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QTfQQ_ 1934:Neutrino mass could be observed
4 in the nuclear f§ -decay

Versuch einer Theorie der g-Strahlen. I?).
Von E.Fermi in Rom.
Mit 3 Abbildungen. (Eingegangen am 16. Januar 1934.)

E. Fermi, Z. Physik 88 (1934)
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Bruno Pontecorvo  Fiz. 2. “Kurie" plot uf the end of the H? spectrum. The theoretical curve
(shown dotted) corresponding to a finite neutrino mass of 500 ev (or 1 kev
—see text) has been inclo for comparison.

Hanna G.C. and Pontecorvo B., Phys. Rev. 75 (1949) 983

m, < 1 keV/c?
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S - - ;
. # . 1983: Electrostatic spectrometer with
%%szf adiabatic magnetic collimation

Troitsk v-mass experiment

Petr Spivak Vladimir Lobashev
24.03.1911 - 30.03.1991 20.07.1934 — 3.08.20]1 1
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’#’E Mainz Neutrino Mass Experiment 4’3}. )
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QT,?Q Electrostatic spectrometer with adiabatic

i% J magnetic collimation (MAC-E filter)
Fundamentals

In the slowly varying magnetic field charged particle motion
1s adiabatic, (first) adiabatic invariant 1s conserved.

E E_ -sin’ @
u=—r=—-" = const
B B
Ve b analyser<< B pinch

A particle velocity vector 1s aligned

along the magnetic field direction
gt during transition into weaker
e magnetic field
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@Tﬁﬁ Electrostatic spectrometer with adiabatic
éﬂ\i » magnetic collimation (MAC-E filter)
%7 £ Fundamentals
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International project
A KATRIN

(K Arlsruhe TRItium Neutrino experiment)

¢

Spectrometer @ 10 meters
Resolution AE =0,9 eV (at 18 xkeV)
Windowless gaseous source ¥ 90 mm
Column density 5-10!7 mol/cm?

Neutrino mass sensitivity

(after 3 years of data taking):

m, < 0,2 3B/c?
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KATRIN Project

¢

l Mainz & Troitsk l

¢ KATRIN l

\

m, (~ 55 meV)
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w 10 2. Tests cosmological
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Q’T’QQ KATRIN status
g ﬁzi Inner electrodes of the main
s spectrometer are installed (2012)

e

Foto: M. Zacher

http://fuzzy.fzk.de/bscw/bscw.cgi/d736480/95-TRP-5210-S3-CWeinheimer.pdf

XXIX-th International Workshop on High Energy Physics

N. Titov June,27 2013 June 26 -28 of 2013, IHEP, Protvino, Russia



Christian Weinheimer

KATRIN status
Inner electrodes installation

KATRIN CM XXII. March 2012 21
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&Ry WGTS demonstrator (2011)

" : e Thermal stabilization by
: two faze (gaseous-liquid)
Ne loop up to 30 mK

¢
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< ;ﬁﬁ WGTS magnets — cold tests
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Q@Q Rear Wall subproject
Space charge potential control

1. A space charge potential variation inside the WGTS brings false m ?
2. Plasma is generated in the WGTS due to ionization by - electrons
3. Ambipolar diffusion in central part (Boltzmann distribution):

_ e
Do =Y )

4. High plasma conductivity along magnetic field lines equals plasma
potential to the Rear Wall one.

longtudinal = ource profils {approx.)
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QT,QQ Rear Wall subproject

¢

Space charge potential control

INR program:
1. Potential shift due to the hydrogen adsorption on
the side walls.

2. Trittum plasma simulation with 1onized hydrogen
“Rear Wall concept” check

Plasma transport

Ion-electron recombination in the WGTS

Ion removal by ExB drift
Experimental method — observation of the 8™Kr
internal conversion line position shift and line width

broadening (when 8™Kr and T, are circulating
together through WGTS)
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TR
?’b @9 2005: Troitsk v-macc spectrometer upgrade
%71 4

By the increase of spectrometer vessel and central
electrode diameters resolution was improved by factor 2!
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QTfQQ 2009: New INR spectrometer on place!

Spectrometer outer diameter 2.75 M, length 8.10 m.

Central electrode diameter 2.20 M.

Spectrometer vessel bake-up at 200C° and chilling up to 10C°
for vacuum better than 107 Pa.

Stable operation up to 32 kV.
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@Tﬁg What’s next ?

5 ,ﬁ% Heavy sterile neutrino search!
e)}?é?% Neuﬁ‘“oﬁ*
107" g—rrp——r—
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102 \/\ 1
J. Beringer et al. (Particle Data Group) - | Troitsk 2012

PR D86, 010001 (2012) (URL: http://pdg.Ibl.gov)
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Count rate
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,Q’Tﬁg Electrostatic spectrometer with adiabatic
/ magnetic collimation (MA C-E filter)
Fundamentals

Adiabaticity parameter €:

B 1 B
gzlgmd IrH<<1 or £=—-1—k<l
B Wy

where r,, w, —radius and frequency of the Larmor precession

An adiabatic invariant is preserved exponentially:

The spectrometer resolution is independent from the trajectory radius
and curvature if adiabaticity parameter 1s small!
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Tritium Source

[IponomkeHne IMonucKa MacChbl HEUTPHUHO:
MexayHapoaHbid npoekT KATPUH B Kapncpys

Transport Section

Pre- and Main Spectrometer

B decay—— @~ !
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Tritium decays, releasing an electron |
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Detector

Electrons are guided The electron energy is analyzed | | At the end of their
and an anti-electron-neutrine. towards the spectrometer by applying an electrostatic journey, the electrons are
While the neutrino escapes by magnetic fields. retarding potential. counted at the detector,
undetected, the electron starts its | Tritium has to be pumped Electrons are only transmitted Their rate varies with the
journey to the detector. out to provide tritium free if their kinetic energy is spectrometer potential
spectromerers, sufficiently high. and hence gives an
L integrated B-spectrum.
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: ﬁ . HoBblli CIEKTPOMETP: MOJIEIb
%/ 4
2 R
CBepXIIPOBOASIIIHIA Terublil coneHonn
costeHonn <5,8 Tecna <0,6 MT
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CBepXIpoBOAAIINN
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Karyumku koppekunu /

MarHUTHOTO MOJIS DIeKTpoJ AeKTpocTaTudeckoro  JeTeKTop @ 17 Mm
3emMi (ogHOPOIHOCTE 4%) aHaIM3aTopa (BBIIBUHYT)
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T
& 2 NCTOYHMK
4 JKkcnepuMeHTarnbHble BO3MOXHOCTU

ol &

83Rb, 83MKr

CBETUMOCTB Ta30BOT0
UCTOYHUKA 5,4 cmep - cM?,
tonuuua 1-10'7 mon/cm?

Temneparypa rasza

B UCTOYHUKE
20K ... 110K

e-Gun E—

MS

TpyOka HCTOYHHUKA MMOIOTPEBAETCS
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OO6opy0BaHKE CTAHITUU
JUTSL TBEPABIX HCTOYHUKOB
WU JTUAarHOCTUYCCKOM armapaTyphl
Ha MECTE MPEeIBAPUTEIHBHOTO CIICKTPOMETpa

NCTOYHUK
; J1OTIOJTHUTENILHBIE BO3MOKHOCTH
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TR
k}é 2 Q‘ lccnepoBaHne cucteMmaTuKy ra3oBOro UCTOYHMKA
y4

Bl eSS .
1.BnnaHmne obvemMHOro 3apsaa

[MoTeHUnan o6bEMHOro 3apsaa nccneayeTcsa B USMEPEHUSAX CEKTPOB
ANEeKTPOHOB BHYTPEHHEN KOHBepcun 83MKr npu COBMECTHOWN LIMPKYNSLUN
C TPUTUEM UNN BOOOPOAOM, NOHM3OBAHHbLIM BHELLUHUM MCTOYHUKOM

3NeKTPOHOB:

ONeKTPOoHHas nyLlka C LUMPOKOW anepTypon noMeLLaeTca B BaKyyMHbIN
NOCT Hacoca B 3agHeN 4acTu UCTOYHMKA.

|_ Be foil with
variable potential

|
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/ﬁ? £ ViccnegoBaHme cucteMaTmky ra3oBoro UCTOYHMKA
2 &

2. PekomMbunHaums NOHOB B ra30BOM UCTOYHUKE
N yaaneHne MOHOB B CKpPeLLEeHHbIX ExB nonax

Plasma monitor

Transversal
electric field
electrodes
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