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YceranoBka “KATRIN”

(Ferenz Gluck, 2010)
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Heo0X0auMoOCTh 3HAHUA MACCHI

HCUTPHUHO
(Ferenz Gluck, 2010)

Neutrino mass value important for:
particle physics, astrophysics, cosmology

Information for neutrino mass:

neutrino oscillation experiments (SuperKamiokande, SNO, KamLand)

only Ami,z can be determined

neutrinoless double beta decay, supernovae,
cosmological observations (galaxy redshift,
microwave background radiation)

model dependent results

Tritium beta decay:

Model independent (kinematical), absolute
neutrino mass determination

Mainz,Troitsk: m, < 2 eV, KATRIN — m, < 02eV



XapakTrep u3MepeHUsI MacChl HCUTPUHO

Direct determination of m, by tritium 3 decay

super allowed
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OCco0eHHOCTH 3JIEKTPOCTATHYECKOI 0

puabTpa
(Ferenz Gluck, 2010)

adiabatic magnetic guiding U=-18.6 kV

of B’s along field lines

in stray B-field of

s.c. solenoids: :
s.c. solenoid

Bmax=6T =

B, =3x104T Tp-

source
high pass filter with Bs Bmax

mm
integral  transmission /Af/ /
for E>qU
or E>q /(//,« L A /Y

adiabatic transformation E; — E,

s.c. solenoid
|
detector

energy analysis by
static retarding E-field
with varying strength:




TpurueBass kKamepa

(Ferenz Gluck, 2010)

WGTS - Windowless Gasous Tritium Source

WGTS :maximum T, luminosity & minimum systematic effects

adiabatic electron transport in strong magnetic field & tritium diffusion

parameters: L=10m, @ =90 mm, Bg=3.6T, purity >95% T, (x1%)
T=27 K, column density pd:5x 1017 T,/ cm?
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Tpancmopraas cucrema

10 m
Rear wall WGTS tube
e Front transport
Rear transport l Das (27K)
9eml — k'_: «— Magnetized plasma ___ -) —
B=3T { wsflow  —  gasflow ¥ B=5.6T
B:},h T U:U
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Source-transport system of KATRIN
(simplified picture)

gasflowtime: 1s

(Ferenz Gluck, 2010)



U3MepeHre MacChl HCUTPUHO

(Ferenz Gluck, 2010)

Neutrino mass measurement by gaseous 75 source:

Los Alamos., Livermore, Troitsk
. ] . .
Negative m; anomaly (Troitsk: step in electron spectrum).

Solid state 15 source in Mainz, important systematic effect 1s the

source charging (el. potential in decay point changes).

Unknown spatial or time variation of source potential (op. ) =

systematic effect:

(H. Robertson, N. Titov).

KATRIN: 0.2 eV neutrino mass sensitivity (Mainz, Troitsk: 2.2 eV)

— reliable understanding of systematic effects 1s important



IIpouecchl ¢ ydyacTueM TPUTHSA

(Ferenz Gluck, 2010)

Physical processes:

Beta decay: Ty — (Hel')™ + e~ + U, = positive lons, primary
electrons

Ionization: e~ + 15 — 'Iij + e~ 4+ e~ = positive 1ons, secondary
electrons

Dissociative attachment = negative 1ons (71'7)

Chemical reactions of positive ions = T3, 75", . ..

Electron-ion recombination (volume)

Collisions of 10ons and electrons with 75 molecules (elastic:
melastic: 1onization, elect. excit., vibr. and rot. excit.:

superelastic)

Gas flow



OoOpa3oBaHue U pacnaj HOHOB TPUTHA

(Ferenz Gluck, 2010)

3 decay

Iy — (Hel)™ +e + 1,
(4-10° decays/cm? /s in middle of KATRIN source tube).
Also: He™, TT (by dissociation from excited states).

3 decay electrons: high energy (few keV), small scatt. cross section

— they leave very fast the source tube

Positive ions: thermalize with 715 gas, spend much time (& 1s) in

source tube.
— positive space charge potential from 3 decay

(KATRIN: ® ~ 2 V, without small energy electrons)



CeyeHUs MPOLECCOB € yYacTueM
MOJIEKYJI TPUTHS
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Low energy electron—T, cross—sections

Phelps 1962



CamocoriiacoBaHHoOe 1oJie B TPUTHEBOM
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