (keV) retarding potential (V)
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MAC-E principle: high-resolution tritium (3-spectroscopy ﬂ("‘

Karlsruhe Institute of Technology

A Magnetic Adiabatic Collimation & Electrostatic Filter: adiabatic conversionE Y E

Q
electron from e|ectrode
source / \

solen0|d / < \‘ b

'I\ \ /
\&_/_/

cyclotron path U 0

magneic u=E_ /B =const T
electron f|elc? line //// —_ " - ‘)/////
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MAC-E principle: high-resolution tritium (3-spectroscopy ﬂ(“‘

Karlsruhe Institute of Technology

A Magnetic Adiabatic Collimation & Electrostatic Filter: analytic transmission function T

Isotropic electrode I
source :
A SOlenOId / lé 4? 08:_ ......................................................................................................................................................... SOlenOid
v%& === // £ o e yY————
< 4%* > \ 58 detector
T & T T e e S
Y - -
S B R Y Y E—
surplus energy: E..« T qU, (eV)
BS Bmln Bmax
U . .
DE/E=B /B DE = 0.93 eV 0 A T(B,in» Brax: Ug): N0 Gaussian tails
3x10-r2l'rr]/ Gr?rax jl> @18.6 keV but: U, on ppm-scale for sub-eV m(n,)!
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MAC-E principle: integrated (3-spectrum close to EO .\X‘(IT

Karlsruhe Institute of Technology

A MAC-E filter: count all R-decay electrons with E > U, in focal plane detector
- requires excellent source stability (and diagnostics), R&D on differential read-out ongoing

differential tritium [3-spectrum Integrated count rate after MAC-E filter

MAC-E
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