@E@ B.M. JIoOameB
~=" uskcnepument KATPHUH

44 KATRIN  coLLABC
MEETING

e et d
© STudy <A1

NP~?MJM3 pj the sef-u

H.A. Tumos

Hnemumym s0epuvix uccieoosanui PAH
np-m 60-1emusa Oxmsabps 7a, Mockea 117312
u npoekm KATPUH

H.A.TutoB «B.M.JIo6ameB u 3xcniepumedT KATPUH» Kondepenuus «JIodameny-80» 23 oxrsiops 2014, Tponuk, Poccus



T W
< ﬁfﬁ Kak JloGariieB BEIOHpaIT 3a1a4u @
Vi _

5
%
2

i U ITOAXOAWJ K UX PEIICHUIO.

1. B 1973 rony B.M. niepeexan u3 [ 'aTunnabl B TpOUIIK IA€ BCETO
JWIIb B BECbMa OTAAJICHHON NEePCIEKTUBE JI0JIKHA Oblia
MOSIBUTHCS «KaOHHas (paOpuKax:

«A 0oanca ocmanosumuvca»
2. OkcnepuMeHThI B.M. pacTarupaiuch Ha JICCATUICTHS:

« nonsn nouemy uHwimenun 2080puil, YmMo HAYYUJLCA
noeuke y Jlocmoesckoeo:

«/looymbreams 00 Konua»
3. Momnoaesim cotpyaaukam MAN:
«Bbt 00/151cHbI cCMapamvbca nPvIZHYMb 8blide 207108bl»
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>R, 1934: Maccy HEHTPpHUHO MOKHO
/  ompenenuts U3 criekTpa S -pacnazaa

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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,Q’TRQ 1948: IlepBblii yCHIEMIHBIN YKCIEPUMEHT C TPUTHUEM
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G, 2. " Kurie” plot of the end of the H? spectrum. The theoretical curve
Bruno Pontecorvo (shown dotted) corresponding to a finite neutrino mass of 500 ev (or 1 kev
—gee text) has been mdude;fnr comparison.

m, < 1 xeV/ c? Hanna G.C. and Pontecorvo B., Phys. Rev. 75 (1949) 983
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s JIroOumoBa - TpeTbsikoBa

Estimation of the neutrino rest mass from measurements
of the tritium g spectrum |

V. A. Lyubimov, E. G. Novikov, V. Z. Nozik, E. F. Tret'yakov, V. S. Kozik, and N. F. Myasoedov

Institute of Theoretical and Experimental Physics
=+ (Submitted 22 May 1981)
| Zh. Eksp. Teor. Fiz. 81, 1158-1181 (October 1981)

Measurements of the tritium 8 spectrum near the end point and the analysis of the results are described. Ir
comparison with our earlier study [E. F. Tret'yakov et al., Bull. Acad. Sci. USSR, Phys. Ser. 40, No. 10, p. |
(1976) and as reported at the Aachen 1976 Neutrino Conference (p. 663)}, the statistical accuracy has beer
greatly improved and a more rigorous measurement technique has been used. All data obtained in the twc
studies have been analyzed. In determining the confidence interval for the antineutrino rest mass, the metho
of mathematical modeling is used. For the rest mass of ¥, a lower limit is obtained for the first time:
14 <M, <46 ¢eV. The value E, = 18 577+ 13 eV is obtained for the energy of tritium 5 decay.

l4<m < 46 eV
' Bcenennas zamxknyma ?!

E.®. Tperbsikos

B.A. JIrooumoB
7.07.1929 - 18.12.2012
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i {FQ 1983: D1eKTPOCTATHYECKHIA CIIEKTPOMETP ¢
2 aanadaTuYecko MArHUTHOU KOJLJIUMAaIMen
JKcnepuMeHT « TpouIK HIO-Mace»

ITerp EdpumoBuu CrinBak
24.03.1911 -30.03.1991

Brnagumup Muxaiinosuyu JloOarieB
29.07.1934 — 3.08.201 1
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“Great minds think alike”
Mainz Neutrino Mass Experiment

Robert B. Moore
Physics Department,
McGill University

Montreal, Canada

H.A.TutoB «B.M.JIo6ameB u 3xcnepumedT KATPUH»

Ernst Otten Jochen Bonn

7.04.1944 - 27.08.2012
Physics Institute
Johannes Gutenberg University

Mainz, Germany
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QT,?Q DJIEKTPOCTATUYECKHUI CIIEKTPOMETP €
/ﬂ;i ¥ aanadaTM4eCKOM MArHUTHOM KOJIJIMMAaIUen
o IpvuHuun padéorbl

JIBKEHHE 4acTHIl B MEAJICHHO MEHSIOIIEMCS MAaTrHUTHOM
10JIE IIPOUCXOIUT aouabamudecKku, CoOxpaHsemcsi (nepevlii)
aduabamuyecKuli UHBAPUAHM

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

IIpu nepexode 6 craboe maznummuoe none
8EKMOp CKOPOCMU 4acmuy
gblcmpausaemcs 600.Jb HaANPAaeIeHUs.
MACHUMHO20 NOJIS
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T L4
Q’ X 4% DIEKTPOCTATHYECCKUM CIIEKTPOMETP C
#z ; MAarHUTHOU agna0aTHUECKON KOJUIUMAauen

CDYHI[&MCHTEIHBHBIC OCHOBBI

Kputepuil aquOaTu4HOCTH €:

B 1 B
gzlgmd er <<l wm E=——-1—k<l
B Wy

TNI€ Iy, Wy — paauyc ¥ yactora JIapMOpOBCKOU IIpeLieccuu

AnnabaTHyeCKUii MHBAPUAHT COXPAHSETCS SKCIOHEHIIMAIbHO:

JLLA. Apunmosud, P.A. CarneeB ®usnka mia3mel 1715 puzukos. Atomusaat, 1979
[Ipu coOmr0eHNN KpUTEPpUs aIMa0aTUYHOCTH pa3pelleHue CIIEKTpoMeTpa

HE 3aBUCUT OT PAANyCa U KPUBU3HBI TPACKTOPUH!
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¢ g? YcraHoBKa « TpOHIK HIO-MACC
NV Q,A,f

Cnektpometp
JUtiHA 6,5 M
araMeTp dekTpoaa 1,2 m
pazpemieHue 3,7 3B
Huamerp ucrounuka 20 Mm
tommuHa 1-10'7 Moa/cm2

IIepBbi€ 1aHHBIE
ony0JMKoBaHbI B 1994r:

Paper presented at XXVII Int. Conf. on High Energy P!ryncs‘_ :
Glasgow, UK, 20-27 July 1994
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T
>R, 2003: 3aBepuienue cbopa JaHHbIX
WAy y
%/% 4 10 Macce DJIEKTPOHHOI0 aHTHHENTPHHO.

ELSEVIER Nuclear Physics A71% (2003} 153c-160¢
www.elsevier.com/locate/npe

The search for the neutrino mass by direct method in the tritium
beta-decay and perspectives of study it in the project KATRIN

V.M. Lobashev®

*Institute for Nuclear Research of the Russian Academy of Sciences 60th October
Anniv. prospect Ta, 117312 Moscow, Russia

The updated resalts of the search for neutrino mass in the tritium beta-decay on the
Troitsk nu-mass and Neutrino Mainz set-ups are presented. Both groups give an upper
limit for the neutrino mass at 95% m, < 2.06 eV/¢® in Troitsk and m, < 2.2 eV fct
in Mainz. Further improvement is hmited both by statistic and systematic errors. In
order to enter in the cosmologically important sub-electronvolt area the collaboration of
groups from Karlsruhe Forschungszentrum, Mainz, Troitsk et al. proposed a new advanced
project KATRIN. The status of the project is presented.
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i,ﬁ% ~1998: HoBEbIl IPOCKT

¢

I lonusuTs npenen Ha Maccy HERTPUHO HA MOPSIIOK

1O1§ L L) L B L] B L AL T
. ] l Mainz & Troitsk l
2
= 10° 3 =
= | KATRIN | \
\
10" 3 M (~ 55 meV) quasi-degenerate 3
am,’ | vmasses 1] Confirms or excludes
Vaimos | 102+ m, (~ 8 meV) | .
“ i quasi-degenerate
R mass regime
\L/?\O/IIaA \ hierarchical ; .
] v-masses 2. Tests cosmological
' 40" T .
10" 10° 10” 10" 10° 10’ neutrino mass
m,, [eV] .
evaluation
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< R& Forschungszentrum Karlsruhe
% ﬁ ¢ Tritium laboratory (license for 40g of Tritium)

%‘ﬂn Neum
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&R, 2001: Project KATRIN
ﬁ% 4 Letter of Intent

Head of collaboration board
Prof. Dr. Johannes Bliimer
Director of the Institute for

Co-spokeperson

_ _ Nuclear Physics Co-spokeperson
Prof. Dr. Guido Drexlin Karlsruhe Institute of Technology Prof. Dr. Christian Weinheimer
Karlsruhe Institute of Technology and Universitit Miinster

Institut fiir Experimentelle Kernphysik Head of Astroparticle Physics Institut fiir Kernphysik

Program
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Yyactanku KATPUH

Prof. Dr. Hamish Robertson Prof. John Wilkerson
Center for Experimental Nuclear Physics and Department of Physics and Astronomy
_ . Astrophysws, CENPA University of North Carolina, NC, USA
University of Washington, Seattle, WA, USA
VOLUME 67, NUMBER 8 PHYSICAL REVIEW LETTERS 19 AUGUST 1991

Limit on v, Mass from Observation of the 8 Decay of Molecular Tritium

R. G. H. Robertson, T. J. Bowles, G. J. Stephenson, Jr., D. L. Wark, @) and J. F. Wilkerson
Physics Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

D. A. Knapp

Physics Division, Lawrence Livermore National Laboratory, Livermore, California 94550
(Received 6 May 1991)

m,<9.3¢eV (95% c.l.)
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Collaboration: ST

» 130 scientists

« 5 countries

» 14 institutions
= 4 IR

BErREECLEY Lap

‘Westtallsche
Wwilhelms- Universitat
MR StRr

THR UINIFAREITY
= ORTHM CARCLENS
¢ REAPEL L

Experimental objective:
» model-independent neutrino mass
- sensitivity: 0.2 eV/c?

Fachhochschule Fulda
University af Appfied Sciences

b+l - Ferdersthmepel:  Dayutsche s I
5 HELMHOLTZ Agtroteilchanphysik Fgrxhungggemgin schaft - Sﬂu rC'E . gasen US trltl um (B'decaY)
|FEEREIRTRN N | i s DFG
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TR International project
v Q KATRIN

@
g
%%e/éiz ~

e’ (K Arlsruhe TRItium Neutrino experiment)

Spectrometer ) 10 meters
Resolution AE =0,9 eV (at 18 xeV)
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?

Heobxoaumo B 100 pa3 yBeIHMYUTh CTATUCTUUYECKYH) TOUHOCT,
u 6 100 pa3z yryuyuwiums oueHKy 8cex CUCMeMamuydecKux
nocpewnocmeu !!
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M 3apsga B UCTOYHHUKE
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2005: B razoBoM HCTOYHHKE 00pa3yeTcs Iia3mal
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< ﬁ?% [Ipo6eMa 06bEMHOIO
s 3apsiga B UICTOYHUKE

Hecaenoranue 3¢ ekToB 00BEMHOTO 3apAaa B Ta3000pa3HOM TPHTHH
KOHBCpCI/IOHHBIC OJICKTPOHBI

L;-muanm 8Ky
Kak MpOOHUKHU
ANEKTPUYECKOTO MOTEHIINAIa

KaK HCTOTHHEKA HCKAARCHHA B—CHEKT})E B SKCIICPHMCHTC

110 MOHCKY MAacChl HEHTPHHO « TPOHIIK HIO-MacC».

Physics of Atomic Nuclei 71, (2008), 427-436

A. I Beneces, E. B. I'epacxun, B, JI. Kviixos, C. B. 3adopoxcuuiii, O. B. Kasauenno,
B. M. Koxawwox, H. A. Juxosuo, B. M. /Todaiwes, A. A. Hosux, B. B. [lapgénos, 4. K.

Cracwipexan, E. 4. Cyvoauxos, H. 4. Tumos, B. I'. Vcanos. B namHOH padoTe MpHBENSHBI PE3yNBTATHl HCCISIOBAHHA
Iilf.‘KTOB HAKOILICHHA OO0BEMHOIO 3apAda B Ta30BOM TPHTHEBOM

[OYHHEKC yCTﬂHOBK_H «TPOHHK HEO-MAacc», H_\'Ielomf.‘ﬁ LS ITOHCK

Hruemumym Adepuvix Hecredosarnuit Poccuiickoll Axadenuu Havk y - :
. . CCBI HeHIpHHO, HﬂO.-'.[}O:[ELIOCb y'ELIHlJﬁHH'C H CIBHI B-JHH}‘H&
IBEPCHOHHBIX 3ISKIPOHOB Ta3000pa3sHOr0 HCTOYHHKA Bmg opH
COB_\'IISICIHOEL;'. HHpKY.IHHHH C IpHTHe)L HO.Ty"-Ie‘HHO'C OrpaHH‘IeHHe Ha
BeIHUHHY (IYKTYaUHil MDOTeHUMATIa O0O0BEMHOTO 3apAla [O3BOIAST

9 @ @ eKT MaJI ’HHH << Tp OHHK V— MaC C , HO IIOJIYHHTE OIPaHHICHIIC Ha CBA3AHHBIH ¢ HHM JI0KHEIH OI]JHHEIIe.'IbeIﬁ.'

KBAaZpaT MAaccHl HEHTPHHO B 3KCHEpHMeHTe «IpOHOK Hio-Mace»
ﬂJ‘IH KATPHH Hy>KHa 60.]11)1]135[ TO[IHOCTB 0.8 < Am,2< 0 3B%. OGHapyxeH CTATHCTHYECKH I10CTOBEPHBIH CIBHT
modoxerna L3-1mHmm, Zarommui ykasaHHe HAa TO, 49TO B HCTOYHHKS
JelicTBHTETBHO NPOXOIAT MPOMECchl HAKOILISHHA 0OBEMHOrO 3apiia

Ha YPOBHE, CyIIecTBeHHOM 114 OyIyInero sxcnepuMerTa « KATPITH».
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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
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>R, KATRIN status
?‘% f Inner electrodes installation

Christian Weinheimer KATRIN CM XXII, March 2012 21
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&Ry WGTS demonstrator (2011)

¢

Thermal stabilization by
two faze (gaseous-liquid)
Ne loop up to 30 mK
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150 . . . :
120 —
First condensation
90 — of neon
—
5 l
N’
&~ 60 |- Refill of Stationary ]
neon circuit operation
/\ at 28K
0 I 1 1 1 I 1 1 1 I 1 1
12.12.2010 16.12.2010 20.12.2010
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< ;ﬁﬁ WGTS magnets — cold tests

w2 &

4 March, 2012

ke 5

é
-

“~

-
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>Re, OCHOBHOI#1 CIIEKTPOMETP @
%»ﬁi 4 Karylku KoMIneHcaiuy MarHiTHOTO
3eMIIn
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&R, Ornenka nepcrektus KATPUH @

P DOE-KATRIN Closeout Bullets:
Status Review of the KArlsruhe TRItium Neutrino
(KATRIN) experiment
July 23-24, 2014
Findings:
« KATRIN is a world class experiment to measure the electron
anti-neutrino mass with cosmological and physics relevant precision.

*KATRIN is the only experiment planned anywhere in the world
which 1s capable of measuring a model-independent ve mass with a
sensitivity of 200 meV (90% C.L. after five calendar years of operation).

*The milestone for the delivery of the WGTS determines
the timescale of the critical path to complete the project, with

completion of cryogenic and magnets tests planned for May, 2016.
H.A.TutoB «B.M.JIo6ameB u 3xcniepumedT KATPUH» Kondepenuus «JIodameny-80» 23 oxrsiops 2014, Tponuk, Poccus



Q’;ﬁ% B yem cusia KATPUH?

AR
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University of the State of Baden-Wuerttemberg

and

National Research Center of the Helmholtz
Association
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Cracu0o0 3a BHUMaHHE
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Back up slides
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Residuals, arb. units
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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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kPT‘BQ [IpomomkeHnre noucKka Maccbl HEUTPUHO:
ﬁ J. MexayHapo bl mpoekT KATPUH B Kapincpys
z g

Tritium Source Transport Section

Pre- and Main Spectrometer Detector

B decay——@°— _Jrry

: 1
\10”&'15 \ '

E = 18600 eV

e

Tritium decays, releasing an electron | | 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
[mm sufficiently high. and hence gives an
L L khtqmud B-spectrum.
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Q@Q 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 83™Kr
internal conversion line position shift and line width

broadening (when 8"Kr and T, are circulating
together through WGTS)
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